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{Adoj^ted l>y the General Committee at Leicester^ 1907 , 

• with subsequent amendmw%fsl\ 


mm ' Chapter I. 

Objects and Constitution. 

^ 1. The objects of the British Association for the Advance- Objects, 
ment of Science are : To give a stronger impulse and a more 
systematic direction 4>o scientific inquiry ; to promote the 
intercourse of those who cultivate Science in different parts 
of the British Empire with one another and with foreign 
philosophers ; to obtain more general attention for the objects 
of Science and the removal of any disadvantages of a public 
kind which impede its progress. 

The Association contemplates no invasion of the ground 
occupied by other Institutions. 

2. The Association shall consist of Members, Associates, OonstitutioD. 
and honorary Corresponding Members. 

The governing body of the Association shall be a General 
Committee," constituted as hereinafter set forth ; and its 
affairi^hall be directed by a Council and conducted by 
General Officers appointed by that Committee. 

S. The Association shall meet annually, for one week or Anni:^ ' 
longer, and at such other times as the General Committee 
may appoint. The place of each Annual Meeting shall be 
deteMjfined by the General Committee not less than two years 
in advance ; and the arrangements for these meetings shall 
be entrusted to the Officers of the Association. 


* Ohapteui IL 

JSTAe G&reeral CommUtee. 

1, The Genial Committee shall be constituted of the Constitution. 
‘ ifollQwing’pWsons : — . 

; ; , (i^ T&rmmsnt Members-^ 

^ pre^nt Members of the Council, and past 

’ i^i^'bnt Presidents of the Sections. 


.'V-: 


b^ 
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Admission. 


Meetings 


Ptmctions* 


(b) Members who, by the publication of works or 
papers, have furthered the advancement of know- 
ledge in any of those d^artments which are 
assigned to the Sections of me Association. 


(ii) Temporary Members — 

(a) Vice-Presidents and Secretaries of the Sections. 

(5) Honorary Corresponding Members, foreign repre- 
sentatives, and other persons specially invited 
or nominated by the Council or General Officers. 

(c) Delegates nominated by the Affiliated Soei^jties. 

(d) Delegates — ^not exceeding altogether thr<fe ^in 

number — ^from Scientific Institutions established 
at the place of meeting. ^ ^ 

2. The decision of the Council on the qualifications and 
claims of any Member of the Association to be placed on the 
General Committee shall be final. 

(i) Claims for admission as a Permanent Member must 

be lodged with the Assistant Secretary at least one 
month before the Annual Meeting. 

(ii) Claims for admission as a Temporary Member may be 

sent to the Assistant Secretary at any time before or 
during the Annual Meeting. 


3. The General Committee shall meet twice at least during 
every Annual Meeting. In the interval bet'W'een Jwo Atonal 
■ii^ing^ai;'£i6all'be cotnpeltot for; 'the OotojNij 'ai'.toy time 

of the 

4. The General Committee shall 


(i) Receive and consider the report of the OounoiL 

(ii) Elect a Committee of Recommendations. 

(iii) Becei"^ and consider the report of the Committee of 

Recommendations. 

(iv) Determine the place of the Annual Meeting not less 

than two years in advance. 

(v) Determine the date of the next Annual Meeting. 

(vi) Elect the President and Vice-Presidents, Local Trea- 

surer, and Local Secretaries for the next Annual 
Meeting- 

(vii) Elect Ordinal Members of Council. 

[m) Appoint GeUeml Officei^. 

t Appoint Auditors. 

the officers of the Conference of Delegates. 
;;^^-^eoive anynotioe of motion for the next Annua] 
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‘IChapter III. 

* Committee of Recommendations, 

1. *The ex officio Members of the Committee of Recom- Constitution, 
mendations ace the President and Vice-Presidents of the 
Association, the President of each Section at the Annual 
Meeting, the Chairman of the Conference of Delegates, the 
General Secretaries, the General Treasurer, the Trustees, and 
theflPresISents of the Association in former years. 

An Ordinary Member of the Committee for each Section 
shall be nominated by the Committee of that Section. 

^If the President of a Section be unable to attend a meeting 
of the Committee of Recommendations, the Sectional Com- 
mittee may appoint a Vice-President, or some other member 
of the Committee, to attend in his place, due notice of such 
appointment being sent to the Assistant Secretary. 

2. Every recommendation made under Chapter IV. and Functions, 
every resolution on a scientific subject, which may be sub- 
mitted to the Association by any Sectional Committee, or by 
the Conference of Delegates, or otherwise than by the Council 
of the Association, shall be submitted to the Committee of 
Recommendations. If the Committee of Recommendations 
approve such recommendation, they shall transmit it to the 
General Committee; and no recommendation shall be con- 
sidered by the General Committee that is not so transmitted. 

Ev6Jy» recommendation adopted by the General Committee 
shall, if it involve action on the part of the Association, be 
transmitted to the Council ; and the Council shall take such 
action as may be needful to give effect to it, and shall report 
to the General Committee not later than the next Annual 
Meeting. 

Every proposal for establishing a new Section or Sub- 
Seotion, for altering the title of a Section, or for any other 
change in the constitutional forms or fundamental rules of 
the Associfttioh, shall be referred to the Committee of Recom- 
mendations for their consideration and report. 

3. The Committee of Recommendations shall assemble. Procedure, 
for the despatch of business, on the Monday of the Annual 
Meeting, tad, if necessary, on the following day. Their 
Report must be submitted to the General Committee on the 
last day of t^e Annual Meeting. 

♦ Amended by the &eneral Committee at Winnipeg, 1909. 

b2 
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Procedure. 
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Proposals by 

Sectional 
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Tenure 


Reports. 


Chapter IY. 

e 

Research Committees, 

L Every proposal for special research, or for a grant of 
money in aid of special research, which is made in any 
Section, shall be considered by the Committee of that Section ; 
and, if such proposal be approved, it shall be refer^;^! to the 
Committee of Recommendations. • * 

Tn consequence of any such proposal, a Sectional Com- 
mittee may recommend the appointment of a Research 
Committee, composed of Members of the Association, to 
conduct research or administer a gr*int in aid of research, 
and in any case to report thereon to the Association ; and the 
Committee of Rocommendations may include such recom- 
mendation in their report to the General Committee. 

2. Every appointment of a Research Committee shall bo 
proposed at a meeting of the Sectional Committee and adopted 
at a subsequent meeting. The Sectional Committee shall 
settle the terms of reference and suitable Members to seiwo 
on it, which must be as small as is consistent with its efficient 
working ; and shall nominate a Chairman and a Secretary, 
Such Research Committee, if appointed, shall have power to 
add to their numbers. 

3. The Sectional Committee shall state in their ^omnion- 
dation whether a grant of money be desired for the purposes 
of any Research Committee, and shall estimate the amount 
required. 

All proposals sanctioned by a Sectional Committee shall 
be forwarded by the Recorder to the Assistant Secretary not 
later than noon on the Monday of the Annual Meeting for 
presentation to the Committee of Recommendations. 

L Research Committees are appointed for one year only. 
If the work of a Research Committee cannot he completed 
in that year, application may be made through a Sectional 
Committee at the next Annual Meeting for reappointment, 
with or without a grant— or a further grant — of money. 

5, Every Research Committee shall presenli a Report, 
whether interim or final, at the Annual Meeting next after 
that at which it was appointed or reappointed. Interim 
Reports, whether intended for publication or not, must be sub- 
mitted in writing. Each Sectional Committee shall ascertain 
whether a Report has been made by each Research Committee 
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appointed on their recommendation, and shall report to the 
Committee of Recommendations on or before the Monday of 
the Annual Meeting. 

6. In each Research Committee to which a grant of money 
has been made, the Chairman is the only person entitled to call 
on the Geneijal Treasurer for such portion of the sum granted 
as fi'om time to time may be required. 

Grants of money sanctioned at the Annual Meeting 
expke on June 30 following. The General Treasurer is not 
authorised, after that date, to allow any claims on account of 
such gr^jp^ts. 

^he Chairman of a Research Committee must, before 
the Annual Meeting next following the appointment of 
the Research Committee, forward to the General Treasurer 
a statement of the sums that have been received and ex- 
pended, together with, vouchers. The Chairman must then 
either return the balance of the grant, if any, which remains 
unexpended, or, if further expenditure be contemplated, apply 
for leave to retain the balance. 

When application is made for a Committee to be re- 
appointed, and to retain the balance of a former grant, and 
also to receive a further grant, the amount of such further 
grant is to be estimated as being sufficient, together with 
the balance proposed to be retained, to make up the amount 
desired. 

In making grants of money to Research Committees, the 
Association does not contemplate the payment of personal 
expenses to the Members. 

A Research Committee, whether or not in receipt of a 
grant, shall not raise money, in the name or under the auspices 
of the Association, without special permission from the General 
Committee. 

7. Members and Committees entrusted with sums of money 
for collecting specimens of any description shall include in their 
Reports particulars thereof, and shall reserve the specimens 
thus obtained for disposal, as the Council may direct. 

Commi^Jiees are required to furnish a list of any ap- 
paratus which may have been purchased out of a grant made 
by the Association, and to state whether the apparatus is 
likely to be useful for continuing the research in question or 
for other sgecific purposes. 

All instruments, drawings, papers, and other property of 
the Association, when not in actual use by a Committee, shall 
be deposited at the Office of tHe Association. 


Grants. 

(«> Drawn by 
Chairman. 


(J) Expire on 
June 30. 


(o') Accounts, 
and balance 
in hand. 


(d) Addi- 
tional Grants 


(e) Ca\*eat, 


Disposal of 
specimens, 
apparatus, 
&c. 
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Oorstitubion. 


Functions. 


Chapter V. 

The GotinciL 

1. The Council shall consist of ex officio Members and of 
Ordinary Members elected annually by the General Com- 
mittee. 

(i) The ex officio Members are — the Trustees, pg,gjb Presi- 

dents of the Association, the President and ^Vice- 
Presidents for the year, the President and Vice- 
Presidents Elect, past and present General Treasurers 
and General Secretaries, past Assistant General 
Secretaries, and the Local .Treasurers and Local 
Secretaries for the ensuing Annual Meeting. 

(ii) The Ordinary Members shall not exceed twenty- dve in 

number. Of these, not more than twenty shall have 
served on the Council as Ordinary Members in the 
previous year. 

2. The Council shall have authority to act, in the name and 
on behalf of the Association, in all matters which do not con- 
flict with the functions of the General Committee. 

In the interval between two Annual Meetings, the Coxincil 
shall manage the affairs of the Association and may All up 
vacancies among the General and other Officers, until the next 
Annual Meeting. ^ 

The Council shall hold such meetings as they may think 
■ fit, and shall in any case meet on the first day of the Annual 
Meeting, in order to complete and adopt the Annual Ileport, 
and to consider other matters to be brought before the General 
Committee. * 

The Council shall nominate for ^lection by the General 
Committee, at each Annual Meeting, a President and General 
Officers of the Association. 

Suggestions for the Presidency shall be considered by the 
Council at the Meeting in February, and the names selected 
shall be issued with the summonses to tKe Council Meeting in 
March, when the nomination shall be made from the names 
on the list. * 

The Council shall have power to appoint and dismiss 
such paid officers as may be necessary to carry on the work 
of the Association, on such terms as they may from time to 
time determine. 
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3. Ellecfcion to the Council shall take place at the same Elections, 
time as that of the Officers of the Association. 

(i) At each Annual Election, the following Ordinary 
Members of the Council shall be ineligible for re- 
election in the ensuing year : 

{a) Three of the Members who have served for the 
longest consecutive period, and 
{b) Two of the Members who, being resident in or near 
London, have attended the least number of meet- 
^ ings during the past year. 

® Nevertheless, it shall be competent for the Council, by 

an unanimous vote, to reverse the proportion in the 

order of retirement above set forth. 

» * 

(ii) The Council shall submit to the General Committee, 
in their Annuall Eeport, the names of twenty-three 
Members of the Association whom they recommend for 
election as Members of Council. 

(iii) Two Members shall be elected by the General Com- 
mittee, without nomination by the Council ; and this 
election shall be at the same meeting as that at which the 
election of the other Members of the Council takes place. 

Any member of the General Committee may propose 
another member thereof for election as one of these two 
members of Council, and, if only two are so proposed, 
they shall be declared elected ; but, if more than two 
so proposed, the election shall be by show of hands, 
unless five meml^ers at least require it to be by ballot, 


Chapter VI. 

The President^ General Officers^ and Staff, 

1. The President assumes office on the first day of the The Presi- 
Annual 15leeting, when he delivers a Presidential Address. 

He resigns office at the next Annual Meeting, when he 
inducts his successor into the Chair. 

The President shall preside at all meetings of the Associa- 
tion or of its Council ancl Committees which he attends in his 
capacity as President. In his absence, he shall be represented 
by a Vice-President or past President of the Association. 

2. The General CWhcers of the Association are the General General 

Treasurer and the General Secretaries, Officers. 



xl 


EULES OF THE BRITISH ASSOCIATION* 


The General 
Treasurer. 


The General 
Secretaries. 


The Assistant 
Secretary. 


Assistant 

Treasurer. 


Financial 

Statements. 


It shall be competent for the General Officers to act, in 
the name of the Association, in any matter of urgency which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 
meeting. 

3. The General Treasurer shall be respoiiisible to the 

General Committee and the Council for the financial affairs 
of the Association. * 

4. The General Secretaries shall control the general 

organisation and administration, and shall be responsible to 
the General Committee and the Council for condujjting the 
correspondence and for the general routine of the of 

the Association, excepting that which relates to Finance. 

5. The Assistant Secretary shall hold office during tlie 
pleasure of the Council. He shall act under the direction 
of the General Secretaries, and in thejr absence shall repre- 
sent them. He shall also act on the directions which may 
be given him by the General Treasurer in that part of his 
duties which relates to the fi^nances of the Association, 

The Assistant Secretary shall be charged, subject as afore- 
said : (i) with the general organising and editorial work, and 
with the administrative business of the Association ; (ii) with 
the control and direction of the Office and of all persons 
therein employed ; and (iii) with the execution of Standing 
Orders or of the directions given him by the General Officers 
and Council. He shall act as Secretary, and take Minutes, at 
the meetings of the Council, and at all meetings of Com- 
mittees of the Council, of the Committee of Eecommendations, 
and of the General Committee. 

6. The General Treasurer may depute one of the Staff, as 
"•"Assistant Treasurer, to carry on, under his direction, the 
routine work of the duties of his office. 

The Assistant Treasurer shall be charged with the issue of 
Membership Tickets, the payment of Grants, and sucli other 
work as may be delegated to him. 


Chapter VII. » 

Finance. 

L The General Treasurer, or Assistant Treasurer, shall 
receive and acknowledge all sums of money paid to the 
Association. He shall submit, at each meeting of the 
Council, an interim statement of his Account; and, after 
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Juno 30 in each year, ho shall prepare and submit to the 
General Committee a balance-sheet of the Funds of the 
Association. 

2. The Accounts of the Association shall be audited, 
annually, Sy Anditors appointed by the General Committee. 

3. The •General Treasui'er shall make all ordinary pay- 
ments authorised by the General Committee or by the 
Council. 

4. The General Treasurer is empowered to draw on the 
account of the Association, and to invest on its behalf, 
part oii«»all of the balance standing at any time to the credit 
op tlie Association in the books of the Bank of England, 
either in lilxclioquer Bills or in any other temporary invest- 
ipent, and to change, sell, or otherwise deal with such tem- 
porary investtnent as may seem to him desirable. 

5. In the event of the General Treasurer being unable, 
from illness or any other cause, to exercise the functions of 
his oliice, the IVesident of the Association for the time being 
"and one of the General Secretaries shall be jointly empowered 
to sign cheques on behalf of the Association. 


CllAPTBH VIIL 

^ Tha Annual MeMings. 

1 . Local Committees shall be formed to assist the General 
OlTioers in making arrangements for the Annual Meeting, and 
shall have power to add to their number. 

2. Tlie General Committee shall appoint, on the recom- 
mendation of the Local Eecoption or Executive Committee for 
the ensuing Annual Meeting, a Local Treasxirer or Treasurers 
and two or more Local Secretaries, who shall rank as officers 
of the Association, and shall consult with the General Officers 
and the ^Assistant Secretary as to the local arrangements 
necessary for the conduct of the meeting. The Local Treasurers 
shall be empowered to enrol Members and Associates, and to 
receive subscriptions. 

3. The Local Committees and Sub-Committees shall under- 
take the local organisation, and shall have power to act in the 
name of the Association in'all matters pertaining to the local 
arrangements for th^ Annual Meeting other than the work of 
the Sections. 


Audit, 
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Chapter IX. 

TUq Work of the Sections, 

1. The scientific work of the Association shsbll be trans- 
acted under such Sections as shall be constituted from time 
to time by the General Committee. 

It shall be competent for any Section, if authorised by the 
Council for the time being, to form a Sub-Section l^r^ the 
purpose of dealing separately with any group of communica- 
tions addressed to that Section. 

2. There shall be in each Section a President, • two <Tr 
more Vice-Presidents, and two or more Secretaries. They 
shall be appointed by the Council, for each Annual Meet- 
ing in advance, and shall act as the Officers of the Section 
from the date of their appointment until the appoint-* 
ment of their successoi's in office for the ensuing Annual 
Meeting. 

Of the Secretaries, one shall act as Recorder of the Section, 
and one shall be resident in the locality where the Annual 
Meeting is held. 

'3. The Section Rooms and the approaches thereto shall 
not be used for any notices, exhibitions, or other purposes 
than those of the Association. 

4. The work of each Section shall be conducted by a 
Sectional Committee, which shall consist of the followitig : — 

(i) The Officers of the Section during their term of office. 

(ii) All past Presidents of that Section. 

(iii) Such other Members of the Association, present at 

any Annual Meeting, as the Sectional Committee, 
thus constituted, may co-opt for the period of the 
meeting : 

Provided always that — 

• • 

(a) Any Member of the Association who has served on 
the Committee of any Section in any previous year, 
and who has intimated his intention of being present 
at the Annual Meeting, is eligible as a member of 
that Committee at their first meeting. 

(5) A Sectional Committee may co-opt members, as above 
set forth, at any time during the Annual Meeting, 
and shall publish daily a revised*list of the members. 
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(c) A SectioBal Committee may, at any time during the 
Annual Meeting, appoint not more than three persons 
present at the meeting to be Vice-Presidents of the 
Section, in addition to those previously appointed 

by the Council. 

• 

5. The chief executive officers of a Section shall be the 
President alid the Eeoorder. They shall have power to act on 
behalf of the Section in any matter of urgency which cannot 
be brought before the consideration of the Sectional Com- 
mittegj and they shall report such action to the Sectional 
Cbi^mittee at its next meeting. 

The President (or, in his absence, one of the Vice-Presi- 
dents) shall preside at 'all meetings of the Sectional Committee 
or of the Section. His ruling shall be absolute on all points 
of order that may ariose. 

The Recorder shall be responsible for the punctual trans- 
mission to the Assistant Secretary of the daily programme of 
his Section, of the recommendations adopted by the Sectional 
Committee, of the printed returns, abstracts, reports, or papers 
appertaining to the proceedings of his Section at the Annual 
Meeting, and for the correspondence and minutes of the 
Sectional Committee. 

6. The Sectional Committee shall nominate, before the 
close of the Annual Meeting, not more than six of its own 
members to be members of an Organising Committee, with 
the officers to be subsequently appointed by the Council, and 
past Presidents of the Section, from the close of the Annual 
M”eetmg until the conclusion of its meeting on the first day of 
the ensuing Annual Meeting. 

Each Organising Committee shall hold such Meetings as 
are deemed necessary by its President for the organisation 
of the ensuing Sectional proceedings, and shall hold a meeting 
on tlie first Wednesday of the Annual Meeting : to nominate 
members of the Sectional Committee, to confirm the Pro- 
visional Programme of the Section, and to report to the 
Sectiont^ Committee. 

Each Sectional Committee shall meet daily, unless other- 
wise determined, during the Annual Meeting : to co-opt 
members, to complete the arrangements for the next day, and 
to take into consideration any suggestion for the advance- 
ment of Science that may be offered by a member, or may 
arise out of the proceedings of the Section. 

No paper shall be read in any Section until it has been 
accepted by the SecEional Committee and entered as accepted 
on its Minutes. 
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Any report or paper read in any one Section may be read 
also in any other Section. 

No paper or abstract of a paper shall be printed in the 
Annual Beport of the Association unless the manuscript has 
been received by the Recorder of the Section before the close 
of the Annual Meeting. 

It shall be within the competence of the Sectional Com- 
mittee to review the recommendations adopted at preceding 
Annual Meetings, as published in the Annual Reports of the 
Association, and the communications made to the Section at 
its current meetings, for the purpose of selecting definite 
objects of research, in the promotion of which individual' or 
concerted action may be usefully employed ; and, further, to 
take into consideration those branches or aspects of knpwledg^ 
on the state and progress of which reports are required : to 
make recommendations and nominate individuals or Research 
Committees to whom the preparation of such reports, or the task 
of research, may be entrusted, discriminating as to whether, 
and in what respects, these objects may be usefully advanced 
by the appropriation of money from the funds of the Associa- 
tion, whether by reference to local authorities, public institu- 
tions, or Departments of His Majesty’s Government. The 
appointment of such Research Committees shall be made in 
accordance with the provisions of Chapter IV. 

No proposal arising out of the proceedings of any Section 
shall be referred to the Committee of Recommendations unless 
it shall have received the sanction of the Sectional Com- 
mittee. 

7. Papers ordered to be printed in extenso shall not bo 
included in the Annual Report, if published elsewhere prior 
to the issue of the Annual Report in volume form. Reports 
of Research Committees shall not be published elsewhere 
than in the Annual Report without the express sanction of 
the Council. 

8. The copyright of papers ordered by the General Com- 
mittee to be printed in extenso in the Annual Report shall 
be vested in the authors ; and the copyright of dihe^ reports 
of Research Committees appointed hy the General Committee 
shall be vested in the Association, 
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, Chapter X. 

• Admission of Members and Associates, 

1, No •technical qualification shall be required on the Applications, 
part of an applicant for admission as a Member or as an 
Associate of the British Association ] but the Council is 
empowered, in the event of special circumstances arising, to 

igagose suitable conditions and restrictions in this respect. 

* Every person admitted as a Member or an Associate Obligations, 
shall conform to the Buies and Begulations of the Association, 
tiny infringement of which on his part may render liim liable 
to exclusion by the Council, who have also authority, if they 
think it necessary, to withhold from any person the privilege 
of attending any Annual Meeting or to cancel a ticket of 
admission already issued. 

It shall be competent for the General Officers to act, in 
the name of the Council, on any occasion of urgency which 
cannot be brought under the consideration of the Council j 
and they shall report such action to the Council at the next 
Meeting. 

2. All Members are eligible to any office in the Association. Oondiiiops 

(i) Every Life Member shall pay, on admission, the sum 

of Ten Pounds. ship. 

Life Members shall receive gratis the Annual 
Beports of the Association. 

(ii) Every Annual Member shall pay, on admission, the 
sum of Two Pounds, and in any subsequent year 
the sum of One Pound. 

Annual Members shall receive gratis the Beport 
• of the Association for the year of their admission 
and for the years in which they continue to pay, 
without intermission^ their annual subscription. An 
Annual Member who omits to subscribe for any 
^ particular year shall lose for that and all future 
years the privilege of receiving the Annual Beports 
of the Association gratis. He, however, may resume 
his other privileges as a Member at any subsequent 
Annual Meeting by paying on each such occasion 
the sum of One Pound. 

(iii) Every Associate for a year shall pay, on admission, 
the sum of One Pound. 

* Amended by tbe General Committee at Dublin, 1908. 
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Associates shall not receive the Annual Report 
gratuitously. They shall not be eligible to serve on 
any Committee, nor be qualified to hold any office in 
the Association. 

(iv) Ladies may become Members or Associa£es on the 
same terms as gentlemen, or can obtain^ a Lady^s 
Ticket (transferable to ladies only) on the payment 
of One Pound. 

3. Corresponding Members may be appointed by the 
General Committee, on the nomination of the Council. They 
shall be entitled to all the privileges of Membership. ^ 

4. Subscriptions are payable at or before the AniffuSl 
Meeting. Annual Members not attending the meeting may 
make payment at any time before the close of the financial 
year on June 30 of the following year. 

5. The Annual Report of the Association shall be forwarded 
gratis to individuals and institutions entitled to receive it. 

Annual Members whose subscriptions have been inter- 
mitted shall he entitled to purchase the Annual Report 
at two-thirds of the publication price ; and Associates for a 
year shall be entitled to purchase, at the same price, the 
volume for that year. 

Yolumes not claimed within two years of the date of 
publication can only be issued by direction of the Council. 


Chapter XI. 

Correspondi^ig Societies : Conference of Delegates, 
Corresponding Societies are constituted as follows 

1. (i) Any Society which undertakes local scientific haves- 
tigation and publishes the results may become a 
Society affiliated to the British Association, 

Each Affiliated Society may appoint a Delegate, 
who must be or become a Member of the*^Associa- 
tion and must attend the meetings of the Conference 
of Delegates. He shall be ex officio a Member of 
the General Committee. 

(ii) Any Society formed for the. purpose of encouraging 
the study of Science, which has existed for three 
years and numbers not fewer than fifty members, 
may become a Society associated with the British 
Association. 



CORRESPONDING SOCIETIES : CONFERENCE OF DELEGATES, xlvii 


Each Associated Society shall have the right 
to appoint a Delegate to attend the Annual Con- 
ference. Such Delegates must be or become either 
Members or Associates of the British Association, 
5nd shall have all the rights of Delegates appointed 
by the Affiliated Societies, except that of member- 
ship of the General Committee. 

2. Application may be made by any Society to be placed 
on the list of Corresponding Societies. Such application must 
be addressed to the Assistant Secretary on or before the 1st of 
June pj^ceding the Annual Meeting at which it is intended 
it Should be considered, and must, in the case of Societies 
desiring to be affiliated, be accompanied by specimens of the 
publications of the results of local scientific investigations 
recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be an- 
nually nominated by the Council and appointed by the 
General Committee, for the purpose of keeping themselves 
generally informed of the 'work of the Corresponding Socie- 
ties and of superintending the preparation of a list of the 
papers published by the Affiliated Societies. This Com- 
mittee shall maka an Annual Report to the Council, and 
shall suggest such additions or changes in the list of Corre- 
sponding Societies as they may consider desirable. 

(i) Each Corresponding Society shall forward every year 

to the Assistant Secretary of the Association, on or 
before June 1, such particulars in regard to the 
Society as may be required for the information of 
the Corresponding Societies Committee. 

(ii) There shall be inserted in the Annual Report of the 

Association a list of the papers published by 
the Corresponding Societies during the preceding 
• twelve months which contain the results of local 
scientific work conducted by them — those papers 
only being included which refer to subjects coming 
under the cognisance of one or other of the several 
ISec’tions of the Association, 

4. The Delegates, of Corresponding Societies shall consti- 
tute a Conference, of which the Chairman, Vice-Chairman, 
and Secretary or Secretaries shall be nominated annually by 
the Council and appointed by the General Committee. The 
members of the Corresponding Societies Committee shall be 
£cc officio members of the Conference. 

(i) The Conference of Delegates shall be summoned by 
the Secretaries to hold one or more meetings during 


Applications. 
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SPOKDING 
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Procedure. 
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BULES OF THE BBITISH ASSOCIATION. 


Alterations, 


each Annual Meeting of the Association, and 
shall be empowered to invite any Member or 
.Associate to take part in the discussions. 

(ii) The Conference of Delegates shall be empowered to 

submit Resolutions to the Committee of Recom- 
mendations for their consideration, aiCd for report 
to the General Committee. 

(iii) The Sectional Committees of the Association shall 

be requested to transmit to the Secretaries of the*^ 
Conference of Delegates copies of any recommenda- 
tions to be made to the General Committeoifbearing 
on matters in which the co-operation of Corre- 
sponding Societies is desirable. It shall be com- 
petent for the Secretaries of the Conference ^of 
Delegates to invite the authors of such recom- 
mendations to attend the meetings of che Conference 
in order to give verbal explanations of their objects 
and of the precise way in which they desire these 
to be carried into effect. 

(iv) It shall be the duty of the Delegates to make 

themselves familiar with the purport of the several 
recommendations brought before the Conference, in 
order that they may be able to bring such recom- 
mendations adequately before their respective 
Societies. 

(v) The Conference may also discuss propositions 
regarding the promotion of more systematic ob- 
servation and plans of operation, and of greater 
uniformity in the method of publishing results. 


Chapter XIT. 

Amendments and New Rides. * 

Any alterations in the Rules, and any amendments 
or new Rules that may be proposed by the Council or 
individual Members, shall be notified to the -Geiieral Com- 
mittee on the first day of the Annual Meeting, and referred 
forthwith to the Committee of Recommendations ; and, on the 
report of that Committee, shall be submitted for approval at 
the last meeting of the General Committee. 
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TEUSTEES AND GENERAL OFEIOEES, 1831-1910. 


TRUSTEES. 


1832-70 (SirJ R. I. Mitechison (Bart.), 

F.R.S. 

1832-62 JOHif Taylob, Esq., F.R.S. 
1832-39 0. Babbage, Esq., F.R.S. 
1839-44 F. Baily, Esq., F.R.S. 

1844-58 Rev. G. Peacock, F.R.S. 
1868-82 General E. Sabine, F.R.S. 
1862-81 Sir R. Egeeton, Bart., F.R.S. 


1872 Sir J. Lubbock, Barb, (now Lord 

Avbbuby), F.R.S. 

1881-83 W. Spottiswoode, Esq,, Pres, 
R.S. 

1883 Lord Rayleigh, F.R.S, 

1883-98 Sir Lyon (afterwards Lord) 
Playpatb, F.R.S. 

1898 Prof. (Sir) A. W. RtJ^OKEE, F.R.S. 


GENERAL TREASURERS. 


1831"^ Jonathan Gbay, Esq. 

1832-62 John Tayloe, Esq., F.R.S. 
1862-74 W. Spottiswoode, Esq., F.R.S, 
18%4-91 Prof. A, W. Williamson, F.R.S. 


1891-98 Prof. (Sir) A. W. Rucker, 
F R S 

1898-1901 Prot G. C. Foster, F.R.S, 
1904 Prof. John Perry, F.R.S, 


.GENERAL SECRETARIES. 


1832-35 Rev. W. Vernon Harcourt, 
F.R.S. 

1835- 36 Rev. W. Vernon Harcoujit, 

F.R.S., and F. Baily, Esq., 
F.R.S. 

1836- 37 Rev. W. Vernon Harcourt, 

F.R.S., and R. I. Murchison, 
Esq., F.R.S, 

1837- 39 R. I. Murchison, Esq., F.R.S., 

and Rev. G. Peacock, F.R.S. 
1839-45 Sir R. I. MUBCHISON, F.R.S., 
and Major E. SABINE, F.R.S. 
1845-50 Lieut.-Colonel B. Sabine, F.R.S. 
1850-52 General E. Sabine, F.R.S., and 
J. F. Royle, Esq., F.R.S. 
1862-53 J. F. Royle, Esq., F.R.S. 
1853-59 General B. Sabine, F.R.S. 
1859-61 Prof. R. WALKER, F.R.S. 

1861- 62 W. Hopkins, Esq., F.R.S. 

1862- 63 W. Hopkins, Esq., F.R.S., and 

Prof. J. Phillips, F.R.S. 

1863- 65 W. Hopkins, Esq., F.R.S., and 

F. Galton, Esq., F.R.S. 

1865- 66 F. Galton, Esq., F.R.S. 

1866- 68 F. Galton, Esq., F.R.S., and 

Dr. T. A. Hirst, F.R.S. 


1868-71 Dr. T. A. Hirst, F.R.S., and Dr. 
T. Thomson, F.R.S. 

1 871- 72 Dr.T. Thomson, F.R.S., and Capt. 

Douglas Galton, F.R.S. 

1872- 76 Capt. D. Galton, F.R.S., and 

Dr. Michael Foster, F.R.S. 
1876-81 Capt. D, Galton, F.R.S., and 
Dr. P. L. SCLATER, F.R.S. 

1881- 82 Capt. D. Galton, F.R.S., and 

Prof. F. M. Balfour, F.R.S. 

1882- 83 Capt. Douglas Galton, F.R.B- 

1883- 95 Sir Douglas Galton, F.R.S., 

and A. G. Vernon Harcourt, 
Esq., F.R.S. 

1896- 97 A. G. Vernon Harcourt, E sq., 

F.R.S., and Prof. E. A. 
Schafer, F.R.S. 

1897- f Prof. Schafer, F.R.S., and Sir 
1900 1 W.C.Roberts- Austen, F.R.S. 

1000-02 Sir W. C. Ro BERTS- AuSTEN, 
F.R.S., and Dr. D. H. Scott, 
F R S 

1902- 03 Dr.’D*! H. Scott, F.R.S., and 

Major?. A. MacMahon, F.R.S. 

1903- Major P. A. Mac Mahon, F.R.3., 

and Prof. W. A. Herdman, 
F.R.S. 


ASSISTANT GENERAL SECRETARIES, &c. : 1831-1904. 


1 831 John Phillips, Esq., Secretary, 

1833 Prof. J. D. Fobbes, Actwy 
Secretary, • 

1832-62 Prof. John Phillips, F.R.S. 
1863-78 G. Griffith, Esq., M.A. 
1878-80 J. E. H. Gordon, Esq., B.A., 
A&mtaiKt Secretary, * 

1881 G. Griffith, Esq., M.A., Acting 
0 Secretary, 


1881-85 Prof. T. G. Bonney, F.R.S., 
Secretary, 

1886-90 A. T. Atchison, Esq., M.A., 
Secretary, 

1890 G. Griffith, Esq., M.A., Acting 
Secretary, 

1890-1902 G. Griffith, Esq,, M.A. 
1902-04 J. G. GAESON, Esq., M.D. 


ASSISTANT SECRETARIES. 

1904-^09 A. Silva WiiaiTJb, Esq* | 1909- 0. J. R. HowARTtl, Esq., M.A. 

1910, d 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Presidents o/nd Seeretci/ries of the Sections of the AssocicLi/ion, 


Date and Place j 

1 Presidents 

Secretaries 





MATHEMATICAL AND PHYSICAL SCIENCES. 


COMMITTEE OP SCIENCES, I. — MATHEMATICS AND GENERAL PHYSICS. 


1832. Oxford 

1833. Cambridge 

1834. Edinburgh 


Davies Grilbert, D.C.L.,E.B.S. 

Sir D. Brewster, F.R.S 

Rev. W. Whewell, E.R.S. 


Rev. H. Coddington. 

Prof. Forbes. 

1 Prof. Forbes, Prof. Lloyd. 


1835. Dublin 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle 

1839. Birmingham 

1840. Glasgow ... 

1841. Plymouth 

1842. Manchester 

1843. Cork 

1844. York..,, 

1845. Cambridge 

1846. Southamp- 

ton. 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh 

1851. Ipswich ... 

1853. Belfast 

1863. Hull 

1854. Liverpool... 

1855. Glasgow ... 

1866. Cheltenham 

1867. Dublin...... 

1868. Leeds 

1869. Aberdeen... 


SECTION A. — MATHEMATICS AND PHYSICS. # 


Rev. Dr. Robinson 

Rev. William Whewell, F.R.S. 

Sir D. Brewster, F.R.S. ...... 

Sir J. F, W. Herschel, Bart., 
F.R.S. 

Rev. Prof . Whewell, F.R.S.... 

Prof. Forbes, F.R.S 

Rev. Prof. Lloyd, F.B.S 

Very Rev. G. Peacock, D.D., 
R S 

Prof. M‘bullooh, M.R.I.A. ... 

The Earl of Rosse, F.R.S. ... 

The Very Rev. the Dean of 
Ely. 

Sir John F. W. Herschel, 
Bart., F,R.S. 

Rev. Prof. Powell, M,A., 
F R S 

Lord Wrottcsley, F.R.S 

William Hopkins, F.R.S....... 

Prof. J. D. Forbes, F.R.S,, 
Sec. R.S.B. 

Rev. W. Whewell, D.D., 
F.R,8, 

Prof. W. Thomson, M.A., 
F.R.S., F.R.S.B. 

The Very Rev. the Dean of 
Ely, F.R.S. 

Prof. G. G. Stokes, M.A., Sec. 
R.S. 

Rev. Prof. Kelland, M.A., 
F.R.S., F,R.S.E. 

Rev. R. Walker, M.A., F.R.S. 

Rev. T. E. Robinson, D.D„ 
F.R.S., M.R.I.A. 

Rev, W. Whewell, D.D.. 
V.P.R.S. 

The Earl of Rosse, M.A., El.P., 
F.R.S. 


Prof. Sir W. E. HamiltoiC Prof, 
Wheatstone. 

Prof. Forbes, W. S. Harris, F. W. 

Jerrard. • 

W. S. Harris, Rev. Prof. Powell, 
Prof.^Stevelly. 

Rev. Prof. Ohevallier, Major Sabine, 
Prof. Stevelly. 

J, D. Chance, W. Snow Harris, Prof. 
Stevelly. 

Rev. Dr. Forbes, Prof. Stevelly, 
Arch. Smith. 

Prof. Stevelly. 

Prof. M^Onllocb, Prof. Stevelly, Rev, 
W. Scoresby. 

J. Noit, Prof. Stevelly. 

Rev. Wm. Hey, Prof. Stevelly. 

Rev. H. Goodwin, Prof. Stevelly, 
G. G. Stokes. 

John Drew, Dr, Stevelly, G. G. 
Stokes. 

Rev. H. Price, Prof. Stevelly, G. G. 
Stokes. 

Dr. Stevelly, G. G. Stokes. 

Prof. Stevelly, G, G. Stokes, W, 
Ridout Wills. 

W. J.MacquornRankine, Prof. Smyth , 
Prof. Stevelly, Prof. G. G, Stokes. 
S. Jackson, W. J. Macquorn Eankino, 
Prof. Stevelly, Prof. G. G. Stokes. 
Prof, Dixon, W, J. Macquorn Ran- 
kine, Prof. Stevelly, J. Tyndall. 

B. Blaydes Haworth, J. D. Sollitt, 
Prof. Stevelly, J. Welsh. 

J. Hartnup, H. G. Puokle, Prof. 

Stevelly, J. Tyifdal?, J. Welsh. 
Rev. Dr. Forbes, Prof. D. Gray, Prof. 
Tyndall. 

0. Brooke, Rev. T. A. Southwood, 
Prof. Stevelly, Rev. J. C. Turnbull. 
Prof. Curtis, ftof. Hennessy, P. A. 
IJinnis, W. J. Macquorn Rankine, 
ftof. Stevelly. 

Rev. S. Eamshaw, J. P. Hennessy, 
Prof. Stevelly, H.J.S. Smith, Prof. 
Tyndall. 

J. P. Hennessy, Prof. Maxwell, H. 
J. S. Smith, Prof. Stevelly. 
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Date and Place Presidents Secretaries 


1860. Oxford Rev. B. Price, M.A., F.R.S.... Rev. O. C. Bell, Rev. T. Rennison, 

Prof. Stevelly. 

1861. Manchesfer G. B. Airy, M.A., D.C.L., Prof. R. B Clifton, Prof. H. J. S, 

^ F.R.S. Smith, Prof. Stevelly. 

1862. Cambridge Prof. G. G. Stokes, M.A., Prof. R. B. Clifton, Prof. H. J. S. 

F. R.S. Smith, Prof, Stevelly. 

1863. Newcastle Prof .W. J. Macquorn Rankine, Rcv.N.Ferrers, Prof. Fuller, F.Jenkin, 

G. E., F.R.S. Prof. Stevelly, Rev. C. T. Whitley. 

1864. Bath Prof. Cayley, M.A., F.R.S., Prof. Fuller, F. Jenkin, Rev. G. 

F.R.A.S. Buckle, Prof. Stevelly. 

1865. Birmingham W. Spottiswoode,M.A., F.R.S., Rev. T. N. Hutchinson, F. Jenkin, G. 

* F.R.A.S. S. Mathews, Prof. H. J, S. Smith, 

J. M. Wilson. 

1866. Nottingham Prof. Wheatstone, D.C.L., FleemingJenkin,Prof.H.J.S. Smith, 

F.R.S. Rev. S. N. Swann. 

1867. # Dundee ... Prof. Sir W. Thomson, D.G.L., Rev. G. Buckle, Prof. G. C. Foster, 

F.R.S. Prof. Fuller, Prof. Swan. 

1868. Norwich ... Prof. J. , Tyndall, LL.D., Prof. G. 0. Foster, Rev. R. Harley, 

F.R.S. R. B. Hayward. 

1869. Exeter Prof. J. J. Sylvester, LL.D., Prof. G. C. Foster, R. B. Hay ward 

F.R.S. W. K. Clilford. 

1870. Liverpool... J. Clerk Maxwell, M.A., Prof. W. G. Adams, IV. K. Clifford, 

LL.D., F.R.S. Prof. G. C. Foster, Rev. W. Allen 

Whitworth. 

1871. Edinburgh Prof. P. G. Tait, F.R.S.B. ... Prof. W. G. Adams, J. T. Bottomley, 

Prof. W. K. Cliiford, Prof. J. D. 
Everett, Rev. R. Harley. 

1872. Brighton... W. De LaRiie, D.C.L., F.R.S. Prof. W.K. Clifford, J.W.L.Glaisher, 

Prof. A. S. Herschel, G. F. Rodwell. 

1873. Bradford ... Prof. H. J. S. Smith, F.R.S. . Prof. W. K. Clifford, Prof. Forbes, 


J. W. L. Glaisher, Prof. A. S. 
Herschel. 

1874. Belfast...... Rev. Prof. J. H. Jellett, M.A., J. W. L. Glaisher, Prof. Herschel, 

M.R.I.A. Randal Nixon, J. Perry, G. F, 

Rodwell. 

1875. Bristol Prof. Balfour Stewart, M.A., Prof. W.F. Barrett, J.W.L, Glaisher, 

LL.D., F.R.S. C. T. Hudson, G. F. Rodwell. 

1876. Glasgow ... Prof. Sir W. Thomson, M.A., Prof . W. F. Barrett, J. T. Bottomley, 

D.C.L., F.R.S. Prof. G. Forbes, J. W. L. Glaisher, 

T. Muir. 


1877. Plymouth... Prof. G. C. Foster, B. A., F.R.S., Prof . W. F. Barrett, J. T. Bottomley, 

Pres. Physical Soc. J. W. L. Glaisher, F. G. Landon. 

1878. Dublin Rev, Prof. Salmon, D.D., Prof. J. Casey, G. F. Fitzgerald, J. 

D.O.L., F.R.S. W. L. Glaisher, Dr. 0. J. Lodge. 

1879. Sheffield George Johnstone Stoney, A. H. Allen, J. W. L. Glaisher, Dr, 

M.A., F.R.S. 0. J. Lodge, D. MacAlister. 

1880. Swansea ... Prof . W. Grylls Adams, M.A., W. E. Ayrton, J. W. L. Glaisher, 

* • F.R.S. Dr. 0. J. Lodge, D. MacAlister. 

1881. York Prot Sir W. Thomson, M.A., Prof, W. E. Ayrton, Dr. 0. J. Lodge, 

LL.D., D.C.L., F.R.S. . D. MacAlister, Rev. W. Routh. 

1882. Southamp- Rt, Hon. liord Rayleigh, M. A., W. M. Hicks, Dr. O. J. Lodge, D. 

ton. F.R.S. MacAlister, Rev, G, Richardson. 

1883. Southport Prof. 0. Henrioi, Ph.D., F.R.S. W. M. Hicks, Prof. O. J. Lodge, 

* D. MacAlister, Prof. R. C. Rowe. 

1884. Montreal ... Prof. Sir W. Thomson, M.A., C. Carpmael, W, M. Hicks, A. John- 

LL.D., D.O.L., F Jl.S. son, O. J. Lodge, D. MacAlister. 

1885. Aberdeen... Prof. G. Chrystal, M.A., R.E. Baynes, R. T.Glazebrook, Prof. 

F.R.S.E.* W. M. Hicks, Prof. W. Ingram. 

1886. rminghaxn Prof. G. H. Darwin* M.A,* R. E. Baynes, R. T. Glazebrook, Prof. 

F.R.S. J. H. Poyntingi W. N. Shaw. 

a s 
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Date and Place 

1887. Manchester 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham 

1891:. Oxford 

1895. Ipswich ... 

1896. Liverpool... 

1897. Toronto 

1898. Bristol 

1899. Dover 

1900. Bradford,,. 

1901. Glasgow ... 

1902. Belfast 

1903. Southport 

1904. Cambridge 

1906. SouthAfrica 

1906. York 

1907. Leicester... 

1908. Dublin 

1909. Winnipeg 

1910. Sheffield ... 


Presidents 


Secretaries 


Prof. Sir R. S. Ball, M.A., 
LL.D., F.E.S. 

Prof. G. F. Fitzgerald, M.A., 
F R S 

Oapt. W. de W. Abney, O.B., 
R.E., F.R.S. 

J. W. L. Glaisber, So.D., 
F.R.S., V.P.R.A.S. 

Prof. 0. J. Lodge, D.Sc., 
LL.D., F.R.S. 

Prof. A. Schuster, Ph.D., 
F.R.S., F.R.A.S. 

R. T. Glazebrook, M.A., F.R.S. 

Prof. A.W.Rucker, M. A., F.R.S. 

Prof. W. M. Hicks, M.A., 
F.R.S. 

Prof. J. J. Thomson, M.A., 
D.Sc., F.R.S. 

Prof. A. R. Forsyth, M.A., 

’ F R S 

I Prof. W.’ E, Ayrton, F.R.S. ... 

I Prof. J. H. Poynting, F.R.S. 


Dr. J. Larmor, F.R.S. — 
of Astvonomy^ Dr. A. A. 
Common, B\R.S. 

Major P. A. MacMahon,F.R.S. 
— JOep. of Astronomy i Prof. 
H. H. Turner, F.R.8. 

Prof. J. Parser, LL.D.,M.R.L A . 
—Dap. of Astronomy^ Prof. 
A. Schuster, F.R.S. 

0. Vernon Boys, F.R.S. — Dep, 
of Astrommy and Meteor- 
ology W. N. Shaw,F.R.S 

Prof, H. Lamb, F.R.S.— 

I Section of Astronomy and 
i Cosmical Physics, Sir J. 
I Eliot, K.O.I.B., F.U,S, 

Prof. A. R. Forsyth, M. A., 
F R S 

Principal E. H.Griffiths,F.R.S. 


Prof. A. E. H. Love, M.A., 
F.R S. 

Dr. W. N. Shaw,F.R.S 


Prof. E. Rutherford, F.R.S. , 


Prof. B, W. Hobson, F.R.S.... 


E. E. Baynes, R. T. Glazebrook, Prof. 

H. Lamb, W. N. Shaw. 

R. B. Baynes, R. T. tllazebrook, A. 

Lodge, W. N. Slmw. 

R. E. Baynes, R. T. Glazebrook, A. 

Lodge, W. N. Shaw, H. Stroud. 

R. T. Glazebrook, Prof. A. Lodge, 
W. N. Shaw, Prof, W. Stroud. 

R. E. Baynes, J. Larmor, Prof, A. 

Lodge, Prof. A. L. Selby. 

R. E. Baynes, J. Larmor, Prof. A. 

Lodge, Dr. W. Peddie.*^ 

W. T. A. Emtage, J. LarmoC Prof. 

A. Lodge, Dr. W. Peddie. 

Prof. W. IT. Heaton, Prof. A. Lodge, 
I J. Walker. 

I Prof. W. H. Heaton, Prof. A. Lodge, 

G. T. Walker, W. Watson. 

Prof. W. H. Heaton, J. L. Howard, 
Prof. A. Lodge, G. T. Walker, W. 
Watson. 

Prof.W.H. Heaton, J. C.Glashan, J.L. 

Howard, Prof. J. 0. McLennan. 

A, P. Chattock, J. L, Howard, C. H. 

Lees, W. Watson, E. T. Whittaker. 
J. L. Howard, C. PI. Lees, W. Wat- 
son, E. T. Whittaker. 

P. H. Cowell, A. Fowler, C. H. Lees, 
0. J. Xj. Wagstaffe, W. Watson, 
E. T. Whittaker. 

PI.S.OarslaWjO.H.Lees, W. Stewart, 
i Prof. L. R. Wilberforce. 

H, S, Carslaw, A* R. Hinks, A. 
Larmor, 0. H. Lees, Prof. W. B. 
Morton, A. W. Port.er. 

D. E. Benson. A. R. Hinks, R. W. 
PL T. Hudson, Dr. C. H. Lees, J. 
Loton, A. W. Porter. 

A. R. Hinks, R. W. H. T. Hudson, 
Dr. 0. H. Lees, Dr. W. J. S. Lock- 
yer, A. W. Porter, W. 0, D. 
Whet ham. 

A. R. Plinks, S. S. Hough, R. T. A. 
Inncs, J. H. Jeans, Dr. C. H. Lees. 

Dr. L. N. G. Filon.Dr. J. A. Harker, 
A. R. Hinks, Prof, A. W. Porter, 

H. Dennis Tayior.^ 

B. E. Brooks, Dr. L. N. G, Filon, 
Dr. J. A. Harker, A. R. Hinks, 
Prof, A, W. Porter. 

Dr. W. G. Duffield, Dr. L. N. G. 
Filon, E. Gold, Prof. J. A, 
^McClelland, Prof. A. W. Porter, 
Prof. E. T. Whittaker. 

Prof. F. Allen, Prof. J, C. Fields, 
E. Gold, F. Horton, Prof. A. W. 
Porter, Dr. A. A. Rambaut. 

H. Bateman, A. S. Eddington, E. 
Gold, Dr. F. Horton, Dr. S. R. 
Milner, Prof, A. W. Porter. 
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Date and Place 


Presidents 


Secretaries 


CHEMICAL SCIENCE. 

COMMITTEE OP SCIENCES, II. — CHEMISTRY, MINERALOGY, &C. 


1832. Oxford 

1833. Cambridge 
1834:. Edinburgh 


John Dalton, D.C.L., F.R.S. 
John Dalton, D.C.L., F.R.S. 
Dr. Hope 


James F. W. Johnston. 

Prof. Miller. 

Mr. Johnston, Dr. Christison. 


SECTION B. — CHEMISTRY AND MINERALOGY. 


1835. ’^ublin I Dr. T. Thomson, F.R.S 

1836. Bristol Rev. Prof. Gumming 


183J. Liverpool... 


Michael Faraday, F.R.S 


1838. Newcastle 


Rev. W ilUam Whewoll,F.R.S, 


1839. Birmingham Prof. T. Graham, F.R.S 

1810. Glasgow ... Dr. Thomas Thomson, F.R.S. 


1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 


Dr. Daubeny, F.R.S 

John Dalton, D.C.L., F.R.S. 

Prof. Apjohn, M.R.LA 

Prof. T. Graham, F.R.S 


1845. Cambridge 


Rev. Prof. Gumming 


1846. Southamp- 

ton. 

1847. Oxford. 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh 

1861. Ipswich ... 

1862. Belfast 


Michael Faraday, D.C.L., 
F.R.S. 

Rev. W. V. Harcourt, M.A., 
F.R.S. 

Richard Phillips, F.R.S 

John Percy, M.D., F.R.S 

Dr. Christison, V.P.R.S.E. ..» 

! Prof. Thomas Graham, F.R.S. 
Thomas Andrews, M.D.,F.R.S. 


1853. Hull 

1854. Liverpool 


Prof, J. F. W. Johnston, M.A., 

F.R.S. 

Prof.W. A.Mmer, M.D.,F.R.S. 


1855. Glasgow ... I Dr. Lyon Play fair, C.B., F.R.S. 
1866. Cheltenham; Prof. B. C. Brodie, F.R.S. ... 


1867. Dublin 

m • 

1858. Leeds 

1859. Aberdeen... 

1860. Oxford. 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath 


Prof. Apjohn, M.D., F.B,S., 

I M.R.LA. i 

i Sir J. F. W. Herschcl, Bart., 

! D.C.L. 

1 Dr. LybnPlayfair, O.B., F.R.S. 

I Prof. B, 0. Brodie, F.R,S 

Prof. W.A.Miller, M.D.,F.R.S. 
Prof. W.H.Miller^M.A.,F.R.S. 

Dr. Alex. W. Williamson, 
F R S 

W. bdling, M.B., F.R.S 


Dr. Apjohn, Prof. Johnston. 

Dr. Apjohn, Dr. C. Henry, W. Hera- 
path. 

Prof. Johnston, Prof. Miller, Dr. 
Reynolds. 

Prof. Miller, H. L. Pattinson, Thomas 
Richardson. 

Dr. Golding Bird, Dr. J. B. Melson. 
Dr. R. D. Thomson, Dr. T. Clark, 
Dr. L. Playfair. 

J. Prideaux, R. Hunt, W. M. Tweedy. 
Dr. L. Playfair, R. Hunt, J. Graham. 

I R. Hunt, Dr. Sweeny. 

Dr. L. Playfair, E. Solly, T. H. 
Barker. 

R. Hunt, J. P. Joule, Prof. Miller, 
E. Solly. 

Dr. Miller, R. Hunt, W. Randall, 

B. 0. Brodie, R. Hunt, Prof. Solly. 

T. H. Henry, R. Hunt, T, Williams. 
R. Hunt, G. Shaw. 

Dr. Anderson, R. Hunt, Dr. Wilson. 
T. J. Pearsall, W. S. Ward. 

Dr. Gladstone, Prof. Hodges, Prof. 
Ronalds. 

H. S. Blimdell, Prof. R. Hunt,T. J. 
Pearsall. 

Dr. Edwards, Dr, Gladstone, Dr. 
Price. 

Prof. Frankland, Dr. H. E. Roscoe. 
J. Horsley, P. J. Worsley, Prof. 
Voelcker. 

Dr. Davy, Dr, Gladstone, Prof. Sul- 
livan. 

Dr. Gladstone, W. Odling, R. Rey- 
nolds. 

J. S. Brazier, Dr. Gladstone, G. D. 

Liveing, Dr, Odling. 

A. Vernon Harcourt, G. D. Liveing, 
A. B. Northcote. 

;A. Vernon Harcourt, G. D. Liveing. 
H. W. Elphinstone, W. Odling, Prof. 
Roscoe. 

Prof. Liveing, H. L. Pattinson, J. 0. 
Stevenson. 

A. V. Harcourt, Prof, Liveing, R, 
Biggs, 
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Bate and Place Presidents Secretaries 

1865. Birmingham i Prof. W, A. Miller, M.B., A. V. Harcoiirt, H. Adkins, Prof, 

I Y.P.E.S. Wankiyn, A. WinRler Wills. 

1866. Nottingham I H. Bence Jones, M.B., F.K.S. J. H. Atherton, Prof. Liveing, W. J. 

Russell, J. Whited 

1867. Dundee ... Prof. T. Anderson, M.B., A. Crum Brown, Prof . 0. B. Liveing, 

F.R.S.E. W. J. Russell. 

1868. Norwich ... Prof. E. Frankland, F.R.S. Dr. A. Crum Brown, Dr. W. J. Rus- 

sell, F. Sutton. 

1869. Exeter Br. H. Debus, F.R.S. ......... Prof. A. Crurh Brown, Br. W. J. 

Russell, Dr. Atkinson. 

1870. Liverpool... Prof. H. B. Roscoe, B. A., Prof. A. Crum Brown, A. ET Fletcher, 

F.R.>S. Dr. W. J. Russell. 

1871. Edinburgh Prof. T. Andrews, M.D.,F.R.S. J. Y. Buchanan, W. N. Hartley, T, 

E. Thorpe. 

1872. Brighton ... Dr. J. H. Cdadstone, F.R.S.... Dr. Mills, W. Chandler Robert^ Dr. 

W. J. Russell, Dr. T. Wood. 

1873. Bradford ... Prof. W. J. Russell, F.R.S.... Dr. Armstrong, Dr, Mills, W. Chand- 

ler Roberts, Dr. Thorpe. 

1874. Belfast Prof. A. Crum Brown, M.D., Dr. T. Cranstoun Charles, W. Chand- 

P.R.S.E. i ler .Roberts, Prof. Thorpe. 

1875. Bristol A. Gr. Yernon Harcourt, M.A.,’Dr. H. E. iVrmstronff, W. Chandler 

F.R.S. Roberts, W. A. Tilden. 

1876. Glasgow ... W. H, Perkin, F.R.S W. Dittmar, W. Chandler Roberts, 

J. M. Thomson, W. A. Tilden. 

1877. Plymouth... F. A. Abel, F.R.S.......... Dr. Oxland, W. Chandler Roberts, 

J. M. Thomson. 

1878. Dublin Prof. Maxwell Simpson, M.D., W. Chandler Roberts, J. M. Thom- 

F.R.S. son. Dr. 0. R. Tichborne, T. Wills. 

1879. Sheffield ... Prof. Dewar, M.A., F.R.S. ... H. S. Bell, W. Chandler Roberts, 

J. M. Thomson. 


1880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 

1885. Aberdeen... 

1886. Birmingham 

1887. Manchester 

1888. Bath.. 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinbuxgh 

1893. Nottingham 

1894. Oxford 


Joseph Henry Gilbert, Ph.D., P. P. Bedson, H. B. Dixon, W. R. E. 

F.R.S. Hodgkinson, J. M. Thomson. 

Prof.A.W. Williamson, F.R.S. P. P. Bedson, H. B. Dixon, T. Gough. 
Prof. G. D. Liveing, M.A., P. Phillips Bedson, H. B. Dixon, 
F.R.S. J. L. Notter. 

Dr. J. H. Gladstone, F.B.S... Prof. P. Phillips Bedson, H. B. 

Dixon, H. Forster Morley. 

Prof. Sir H. E Roscoe, Ph.D., Prof. P. Phillips Bedson, H. B. Dixon, 
LL.D., F,R.S, T. McFarlane, Prof. W. H. Pike. 

Prof. H. E. Armstrong, Ph.D., Prof. P. Phillips Bedson, H. B. Dixon, 
F.R.S., Sec. O.S. H. Iforster Morley, Dr. W. J, 

Simpson. 

W. Crookes, F.R.S., Y.P.C.S. P. P, Bedson, H, B. Dixon, U. F. Mor- 
ley ,W.W. J.Nicol, 0. J. Woodward, 

Dr. E. Sohunck, F.R.S Prof. P. Phillips Bedson, H. Forster 

Morley, W. Thomson. 

Prof. W. A. Tilden, D.Sc., Prof. H. B. Dixon, H. Forster Morley, 

F. R.S., Y.P.C.S. R. E. Moyle, W. W. J. Nicol. 

Sir 1. Lowthian Bell, Bart., H. Forster Morley, D. H. Nagel, W. 

D.O.L., F,R.S. W. J. Nicol, H. L. Pattinson, iun. 

Prof. T. B. Thorpe, B.So., 0. H. Bothamley, H, Forster Morley, 
Ph.D., F.R.S., Treas. G.S. D. H. Nagel, W. W. J. Nicol. 

Prof, W. C. Roberts- Austen, O.H. Bothamley, H. Forster Morley, 

G. B., F.R.S. W. W. J. Nicol, G. S. Turpin. 

Prof. H. McLeod, F.R.S.. J. Gibson, H. Forster Morley, D. H. 

^ ^ , Nagel, W. W. J. Nicol. 

Prof. J, Emerson Reynolds, J. B. Ooleman, M. J. R. Dunstan, 
M.D., D.Sc., B\R.S. j D. H. Nagel, W. W. J. Nicol. 

Prof,H.B.Dixon,M.A.,F.R.S.!A. Colefax, W. W. Fisher, Arthur 
i Harden, H, Forster M orley. 
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• SECTION B {continued), — chemistry. 

1895. Ipswich ... Prof. R. Meldola, F.R.S E. H. Fison, Arthur Harden, C. A 

• Kohn, J. W. Rodger. 

1896. Liverpool... Dr. Ludwig Mond, F.R.S. ... Arthur Harden, C. A, Kohn. 

1897. Toronto ... Prof. W, Ramsay, F.R.S Prof. W. H. Ellis, A. Harden, 0. A. 

Kohn, Prof. R. F. Ruttan. 

1898. Bristol Prof. F. R. Japp, F.R.S 0. A. Kohn, F. W. Stoddart, T. K. 

Rose. 

1899. Dover Horace T. Brown, F.R.S A. D. Hall, C. A. Kohn, T. K. Rose, 

• Prof. W. P. Wynne. 

1900?*^ Bradford ... Prof. W. H. Perkin, F.R.S W. M. Hardner, F. S. Kipping, W. 

J. Pope, T. K. Rose. 

1901. Glasgow ... Prof. Percy F. Frankland, W. C. Anderson, G. G. Henderson, 

^ F.R.S. W. J. Pope, T. K. Rose. 

1902. Belfast Prof. E. Divers, F.R.S...., R. F. Blake, M. 0. Forster, Prof. 

G. G. Henderson, Prof. W. J. Pope. 

1903. Southport Prof. W. N. Hartley, D.Sc., Dr. M. 0. Forster, Prof. G. G. Hen- 

F.R.S. derson, J. Ohm, Prof. W. J. Pope. 

1904. Cambridge Prof. Sydney Young, F.R.S..,. Dr, M. 0. Forster, Prof. G. G. Hen- 

derson, Dr. H. 0. Jones, Prof. W. 
J. Pope. 

1905. South Africa George T. Beilby W. A. Caldecott, Dr. M. 0. Forster, 

Prof. G. G. Henderson, C.F. Juritz. 

1906. York Prof. Wyndham R. Dunstan, Dr. E. F. Armstrong, Prof. A.W.Cross- 

F, R.S. ley, S. H. Davies, Prof. W. J. Pope. 

1907. Leicester... Prof. A. Smithells, F.R.S. ... Dr. B. F. Armstrong, Prof. A. W. 

Crossley, J. H. Hawthorn, Dr. 
F. M. Perkin. 

1908. Dublin Prof. F. S. Kipping, F.R.S. ... Dr. E.B\Armstrong, Dr. A. McKenzie, 

Dr. F. M. Perkin, Dr. J. H. Pollock. 

1909. Winnipeg. . . Prof, H. E. Armstrong, F.R.S. Dr. E. F. Armstrong, Dr. T. M. Lowry, 

Dr. F. M, Perkin, J. W. Shipley. 

1910. Sheffield ... J. E. Stead, F.R.S Dr. B. F. Armstrong, Dr. T. M. 

Lowry, Dr. F. M. Perkin, W. B. S. 
Turner. 

Sihh- section of Agrimlture, k. Dr. C. Crowther, J. Golding, Dr. E. 
D, Hall, F.R.S J. Russell 

GEOLOGICAL (and, until 1861, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OP SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford R. I. Murchison, B\R.S. ...... i John Taylor. 

1833. Cambridge G. B. Greenough, F.R.S, ...... | W. Lonsdale, John Phillips. 

1834. Edinburgh Prof. Jameson IJ. Phillips, T. J. Torrie, Rev. J. Yates. 

SECTION C. — GEOLOGY AND GEOGRAPHY. 

1835. Dublin I R. J. Griffith Captain Portiook, T. J. Torrie. 

1836. Bristol Rev. Dr. Buckland, F.R.S.-— William Sanders, S. Stutchbury, 

6^tfflr^.,RJ.Murchison,F.R.S. T. J. Torrie. 

1837. Liverpool... Re v.*Prof. Sedgwick, F.R.S.— Captain Portlock, R. Hunter.— 

^^fl|j 7 .,G.B.Greenough, F.R.S. graphy^ Capt. H. M. Denham, R.N. 

1838. Newcastle., 0, Lyell, F.R.S., Y.P.G.S.— W. 0. Trevelyan, Capt. Portlock.— 

OeogTophy,, Lord Prudhoe. Q-cogmplvy^ Capt. Washington. 

1839. Birmingham Rev. Dr. Kuckland, F.R.S. — George Lloyd, M.D., H. B. Strick- 

^dtfi^.jG.B.Greenough, F.R.S. land, Charles Darwin. 

1840. Glasgow ... Oharies Lyell, ’F.R.S.— W. J. Eamil ton, D. Milne, H. Murray, 

G. B. Greenough, F.R,S, H. E. Strickland, J. Scoular. 

1841. Plymouth... H. T. Dela Beche, F.R.S. ... W.J. Hamilton, Ed ward Moore, M.D., 

R. Hutton. 

1842. Manchester R. I. Murchison, F,R,S. ...... E. W. Binney, R. Hutton, Dr. R. 

Lloyd, H. B. Strickland. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Bate and Place 


Presidents 


Secretaries 


1843. Cork 

1844. York 

1845. Cambridge 

1846. Southamp- 
ton. 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh^ 


Richard E. Griffith, F.R.S. 
Henry Warburton, Pres. G. S. 
Rev. Prof. Sedgwick, M.A. 

E. R.S. 

Leonard Horner, F.R.S 

"Very Rev.Dr.Buckland,P.R.S. 

Sir H. T. Be la Beche, F.R,S.| 
Sir Charles Lyell, F.E.S 

Sir Roderick I. Murchison, 

F. R.S. 


F. M. Jennings, H. E. gtrickland. 
Prof. Ansted, E. H. Bunbury. 

Rev. J, C. Cumming, 0. Ramsay, 
Rev. W. Thorp. 

Robert A. Austen, Br. J. H. Norton, 
Prof. Oldham, Dr. 0. T. Beke. 
Prof. Ansted, Prof. Oldham, A. 0. 

Ramsay, J. Buskin. 

S.Benson,Prof. Oldham, Prof. Ram say 
J. B. Jukes, Prof. 01dhan% A. 0. 
Ramsay. 

A. Keith Johnston, Hugh Mller, 
Prof. Nicol. 


1851. Ipswich ... 

1852. Belfast 

1853. Hull 

1854. Liverpool... 

1855. Glasgow ... 

1856. Cheltenham 

1857. Dublin 

1858. Leeds ...... 

1859. Aberdeen,.. 

1860. Oxford 

1861. Manchester 
18G2. Cambridge 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter ...... 

870. Liverpool... 

1871. Edinbxu^h 
1873. Brighton... 
1873. Bradford ... 


SECTION c {contimied). — geology. 


W'illiamHopkins,M.A., F.R.S. j 

Lieut. -Col. Portlock, R.E., 

F.R.S. 

Prof. Sedgwick, F.R.S 

Prof, Edward Forbes, F.R.S. 

Sir R. I. Murchison, F.R.S.... 
Prof. A. 0. Ramsay, F.R.S.... 


The Lord Talbot de Malahide 

William HojDkmSjM. A., F.R.S. 

Sir Charles Lyell, LL.B., 
D.C.L., F.R.S. 

Rev. Prof. Sedgwick, F.R.S... 

Sir R. I. Murchison, B.C.L., 
LL.B., F.R.S. 

J. Beete Jukes, M.A., F.R.S. 

Prof. Warington W. Smyth, 
F.R.S., F.G.S. 

Prof. J. Phillips, LL.B., 
F.R.S., F.G.S. 

Sir R. I. Murchison, Bart., 
K.C.B., F.R.S. 

Prof. A. 0. Ramsay, LL.B., 
F.R.S. 

Archibald Geikie, F.R.S 

R. A. C. Godwin-Austen, 
F.R.S., F.G.S. 

Prof. R. Harkness, F.R.S., 
F.G.S. 

Sir Philip de M.Grey Egerton, 
Bart., M.P., F.R.S. 

Prof. A. Geikie, F.R.S., F.G.S. 

R. A. O. Godwin-Austen, 
F.R.S-, F.G.S. 

Prof. J. Phillips, F.R.S 


0. J. F. Bunbury, G. W. Ormerod, 
Searles»Wood. 

James Bryce, James ^MacAdam, 
Prof. M'Goy, Prof. Nicol. 

Prof. Harkness, William Lawton. 
John Cunningham, Prof. Harkness, 

G. W. Ormerod, J. W. Woodall. 

J. Bryce, Prof. Harkness, Prof. Nicol. 
Rev. P. B. Brodie, Rev. R. Hep- 

worth, Edward Hull, J. Scougall, 
T. Wright. 

Prof. Harkness, G. Sanders, R. H. 
Scott. 

Prof. Nicol, H. 0. Sorby, E. W. Shaw. 
Prof. Harkness, Rev. J. Longmuir, 

H. 0. Sorby. 

Prof. Harkness, E. Hull, J, W. 
Woodall. 

Prof. Harkness, Edward Hull, T. 

Rupert Jones, G. W- Ormerod. 
Lucas Barrett, Prof. T. Rupert 
Jones, H. C. Sorby. 

E, F. Boyd, John Baglish, H. C. 

Sorby, Thomas Sopwith, 

W. B. Dawkins, J. Johnston, H. 0. 

Sorby, W. Pengelly. 

Rev. P. B. Brodie, J. Jones, Rev. E, 
Myers, H. 0, Sorby, W. Pengelly. 
R. Etheridge, W. Pengelly, T. Wil- 
son, G. H. Wright. 

E. Hull, W. PengelljjjH^ Woodward. 
Rev. 0. Fisher, Rev. J. Gunn, W. 

Pengelly, Rev. H. H. Winwood. 
W. Pengelly, W. Boyd Dawkins 
Rev. H, H. Winwood. 

W. Pengelly, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Mort on. 
R. Etheridge, J. Geikie, T. McKenny 
Hughes, L. 0. Miall. 

L.-C. Miall, George Scott, William 
ToplejjJHenry Woodward, 

L. 0. Miall,R.H. Tiddeman,W . Topley 


* Geography was constituted a separate Section, see page Ixxix. 
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Date and Place Presidents Secretaries 

1874. Belfast Prof. Hull, M.A., F.R.S., F, Drew, L. C. Miall, R. G. Symes, 

F.G.S. R. H. Tiddeman. 

1875. Bristol Dr. T. Wright, F.R.S.E.,F.G.S. L. C. Miall, E. B.Tawney,W.Topley. 

1876. Glasgow Prof. John Young, M.D J. Armstrong, F, W. Rudler, W. 

Topley. 

1877. Plymouth... W. Pengelly, F.R.S., F.G.S. Dr. Le Neve Foster, E. H. Tidde- 

man, W. Topley. 

1878. Dublin John Evans, D.O.L., F.R.S. B. T. Hardman, Prof. J. O’Reilly, 

F.S.A., F.G.S. R. H. Tiddeman. 

1879. Sheffield ... Prof, P. M. Duncan, F.R.S. W. Topley, G. Blake Walker. 

I88i0. Swansea ... H. C. Sorby, F.R.S,, F.G.S.... W. Topley, W. Whitaker, 

1881. York A. 0. Ramsay, LL.D., F.R.S., J. E. Clai*k, W. Keeping, W. Topley, 

F. G.S. W. Whitaker. 

1882. Southamp- R. Etheridge, F.R.S., F.G.S. T. W. Shore, W. Topley, E. West- 

” ton. lake, W. Whitaker. 

1883. Southport Prof. W. C. Williamson, R. Betley, 0. E. De Ranee, W. Top- 

LLfD., F.R.S. ley, W. Whitaker. 

1884. Montreal ... W. T. Blanford, F.R.S , Sec. F. Adams, Prof. E. W. Claypole, W. 

G. S. Topley, W. Whitaker. 

1885. Aberdeen ... Prof. J. W. Judd, F.R.S., Sec. 0. E. De Ranee, J. Horne, J. J. H. 

G.S. Teall, W. Topley. 

1886. Birmingham Prof. T. G. Bonney, D.Sc., W. J. Harrison, J. J. H. Teall, W. 

LL.D., F.R.S., F.G.S. Topley, W. W. Watts. 

1887. Manchester Henry Woodward, LL.D., J. E. Marr, J. J. H. Teall, W. Top- 

F.R.S., F.G.S. ley, W. W. Watts. 

1888. Bath Prof. W. Boyd Dawkins, M. A., Prof G. A. Lebour, W. Topley, W 

F.R.S., F.G.S. ' W. Watts, H. B. Woodward. 

1889. Newcastle- Prof. J. Geikie, LL.D., D.C.L., Prof. G. A. Lebour, J. E. Marr, W. 

upon-Tyne F.R.S., F.G.S. W. Watts, H. B, Woodward. 

1890. Leeds Prof. A. H. Green, M.A., J. B. Bedford, Dr. F. H. Hatch, J. 

P.R.S., F.G.S. E. Marr, W. W. Watts. 

1891. Cardiff Prof. T. Rupert Jones, F.R.S., W. Galloway, J. E. Marr, Clement 

F.G.S. Reid, W. W. Watts. 

1892. Edinburgh Prof. 0. Lapworih, LL.D., H. M. Cadell, J. E. Marr, Clement 

F.R.S., F.G.S. Reid, W. W. Watts. 

1893. Nottingham J. J. H. Teall, M.A., F.R..^., J. W. Carr, J. E. Marr. Clement 

F.G.S. Reid, W. W. Watts. 

1894. Oxford L. Fletcher, M.A., F.R.S. ... F. A. Bather, A. Plarker, Clement 

Reid, W. W. Watts. 

1895. Ipswich ... W. Whitaker, B. A., F.R.S. ... F. A. Bather, G. W. Lamplugh, H, 

A. Miers, Clement Reid. 

1896. Liverpool... J, E. Marr, M.A., F.R.S J. Lomas, Prof. H. A. Miers, 0. Reid. 

1897. Toronto ... Dr, G, M, Dawson, C.M.G., Prof . A. P. Coleman, G. W. Lamp- 

F.R.S. lugh, Prof. H. A. Miers. 

1898. Bristol W. H. Hudleston,F.R,S G. W. Lamplugh, Prof. H. A. Miers, 

^ , H. Pentecost. 

1899. Dover Sir Archibald Geikie, F.R.S. J. W. Gregorys G. W. Lamplugh, 

Capt. McDakin, Prof. H. A. Miers. 

1900. Bradford ... Prof. W. J. Sollas, P.R.S. ... H. L. Bowman, Rev. W. L. Carter, 

G. W, Lamplugh, H. W. Monckton. 

1901. Glasgow ... John Horne, F.R.S H. L. Bowman, H. W. Monckton. 

1902. Belfast...... Lieut.-Gen. 0. A. McMahon, H. L. Bowman, H. W. Monckton, 

P.R.S. • J. St. J. Phillips, H. J. Seymour. 

1903. Southport Prof. W. W. Watts, M.A., H, L. Bowman, Rev. W. L. Garter, 

M.Sc, ' J. Lomas, H. W. Monckton. 

1904. Cambridge Aubr^ Strahan, F.R.S H. L. Bowman, Rev. W. L. Carter, 

J. Lomas, H. Woods. 

1905. SouthAfrica Prof. H. A. Miers, M.A., D.Sc., H. L. Bowman, J. Lomas, Dr. Molen- 

F.R,S. graaff, Piof. A. Young, Prof. R, B. 

Young. 
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Date and Place Presidents Secretaries 

1906. York G. W. Lamplugh, F.B.S H. L. Bowman, Eev. W. L, Carter, 

Rev. W. Johnson, J. Lemas. 

1907. Leicester... Prof. J. W. Gregory, F.B.S... . Dr. F. W. Bennett, Rev. W. L. Carter, 

Prof. T. Groom, J. Lotnas. 

1908. Dublin Prof. John Joly, P.R.S Rev. W, L. Carter, J. Lomas, Prof. 

S. H. Reynolds, H. J. Seymour. 

1909. Winnipeg... Dr. A. Smith Woodward, W. L. Carter, Dr. A. R. Dwerryhouse, 

P.E. S. R T.Hodgson, Prof. S. M. Reynolds. 

1910. Sheffield ... Prof. A. P. Coleman, F.R.S... W. L. Carter, Dr. A. R. Dwerryhouse, 

• B, Hobson, Prof. S. H. Reynolds, 

BIOLOGICAL SCIENCES. 

COMMITTEE OP SCIENCES, lY. — ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford :Rev. P. B. Duncan, F.G.S. ...jRev. Prof. J. S. Henslow. 

1833. Cambridge * I Rev. W.L. P. Garnons, F.L.S. 'C. C. Babington, D. Don. 

1834. Edinburgh ; Prof, Graham IW. Yarrell, Prof. Burnett. 

SECTION D. — ZOOLOGY AND BOTANY. 

1835. Dublin iDr. Allman.... 1 J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow J. Curtis, Prof. Don, Dr. Riley, S. 

Rootsey. 

1837. Liverpool... W. S. MacLeay 0. C. Babington, Rev. L. Jenyns, W. 

Swainson. 

1838. Newcastle Sir W. Jardine, Bart J. E. Gray, Prof. Jones, R. Owen, 

Dr. Richardson. 

18»39. Birmingham Prof. Owen, F.R.S .'B. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth... John Richardson, M.D,,F.R.S. J.Couch,Dr.Lankester,R. Patterson* 

1842. Manchester Hon. and Very Rev. W. Her- Dr. Lankester, R. Patterson, J. A. 

bert, LL.D., F.L.S. Turner. 

1843. Cork William Thompson, F.L,S. ... G. J. Allman, Dr. Lankester, R. 

Patterson. 

1844. York Very Rev. the Dean of Man- Prof. Allman, H. Goodsir, Dr. King, 

Chester. Dr. Lankester. 

1846. Cambridge Rev. Prof. Henslow, F.L.S.... Dr. Lankester, T. Y. Wollaston. 

1846. Soutbamp- Sir J. Richardson, M.D., Dr. Lankester, T. V. Wollaston, H. 

ton. F,R.S. Wooldridge. 

1847. Oxford H. E. Strickland, M,A., F.R.S. Dr. Lankester, Dr. Melville, T. V. 

Wollaston. 

SECTION D {continued), — ZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 

[[For the Presidents and Secretaries of the Anatomical and Physiological Sub- 
sections and the temporary Section E of Anatomy and Medicine, see p^. Ixxviii.] 

1848. Swansea ...jL. W. Dillwyn, F,R.S. ......... Dr. R. Wilbraham Falconer, A. Hen- 

I frey, Dr. Lankester. 

1849. Birmingham William Spence, F.R.S . Dr. Lankester, Dr. Russell. 

1860. Edinburgh Prof. Goodsir, F.R.S., F.R.S.E. Prof. J. H. Bennett, M.D., Dr. Lan- 

kester, Dr. Douglas Maclagan. 

1861. Ipswich ...Rev. Prof. Henslow, M. A., Prof. Allman, F.W. Johnston, Dr. E. 

F,R.S. Lankester. 

1852. Belfast. W. Ogilby Dr. Dickie, George 0. Hyndman, Dr, 

Edwin Lankester. 

1863. Hull C. C. Babington, M. A., F.R.S. Robert Haririson, Dr. E, Lankester. 

* At this Meeting Physiology and Anatomy were made a separate Committee, 
for Presidents and Secretaries of which see p. Ixxviii. 
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Date and Place 

1854. Liverpool... 

1855. Glasgow ... 
1866. Cheltenham 

1857. Dublin 

1868. Leeds ...... 

1859. Aberdeen... 

186(1? Oxford 

1861. Manchester 

^1862. Cambridge 

1863. Newcastle 

1864. Bath 

1865. Birming- 

ham.* 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh. 

t • 

1872. Brighton ... 

1873. Bradford 


Ixxv 


Presidents 


Prof. Balfour, M.D., F.R.S.... 
Rev. Dr. Fleeming, F.R.S.E. 
Thomas Bell, F.R.S., Pres.L.S. 

Prof. W. H. Harvey, M.D., 
F.R.S. 

0. C. Babington, M.A., F.R.S. 

Sir W. Jardine, Bart., F.R.S.E. 

Rev. Prof. Henslow, F.L.S.... 

Prof. C. C. Babington, F,R.S. 

Prof. Huxley, F.R.S 

Prof. Balfour, M.D., F.R.S.... 

Dr. "John E. Gray, F.R.S. ... 

T. Thomson, M.D., F.R.S. ... 


SECTION D (continued) 

Prof. Huxley, F.R.S.— 
of PhydoL^ Prof. Humphry, 
F.R.S. — Pejp. of Ant]iTa 2 )ot, 
A. R. Wallace. 

Prof. Sharpey, M.D., Sec. R.S. 
— De^. of Zoot and 
George Busk, M.D., F.R.S. 

Rev. M. J. Berkeley, F.L.S. 
— Dep> of Physiology^ W. 
H. Flower, F.R.S. 

George Busk, F.R,S., P.L.S. 
— of Pot. and Zool., 
C. Spence Bate, F.R.S.— 
Pep. of Pthno.j E. B. Tylor. 

Prof. G. Rolicston, M. A., M.D., 
F.R.S., F.L.S.-.i>.y. of 
Anat. and P%wZ,,Prof.M. 
Foster, M.D., F.L.S. — Pep. 
of MJino.i J. Evans, F.R.S. 

Prof. Allen Thomson, M.D., 
F.R.S. — Pep. if Pot. and 
ir<?<?Z.,Prof . Wy vilieThomson, : 
F.R.S. — Pep. of Anthropol.^ 
Prof. W. Turner, M.D. 

Sir J. Lubbock, Bart., F.R.S. — 
Pep. of Anat. and Physiol., 
Dr. Burdon Sanderson, 
F.R.S. — Pep. of Antliropol., 
Col. A. Lane Fox, F.G.S. 

Prof. Allman, F.R.S. — Pep. of 
Aiiat.andPhydol.,'?xot. Ru- 
tiierfoxd, M.D.— ofAn- 
ihropol.. Dr. Beddoe, F.R.S. 


Secretaries 


Isaac Byerley, Dr. E. Lankester. 
William Keddie, Dr. E. Lankester. 
Dr. J. Abercrombie, Prof. Buckman, 
Dr. E. Lankester. 

Prof. J. R. Kinahan, Dr. E. Lankester, 
Robert Patterson, Dr, W. E. Steele. 
Henry Denny, Dr. Heaton, Dr. E. 

Lankester, Dr. B. Perceval Wright. 
Prof. Dickie, M.D., Dr. E. Lankester, 
Dr. Ogilvy. 

W. S. Church, Dr. E. Lankester, P. 

L. Sclater, Dr. E. Perceval Wright. 
Dr. T. Alcock, Dr. E. Lankester, Dr 

P. L. Sclater, Dr. E. P. Wright. 
Alfred Newton, Dr. E. P. Wright. 

Dr. E. Charlton, A. Newton, Rev. H. 

B. Tristram, Dr. E. P. Wright. 

H. B. Brady, C. E. Broom, H. T. 

Stainton, Dr. E. P. Wright. 

Dr. J. Anthony, Rev. C. Clarke, Rev. 
H. B. Tristram, Dr. E. P. Wright. 

. — BIOLOGY. 

Dr. J. Beddard, W. Felkin, Rev. H. 

B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright. 

C. Spence Bate, Dr. S. Cobbold, Dr. 

M. Foster, H. T. Stainton, Rev, 
H. B. Tristram, Prof. W. Turner. 

Dr. T. S. Cobbold, G. W. Firth, Dr. 
M. Foster, Prof. Lawson, H. T. 
Stainton, Rev. Dr. H. B. Tristram, 
Dr. E. P. Wright. 

Dr. T. S. Cobbold, Prof. M. Foster, 
E. Ray Lankester, Prof, Lawson, 
H, T. Stainton, Rev. H, B. Tris- 
tram. 

Dr. T. S. Cobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H. 
T. Stainton, Rev. H. B. Tristram, 

C, Stanilaiid Wake, E. Ray Lan- 
keste^r. 

Dr. T. R. Fraser, Dr. Artliur Gamgee, 
E. Ray Lankester, Prof. Lawson, 
H. T. Stainton, C. Staniland Wake, 
Dr. W. Rutherford, Dr. Kelbuiiie 
King. 

Prof. Thiselton-Dyer, H. T. Stainton, 
Prof. Lawson, F. W. Rudler, J. H. 
Lamprey, Dr. Gamgee, E. Ray 
Lankester, Dr. Pye- Smith. 

Prof. Tbisel ton- Dyer, Prof. Lawson, 
R, M^Lachlan, Dr. Pye-Smitb, E, 
Ray Lankester, F. W. Rudler, J . 
H. Lamprey. 


The title of Section D was changed to Biology. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 

1874. Belfast 

1875. Bristol 

1876. G-lasgow ... 

3 877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 

3880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal*... 
1885* Aberdeen... 

1886. Birmingham 

1887. Manchester : 


Presidents 


Prof. Redfern, M.D. — Dep. of 
Zool. and Bot.^ Dr. Hooker, 
G.B.yPres.R.S. — JDep, ofAn- 
throp.^ Sir W. R. Wilde, 

M.D. 

P. L. Sclater, F.R.S.— 

Anat, and PhydoLi Prof. 
Cleland, F.R.S. — Bep. of 
.4;if7i.,Prof.Rolleston,P.R,S. 
A. Russel Wallace, F.L.S. — 
J)ep. of Zool. and Bot., 
Prof. A. Newton, F.R.S. — 
Bep, of Anat, and Physiol.^ 
Dr. J. Gr. McKendrick. 

J. Gwyn Jeffreys, F.R.S. — 
Bep. of Anat. and PTiydol.y 
Prof. Macalister. — Bep. of 
A;A^7^7•^>^;^>Z.,F.Galton, F.R.S. 
Prof. W. H. Floyrer, F.R.S.— 
Bep. of Aniliropol.^ Prof. 
Huxley, Sec. R.S. — Bep. 
of Anat. and Phydol., R. 
McDonnell, M.D., F.R.S. 
Prof. St, George Mivart, 
F.R.S.— of Anthropol.^ 

E. B. Tylor, D.C.L., P'.R.S. 
— Bep. of Anat. and Pky- 
siol.^ Dr. Pye- Smith. 

A. 0. L. Gunther, P.R.S. — Bep. 
of Anat. 4" Physiol., F. M. 
Balfour, F.R.S. — Bep. of 
Antliropol., F. W. Rudler. 

R. Owen, F.R.S.— 
throjwl.. Prof. W.H. Flower, 

F. R.S. — Bep. of Anat. and 
PkyM., Prof. J, S. Burdon 
Sanderson, F.R.S. 

Prof. A. Gamgee, M.D., F.R.S. 
— Bep. of. Zool. and Bot., 
Prof. M. A. Lawson, F.L.S. 
— Bej). of Anthropol., Prof. 
W. Boyd Dawkins, F.R.S. 
Prof. E. RayLankester,M.A., 
F.R.S. — Bep. of Anthropol.,\ 
W. Pengelly, F.R.S. | 
i 

Prof. H. N. Moseley, M.A.,' 
F R S 

Prof. W. C. M‘Intosh, M.D., 
LL.D., F.R,S., F.R.S.B* 

W. Oarruthers, Pres. L.S,, 
F.R.S., F.G.S. 

Prof. A. Newton, M.A., F,R.S., 
F.L.S., v.p.z:.s. 


Secretaries 


W. T. Thiselton-Dyer, R. Q. Cunning- 
ham, Dr. J. J. Charles, Dr. P. H. 
Pye- Smith, J. J. Mujphy, F. W, 
Rudler. 

E. R. Alston, Dr. McKendrick, Prof. 
W. R. M^Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye-Smitb, Dr. 
W. Spencer. 

E. R. Alston, Hyde Clarke^ Dr. 
Knox, Prof. W. R. M‘Nab, Dr. 
Muirhead, Prof. Morrison Wat- 
son. 

B. R. Alston, F. Brent, Dr. D. J.- 
Cunnineiiam, Dr. C. A. Kingston, 
Prof. W. R. M‘Nab, J. B. Rowe, 

F. W. Rudler. 

Dr. R. J. Harvey, Dr. T. Hayden, 
Prof. W. R. M‘Nab, Prof. J, M. 
Purser, J. B. Rowe, F. W. Rudler. 


Arthur Jackson, Prof, W. E. M*Nab, 
J. B. Rowe, F. W. Rudler, Prof. 
Schafer. 


G. W. Bloxam, John Priestley, 
Howard Saunders, Adam Sedg- 
wick. 

G. W. Bloxam, W. A. Forbes, Rev. 
W. 0. Hey, Prof. W. R. M‘Nab, 
W. North, John Priestley, Howard 
Saunders, H. B. Spencer. 

G. W. Bloxam, W. Heapo, J. B. 
Nias, Howard Saunders, A. Sedg- 
wick, T. W. Shore, jun. 


G. W. Bloxam, Dr. G. J. Haslam, 
W. Heape, W. Hurst, Prof. A. M. 
Marshall, Howard Saunders, Dr, 

G. A. Woods. 

Prof. W. Osier, Howard Saunders, 
A. Sedgwick, Prof. R. R. Wright. 
W. Heape, J. McGregor-Robertson, 
J. Duncan "Matthews, Howard 
Saunders, H, Marshall Ward. 
Prof. T. W. Bridge, W. Heape, Prof. 
W. Hillhouse, W. L. Sclater, Prof. 

H. Marshall Ward, 

C. Bailey, F. B. Beddard, S. F. Har- 
mer, W. Heape, W. L. Sclater, 
Prof. H. Marshall Ward. 


Anthropology was made a separate Section, see p. Ixxxv. 
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Date and Place 

1888. Bath 

1889. Newcastle - 

upoli-Tyne 

1890. Deeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham' 

1894. Oxford* ... 

1895. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 

1898. Bristol. .... 

1899. Dover 

1900 Bradford... 

1901. G-lasgow ... 

1902. Belfast 

1903. Southport 

1904. Cambridge 

1906. SouthAfrica 

1906. York 

1907. LScester-. 

1908. Dublin...... 

1909. Winnipeg... 

1910. Sheffield ... 


Presidents 


Secretaries 


W. T. Thiselton-Dyer, C.M.G., 
F.R.S., F.L.S. 

Prof. J. S. Biirdon Sanderson, 
M.A., M.D., F.R.S. 

Prof. A. Milnes Marshall, 
M.A., M.D., D.Sc., F.R.S. 

Francis Darwin, M.A., M.B., 
F.R.S., F.L.S. 

Prof. W. Rutherford, M.D., 
F.R.S., F.R.S.E. 

Rev. Canon H. B. Tristram, 
M.A., LL.D., F.R.S. 

Prof. I. Bayley Balfour, M.A., 
F.R.S. 


F. E. Beddard, S. F. Harmer, Prof. 
H. Marshall Ward, W. Gardiner. 
Prof. W. D. Halliburton. 

C. Bailey, F. E. Beddard, S. F. Har- 
mer. Prof. T. Oliver, Prof. H. Mar- 
shall Ward. 

S. F. Harmer, Prof. W. A. Herdman, 
S. J. Hickson. F. W. Oliver H. 
Wager, H. Marshall Ward. 

F. E. Beddard, Prof. W. A. Herdman, 
Dr. S. J. Hickson, G. Murray, Prof. 
W. N. Parker, H, Wager. 

G. Brook, Prof. W. A. Herdman, G. 
Murray, W. Stirling, H. Wager. 

G. C. Bourne, J. B. Farmer, Prof. 
^ W. A. Herdman, S. J. Hickson, 
W. B. Ransom, W. L. Sclater. 

W. W. Benham, Prof. J. B. Farmer, 
Prof. W. A. Herdman, Prof. S. J. 
Hickson, G. Murray, W. L. Sclater. 


SECTION D (C 07 ltimted). — zoology. 


Prof. W. A. Herdman, F.R.S. 

Prof. E. B. Poulton, F.R.S. ... 

Prof. L. 0. Miall, F.R.S 

Prof. W. F. R. Weldon, F.B.S. 

Adam Sedgwick, F.R.S 

Dr. R. H. Traquair, F.R.S. ... 

Prof. J. Cossar Ewart, P,R.S. 
Prof. G. B. Howes, F.R.S. ... 

Prof. S. J. Hickson, F.R.S — 

W llliam Bateson, F.R.S 

G. A. Boulenger, F.R.S. 

J. J. Lister, F.R.S 

Dr. W. E. Hoyle, M.A 

Dr. S. F. Harmer, F.R.S 

Dr. A. E, Shipley, F.R.S. 
Prof. a. C. Bourne, F.R.S. ... 


G. C. Bourne, H. Brown, W. E. 
Hoyle, W. L. Sclater. 

H. 0. Forbes, W. Garstang, W. E. 
Hoyle. 

W. Garstang, W. B. Hoyle, Prof. 
E. E. Prince. 

Prof. R. Boyce, W. Garstang, Dr. 

A. J, Harrison, W. E. Hoyle. • 

W. Garstang, J. Graham Kerr. 

W. Garstang, J. G. Kerr, T. H. 

Taylor, Swale Vincent. 

J. G. Kerr, J. Rankin, J. Y. Simpson. 
Prof. J. G. Kerr, R. Patterson, J. Y, 
Simpson, 

Dr. J. H. Ashworth, J. Barcroft. A. 
Quayle, Dr. J. Y. Simpson, Dr, 
H. W. M. Tims. 

Dr. J H. Ashworth, L. Doncaster, 
Prof. J. Y. Simpson, Dr. H. W. M. 
Tims. 

Dr. Pakes, Dr. Purcell, Dr. H, W. M. 

Tims, Prof. J. Y. Simpson. 

Dr. J. H. Ashworth, L, Doncaster, 
Oxley Grabham, Dr. H.W. M. Tims. 
Dr. J. H. Ashworth, L. Doncaster, 

B. E. Lowe, Dr. H. W. M. Tims. 
Dr. J. H. Ashworth, L. Doncaster, 

Prof. A. Fraser, Dr. H. W. M. Tims 
0. A. Baragar, C. L. Boulenger, Dr, 
J. Pearson, Dr. H. W. M. Tims. 

Dr. J. H, Ashworth, L. Doncaster, 
I T. J. Evans, Dr. H. W. M. Tims. 


' Physic3.ogy was made a separate Section, see p. Ixxzvi. 
* The title of Section D was changed to Zoology. 
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PRESIDENTS AJTD SECRETARIES OF THE SECTIONS. 


Date and Place | Presidents Secretaries 


ANATOmOAL AND PHYSIOLOGICAL SCIENCE^. 

COMMITTEE OF SCIENCES, V. — ANATOMY AND PHYSIOLOGY. ^ 

1833. Cambridge jDr. J. Haviland H. J. H. Bond, Mr. G. E. Paget. 

1834. Edinburgh I Dr. Abercrombie jDr. Roget, Dr. William Thomson, 

SECTION E (until 1847). — ANATOMY AND MEDICINE. 

1835. Dublin jDr. J. G. Pritchard Dr. Harrison, Dr. Hart. 

1836. Bristol I Dr. P. M. Roget, F.R.S Dr. Symonds. • 

1837. Liverpool... I Prof. W. Clark, M.D Dr. J. Carson, jun., James Long, 

I Dr. J. E. W. Vose. 

1838. Newcastle IT. E. Headlam, M.D T. M. Greenhow, Dr. J. B. W. Vose. 

1839. Birmingham John Yelloly, M.D., F.R.S.... Dr. G. 0. Rees, F. Eyland. 

1840. Glasgow James Watson, M.D, Dr.J.Brown, Prof. Couper, Prof. Reid. 

SECTION E. — PHYSIOLOGY. 

1841. Plymouth... ' P, M. Roget, M.D., Sec. R.S. J, Butter, J.Fuge, Dr. R, S. Sargent. 

1842. Manchester ; Edward Holme, M.D., F.L.S. Dr. Chaytor, Dr. B. S, Sargent. 

1843. Cork ......... j Sir James Pitcairn, M.D. ... Dr. John Popham, Dr. R. S. Sargent. 

1844. York | J. C. Pritchard, M.D. 1. Erichsen, Dr. R. S. Sargent. 

1845. Cambridge ; Prof. J. Haviland, M.D Dr. R. S. Sargent, Dr. Webster. 

1846. Southamp- Prof. Owen, M.D., F.R.S. ... C. P. Keele, Dr. Laycock, Dr. Sar- 

ton. gent, 

1847. Oxford ^ ... Prof, Ogle, M.D., F.R.S T. K. Chambers, W. P. Ormerod. 

PHYSIOLOGICAL SUBSECTIONS OP SECTION D. 

1850. Edinburgh Prof. Bennett, M.D., F.R.S.B. 

1855. Glasgow ... Prof. Allen Thomson, F.R.S. Prof. J. H. Corbett, Dr. J. Struthers. 

1857. Dublin Prof. R. Harrison, M.D Dr. R. D. Lyons, Prof. Redfern. 

1858. Leeds Sir B. Brodie, Bart., F.R.S. G. G. Wheelhouse. 

1859. Aberdeen.., Prof. Sbarpey, M.D-, Sec.E.S. Prof. Bennett, Prof. Redfern. 

1860. Oxford Prof.G.Rolleston,M.D.,F.L.S. Dr. R. McDonnell, Dr. Edward Smith. 

1861. Manchester Dr. John Davy, P.R.S Dr. W. Roberts, Dr. Edward Smith. 

1862. Cambridge G, E, Paget, M.D G. F. Helm, Dr. Edward Smith. 

1863. Newcastle Prof. Rolleston, M.D., F.R.S. Dr. D. Emhleton, Dr. W. Turner. 

1864. Bath jDr. Edward Smith, F.R.S. Ij. S. Bartrum, Dr. W. Turner. 

1866. Binning. Prof. Acland, M.D., LL.D.jjDr. A. Fleming, Dr. P. Heslop, 

ham.® F.R.S. | Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHHOLOGIOAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1851, see Section C. 
p. Ixxi.] ^ 


ETHNOLOGICAL SUBSECTIONS OP SECTION D. 


IS^B.Southampton Dr. J. C. Pritchard 

1847. Oxford Prof, H. H. WUson, M.A. ... 

1848. Swansea 

1849. Birmingham 

1 850. Edinburgh Yice- Admiral Sir A. Malcolm 


Dr. King, • 
Prof. Buckley. 

G. Grant Francis. 
Dr. R. G. Latham. 
Daniel Wilson. 


* Sections D and E were incorporated under the 
and Botany, including Physiology' (see p. Ixxiv). 
was assigned in 1861 to Geography. 

® ViSf8 note on page Ixxiv, 


title of * Section D — Zoology 
Section being then vacant, 
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Date and Place 


Presidents 


Secretaries 


Ipswijn 


Belfast., 


SECTION E. — GEOGRAPHY AND ETHNOLOGY. 

Sir R. I. Murchison, F.R.S.,iR. Cull, Rev. J. W. Donaldson, Dr. 

Pres. R.G-.S. Norton Shaw. 

Col. Chesney, R.A., D.O.L., R. Cull, E. MacAdam, Dr. Norton 


Hull 1 R. G. Latham, M.D., P.R.S. 


Shaw. 

R.S, R. Cull, Rev. H. W. Kemp, Dr. 
Norton Shaw. 

I.C.L., Richard Cull, Rev. H. Higgins, Dr. 

Ihne, Dr. Norton Shaw. 

M.D., Dr. W. G. Blackie, R. Cull, Dr, 
Norton Shaw. 


. Liverpool... Sir R. I. Murchison, D.C.L., Richard Cull, Rev. H. Higgins, Dr. 
P.R.S. Ihne, Dr. Norton Shaw. 

Glasgow ... Sir J. Richardson, M.D., Dr. W. G. Blackie, R. Cull, Dr, 
P.R.S. Norton Shaw. 

. Cheltenham Col. Sir H. G. Rawlinson, R. CuU, F. D. Hartland, W. H. 

K.G.B. Rumsey, Dr. Norton Shaw. 

. Dublin Rev. Dr. J. Henthom Todd, R. Cull, S. Ferguson, Dr. R. R. 

pres.R.LA. Madden, Dr. Norton Shaw. 

,, Leeds Sir R.L Murchison, G.G.St.S., R. Gull, F. Galton, P, O’Callaghan, 

P.R.S. Dr. Norton Shaw, T. Wright. 

I. Aberdeen... Rear - Admiral Sir James Richard Cull, Prof. Geddes, Dr. Nor^ 
Clerk Ross, D.O.L., F-R.S. ton Shaw. 

I. Oxford Sir R. I. Murchison, D.O.L., Capt. Burrows, Dr. J. Hunt, Dr. C. 

F.R.S. Lempri^re, Dr. Norton Shaw. 

. Manchester John Crawfuxd, P.R.S Dr. J. Hunt, J. Kingsley, Dr. Nor- 

ton Shaw, W. Spottiswoode. 

!. Cambridge Francis Galton, F.R.S J.W.Clarke, Rev. J. Glover, Dr. Hunt, 

Dr. Norton Shaw, T. Wright. 

5 Newcastle Sir R. I. Murchison, K.C.B., 0. Carter Blake, Hume Greenfield, 
F.R.S. , G. R. Markham, R. S. Watson. 

t. Bath Sir R. I. Murchison, E.O.B., H. W. Bates, 0. R. Markham, Capt, 

F.R.S. D,. M. Murchison, T. Wright, 

3 Binning- Major-General Sir H. Raw- H. W. Bates, S. Evans, G. Jabet, 
ham linson, M.P., K.O.B., F.R.S. 0. R. Markham, Thomas Wright. 

5. Nottingham Sir Charles Nicholson, Bart., H. W. Bates, Rev. E. T, Cusins, R. 

LL.D. H. Major, Clements R. Markham, 


Cambridge Francis Galton, F.R.S 


ilsir Charles Nicholson, Bart., H. W. Bates, Rev. E. T, Cusins, R. 
LL.D. H. Major, Clements R. Markham, 

D. W. Nash, T. Wright, 

7 Dundee ... Sir Samuel Baker, F.R.G.S. H. W. Bates, Cyril Graham, C. R. 

Markham, S. J. Mackie, R. Sturrock. 
. Capt. G. H. Richards, R.N., T. Baines, H. W. Bates, Clements R. 
F.R.S, Markham, T. Wright. 


Norwich 


1,869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford... 

1874:. Belfast 

1876, Bristol 

1876, Glasgow ... 
1877- Plymouth... 


SECTION E {oontinmdj'). — GEOGRAPHY. 

Sir Bartle Frere, K.O.B., H. W. Bates, Clements R, Markham, 
LL.D., F.R.G.S. J. H. Thomas. 

SirR,LMurchison,Bt.,K.G.B., H.W.Bates, David Buxton, Albert J. 

LL.D.,D.C.L.,F.R.S.,F.G.S, Mott, Clements R. Markham. 
Colonel Yule, O.B., F.R.G.S. A. Buchan, A. Keith Johnston, Cle- 
ments R. Markham, J. H. Thomas. 
Fijmcis Galton, F.R.S.......... H. W. Bates, A. Keith Johnston, 

Rev. J. Newton, J. H. Thomas, 

SirRutherfordAlcock,K.G.B. H. W. Bates, A. Keith Johnston, 

Clements R. Markham. 

Major Wilson, R.E., F.R.S., B. G. Ravenstein, E. 0. Rye, J. H. 

F.R.G.S. Thomas. 

Lieut. - General Strachey, H, W. Bates, B. 0. Eye, F. F. 
O.S.I.,R.E.,F.R.S.,F.R.G.S. Tackett. 

Cap^. Evans, C.B., F.R.S H, W. Bates, E. 0. Rye, B. 0. Wood. 

Adm. Sir B. Ommanney, C.B, H. W. Bates, F. E. Fox, E. C. Rye. 
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PRESIDEOTS AND SECRETARIES OF THE SECTIONS. 


Date and Place Presidents Secretaries 

1878. Dublin Prof. Sir C. Wyville Thom- John Coles, E. 0. Rye. 

son, LL.D.,P.R*S., P.R.S.E. 

1879. Sheffield ... Clements R. Markham, C.B., H. W. Bates, C. E. D. J31ack, E. C. 

F. R.S., Sec. R.G.S. Rye. 

1880. Swansea ... Lieiit.-Gen. Sir J. H. Lefroy, H. W. Bates, E. C. Rye. 

C.B., K.aM.G.,R.A.,F.R.S. 

1881. York Sir J. D. Hooker, K.O.S.I., J. W. Barry, H. W. Bates. 

O.B., F,R.S. 

1882. Southamp- Sir R. Temple, Bart., G.O.S.L, E. G. Ravenstein, E. C. Rye. 

ton. F.R.G.S. 

1885. Southport... Lieut.-Gol. H. H. Godwin- John Coles, E. G. Ravenstein, E. C. 

Austen, F.R.S. Rye. • 

1884. Montreal... Gen. Sir J. H. Lefroy, C.B. , Rev.Abb^Laflamme, J.S.O’Halloran, 
K.C.M.G.,F.R.S.,Y.P.R.G.S. E. G. Ravenstein, J. F. Torrance. 
188i5. Aberdeen... Gen. J. T, Walker, C.B., E.E., J. S. Keltic, J. S. 0’Halloi*an, E, G. 

LL.D., F.R.S. Ravenstein, Rev. G. A. Smith. 

1886. Birming- Maj.-Gen. Sir. F. J. Goldsmid, F. T. S. Houghton, J. S. Keltie, 

ham. K.C.S.I., C.B., F.R.G.S. E. G. Ravenstein. 

1887. Manchester Col. Sir C. Warren, R.E., Rev. L. C. Casartelli, J. S. Keltie, 

G. C.M.G., F.R.S., F.R.G.S. H. J. Mackinder, E. G. Ravenstein. 

1888. Bath Col. Sir 0. W. Wilson, R.E,, J. S. Keltie, H. J. Mackinder, E. G. 

K.C.B., F.R.S., F.R.G.S. Ravenstein. 

1889. Newcastle- Col. Sir F. de Winton, J. S. Keltie, H. J. Mackinder, R. 

npon-Tyne K.O.M.G., C.B., F.R.G.S. Sulivan, A. Silva White. 

1890. Leeds Lieut.-Col. Sir R. Lambert A. Barker, John Coles, J. S. Keltie, 


Playfair, K.C.M.G.,F,R.G.S. A. Silva White. 

1891. Cardiff E. G. Ravenstein, P.R.G.S., John Coles, J. S. Keltie, H. J. Mao- 

F.S.S. kinder, A. Silva White, Dr. Yeats. 

1892. Edinburgh Prof. J. Geikie, D.O.L., F.R.S., J. G. Bartholomew, John Coles, J. S. 

V.P.R.Scot.G.S. Keltie, A. Silva White. 

1898. Nottingham H. Seebohm, Sec. R.G.S., Col. F. Bailey, John Coles, H. O. 

F.L.S., F.Z.S, Forbes, Dr. H. R. Mill. 

1894. Oxford Gapt. W.J. L. Wharton, R.N., John Coles, W. S. Dalgleish, H. N. 

F.R.S. ; Dickson, Dr. H. R. Mill. 

1895. Ipswich ... H. J. Mackinder, M.A.,'John Coles, H. N. Dickson, Dr. H, 

F.R.G.S, R. Mill, W. A. Taylor. 

1896. Liverpool... Major L. Darwin, Sec. R.G.S. Col. F. Bailey, H. N. Dickson, Dr. 

H. R. Mill, E. 0. DuB. Phillips. 

1897. Toronto ... J. Scott Keltie, LL,D Col. F. Bailey, Capt. Deville, Dr. 

H. R. Mill, J. B. Tyrrell. 

1898. Bristol Col. G. Earl Church, F.R.G.S. H. N. Dickson, Dr. H. R. Mill, H, C. 

Trapnell. 

1899. Dover Sir John Murray, F.R.S. ...... H. N. Dickson, Dr. H. 0. Forbes, 

Dr. H. R. Mill. 

1900. Bradford ... Sir George S. Robertson, H. N. Dickson, E. Heawood, E. R, 

K.0.S.L Wethey. 

1901. Glasgow ... Dr, H. R. Mill, F.R.G.S. .IH. N. Dickson, E. Heawood, G. 

Sandeman. A. 0. Tu^nej^ 

1902. Belfast Sir T. H. Holdich, K.O,B. ... G. G. Chisholm, E. Heawood, Dr. 

A. J. Herbertson, Dr. J. A. Lindsay . 

1903. Southport... Capt. E. W, Creak, R.N., C.B., E. Heawood, JDr, A. J. Herbertson, 

F.R.S. E. A. Reeves, Capt. J. C. Under- 

wood. 

1904. Cambridge Douglas W, Freshfield... E, Heawood, Dr. A. J. Herbertson, 

H. Y. Oldham, E. A. Reeves. 

1905. SonthAfrica Adm. Sir W. J. L. Wharton, A. H. Cornish-Bowden, F. Flowers, 

R.N,, K.O.B,, F.R.S. Dr. A. J. Herbertson, H. Y. Old- 

ham. 

Bit. Hod. Sir George Goldie, B. Heawoorf, Dr. A. J. Herbertson, 
K.O.M.G., F.B.S. B. A. Beeves, G. Teld. 


1906. York. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Ixxxi 


1 

Date and Place 

Presidents 

Secretaries 

1907. Leicester... 

George G. Cbisbolm, M.A. ... 

E. Heawood, 0. J. R. Howarth, 
E. A. Reeves, T. Walker, 

1908. Dublin.*... i 

Major E. H. Hills, C.M.G., 

W. F. Bailey, W. J. Barton, 0. J. R. 

1 

• 

R.E. 

Howarth, E. A. Reeves. 

1909. Winnipeg... 

Col. SirD. Johnston, K.O.M.G., j 
C.B., R.E. ' 

G. G. Chisholm, J. McFarlane, A. 
McIntyre. 

1910. Sheffield ... 

Prof. A. J. Herbertson, M A., 
Ph.D. 

Rev. W. J. Barton, Dr. R. Brown, 
J. McFarlane, E. A. Reeves. 


STATISTICAL SCIENCE. 

• COMMITTEE OF SCIENCES, YI. — STATISTICS. 

1833. Cambridge! Prof. Babbage, F.R.S I J. E. Drinkwater. 

1834. Edinburgh | Sir Charles Lemon, Bart l Dr. Cleland, 0. Hope Maclean. 

SECTION P. — STATISTICS. 

1835. Dublin Charles Babbage, F.R.S W. Greg, Prof. Longfteld. 

1836. Bristol Sir Chas. Lemon, Bart., F.R.S. Rev. J. E. Bromby, C. B. Fripp, 

James IJpywood. 

1837. Liverpool... Rt. Hon. Lord Sandon W. R. Greg, W. Langton, Dr, W. 0. 

Tayler. 

1838. Newcastle Colonel Sykes, P.R.S W. Cargill, J. Heywood, W.R. Wood 

1839. Birming- Hem*y Hallam, F.R.S F. Clarke, R. W. Rawson, Dr, W. C. 

ham. Tayler. 

1840. Glasgow ... Lord Sandon, M.P., F.R.S. 0. R. Baird, Prof. Ramsay, R. W. 

Rawson. 

1841. Plymouth... Lieut.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev, R. Luney^R. 

W. Rawson. 

1842. Manchester G. W. Wood, M.P., F.L.S. ... Rev. R. Luney, G. W. Ormerod, Dr. 

W. Cooke Tayler. 

1843. Cork Sir 0. Lemon, Bart., M.P. ... Dr. D. Bullen, Dr. W. Cooke Tayler. 

1844. York Lieut.- Col. Sykes, F.R.S., J. Fletcher, J. Heywood, Dr. Laj- 

F.L.S. cock. 

1845. Cambridge Rt.Hon. the Earl Fitzwilliam J. Fletcher, Dr. W. Cooke Tayler. 

1846. Southamp- G. R. Porter, P’.R.S J. Fletcher, F. G. P. Neison, Dr, W. 

ton. 0. Tayler, Rev. T. L. Shapcott. 

1847. Oxford Travers Twiss, D.G.L.. F.R.S. Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swansea ... J. H. Vivian, M.P., B’.B.S, ... J. Fletcher, Capt. R. Shortrede. 

1849. Birming- Rt. Hon, Lord Lyttelton Dr. Finch, Prof. Hancock, F, P, G. 

ham. Neison. 

1850. Edinburgh Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

V.1>.R.S.E. Stark. 

1851. Ipswich ... Sir JohnP. Boileau, Bart. ... J, Fletcher, Prof. Hancock. 

1852. Belfast His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

Dublin. • MacAdam, jim, 

1853. Hull James Heywood, M.P., P.R.S. Edward Cheshire, W. Newmarch. 

1864. Liverpo»l.,t Thomas Tooke, F.R.S B. Cheshire, J. T. Danson, Dr. W.H. 

Duncan, W. Newmarch. 

1865. Glasgow ... R. Monokton Milnes, M.P. ... J. A. Campbell, E. Cheshire, W, New- 

• march, Prof. R. H. Walsh, 

SECTION F {continued). — economic science and statistics. 

1866. Cheltenham Rt. Hon. Lord Stanley, M.P. Rev. C. H. Bromby, E. Cheshire, Dr, 

' W. N, Hancock, W. Newmarch, W. 

M. Tartt, 

1867. Dublin...... His Grace the Archbishop of Prof. Cairns, Dr* H. D. Hutton, W. 

Dublin, M.R.I.A. Newm^ch. 

1868. Leeds Edward Baines T. B. Baines, Prof, Cairns, S. Brown, 

Capt. Fishbourne, Dr. J. Strang. 

1910. e ■ 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS, 


Date and Place 


Presidents 


1859. Aberdeen...' Col. Sykes, M.P., P.R.S. ...... 

1860. Oxford | Nassau W. Senior, M.A 


1861. Manchester | William Newmarch, F.R.S.... 

1862. Cambridge Edwin Chadwick, C.B 

1863. Newcastle William Tite, M.P., F.R.S. ... 


1864. Bath 

1865. Birming- 

ham. 

1866. Nottingham 


W. Farr, M.D., D.C.L., F.R.S. 
Rt. Hon. Lord Stanley, LL.D., 
M.P. 

Prof. J. E. T. Rogers 


1867. Dundee 


M. E. G-rant-Duff, M.P 


1868. Norwich.... 

1869. Exeter 

1870. Liverpool... 


Samuel Brown 

Rt.Hon.SirStalfordH. North- 
cote, Bart., O.B., M.P. 

Prof. W. Stanley Jevons, M.A. 


1871. Edinburgh 
1872 Brighton... 

1873. Bradford ... 

1874. Belfast 


Rt. Hon. Lord Neaves 

Prof. Henry Fawcett, M.P. ... 
Rt. Hon. W. E. Forster, M.P. 
Lord O’Hagan 


1875. Bristol 

1876. Glasgow ... 

1877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 

1880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 

1885. Aberdeen... 

1886. Birming- 

ham. 

1887. Manchester 


James Heywood, M.A.,F.R.S., 
Pres. S.S. 

Sir George Campbell, K.O.S.I., 
M.P. 

Rt. Hon. the Earl Fortescue 

Prof. J. K. Ingram, .LL.D. ... 

G. Shaw Lefevre, M.P., Pres. 
S.S. 

G. W. Hastings, M.P 

Rt. Hon. M. B. Grant-Duff, 
M.A., F.R.S. 

Rt. Hon. G. Sclater-Booth, 
M.P., F.R.S. 

R. H. Inglis Palgrave, F.R.S. 

Sir Richard Temple, Bart., 
G.C.S.I., C.T.B., F.R.G.S. 

Prof. H. Sidgwick, LL.D., 
Litt.D. 

J. B. Martin, M.A., F.S.S. ... 

Robert Qiffen, LL.D.,V.P.S.S. 


1888. Bath | 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 


Rt. Hon. Lord Bramwell, 
LL.D., F.R.S. 

Prof. F. Y. Edgeworth, M.A., 
F S S 

Prof. A. Marshall, M.A., F.S.S. 


1891 Cardiff. 


iProf. W. Cunningham, D.D., 
I D.Sc., F S.S, 


Secretaries 


Prof. Cairns, Edmund Macrory, A. M. 

Smith, Dr. John Strang. 

Edmund Macrory, W. Newmarch, 
Prof. J. E. T. Rogers. 

David Chadwick, Prof. R. C. Christie, 
E. Macrory, Prof. J. E. T. Rogers. 
H. D. Macleod, Edmund Macrory. 

T. Doubleday, Edmund Macrory, 
Frederick Purdy, James Potts. 

E. Macrory, E. T. Payne, F. Purdy. 
G. J. D. Goodman, G. J. Johnston, 

E. Macrory. • 

R. Birkin, jun.. Prof. Leone Levi, E. 
Macrory. 

Prof. Leone Levi, B. Macrory, A. J. 
Warden. 

Rev. W. C. Davie, Prof. Leone Levi. 
B. Macrory, F. Purdy, C. T. D. 
Acland. 

Chas. R. Dudley Baxter, E. Macrory, 
J. Miles Moss. 

J. G. Fitch, James Meikle. 

J. G. Fitch, Barclay Phillips. 

J, G, Fitch, Swire Smith. 

Prof. Donnell, F. P. Fellows, Hans 
MacMordie. 

F. P. Fellows, T. G. P. Hallett, B. 
Macrory. 

A. M'Neel Caird, T. G. P. Hallett, Dr. 

W.Neilson Hancock, Dr. W. Jack. 
W. F. Collier, P. Plallett, J. T. Pirn. 
W. J. Hancock, 0. Molloy, J. T. Pirn. 
Prof. Adamson, R. E. Leader, 0. 
Molloy. 

N. A. Humphreys, 0. Molloy. 

O. Molloy, W. W. Morrell, ,1. F. 
Moss. 

G. Baden- Povrell, Prof. H; S. Fox- 
well, A. Milnes, 0. Molloy. 

Rev. W. Cunningham, Prof. H. S. 

Foxwell, J. N. Keynes, 0, Molloy, 
Prof. H. S. Foxwell, J. S. McLennan. 
Prof. J. Watson. 

Rev. W. Cunningham, Prof. H, S. 

Foxwell, 0. McCombie, J. F. Moss. 
F. F. Barham, Rev. W. Cunningham, 
Prof. H, S. Foxwell, J. F. Moss. 
Rev. W. Cunningham, #F. Y. E<ige- 
worth, T. H. Elliott, 0. Hughes, 
J. E. 0. Munro, G. H. Sargant. 
Prof. F. Y. Edgeworth, T. H. Elliott, 
H. S. Foxwell, L. L. F. R. Price, 
Rev. Dr. Cunningham, T. H. Elliott, 

F. B. Jevons, L. L. F. R. Price. 

W. A. Brigg, Rev. Dr. Cunningham, 

T. H. Elliott, Prof. J. E. C. Munro, 
‘ L. L. F. R. Price. 

Prof, J. Brough, B. Cannan, Prof. 
E. 0. K. Gonner, H. LI. Smith, 
Prof. W. R. Sorley. 
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Date and Place 

1 Presidents 

1892. Edinburgh 

Hon. Sir C. W. Fremantle, 
K.G.B. 

1893. Nottingham 

Prof. J. S. Nicholson, D.Sc., 
F.S.S. 

1894. Oxford 

1895. Ipswich ... 

Prof. C. P. Bast able, M.A., 
F.S.S. 

L. L. Price, M.A. 

1896. Liverpool... 

• 

Rt. Hon. L. Courtney, M.P.... 

1897. Toronto ... 

1898. Bristol 

Prof. E. 0. K. Gonner, M.A. 

J. Bonar, M.A., LL.D 

1899. Dover 

H. Higgs, LL.B 

1900. Bradford ... 

Major P. G. Craigie, V.P-S.S. 

1901. Glasgow ... 

Sir R. Gitfen, K.C.B., F.R.S. 

1902. Belfast ... 

E. Cannan, M.A., LL.D. 

1903. Southport 

B. W. Brabrook, CB 

1904. Cambridge 

Prof. Wm, Smart, LL.D 

1905, South Africa 

1906. York......... 

Rev. W. Cunningham, D.D., 
D.Sc. 

A. L. Bowley, M.A 

1907. Leicester... 

Prof. W. J. Ashley, M.A 

1908. Dublin 

W. M. Acworth, M.A. 

1909. Winnipeg... 

Suh-sectio/i of AffrieuUure — 
Rt. Hon. Sir H. Plunkett. 
Prof. S. J. Chapman, M.A. ... 

1910. Shemeld ... 

r H. Llewellyn Smith, 
SiK.C.B., M.A. 


Secretaries 


Prof. J. Brough, J. R. Findlay, Prof. 
E. 0. K. Conner, H. Higgs, 
L. L. F. R. Price. 

Prof. E C. H. Conner, H. de B. 
Gibbins, J. A. H. Green, H. Higgs, 
L. L. F. R. Price. 

E. Cannan, Prof. E. 0. K. Conner, 
W, A, S. He%vins, H. Higgs. 

E. Cannan, Prof. E. C. K. Conner, 
H. Higgs. 

E. Cannan, Prof. E. C. K. Conner, 
W. A. S. Hewins, H. Higgs. 

B. Cannan, H. Higgs, Prof. A. Shortt. 
E. Cannan, Prof. A. W. Flux, H. 

Higgs, W. E. Tanner. 

A. L. Bowley, E. Cannan, Prof. A, 
W. Flux, Rev. G. Sarson. 

A. L. Bowley, E. Cannan, S. J. 

Chapman, F. Hooper. 

W. W. Blackie, A. L. Bowley, E. 

Cannan, S. J. Chapman. 

A. L. Bowley, Prof. S. J. Chapman, 
Dr. A. Duffin. 

I A. L. Bowley, Prof. S. J. Chapman, 
j Dr. r>. \y. Ginsburg, G. Lloyd. 

Ij. E. Bidwell, A. L. Bowle^^ Prof. 

S. J. Chapman, Dr. B. W. Ginsburg. 
R. 4 Ababrelton, A. L. Bowley, Prof. 

H. E. S. Fremantle, H. 0. M eredith. 
Prof. S. J. Chapman, D. H. Mac-' 
gregor, H. 0. Meredith, B. S. 
Rowntree. 

Prof. S. J. Chapman, D. H. Macgregor, 
H. 0. Meredith, T. S. Taylor. 

W, G. S. Adams, Prof. S. J. Chap- 
man, Prof. D. H. Macgregor, H. O. 
Meredith. 

A. D. Hall, Prof. J. Percival, J. H. 

Priestley, Prof. J. Wilson. 

Prof. A. B. Clark, Dr. W. A. Mana- 
han, Dr. W. R. Scott. 

0. R. Fay, H. 0. Meredith, Dr. W. R. 
Scott, R. Wilson. 


SECTION G.— MECHANICAL SCIENCE. 


1836. Bristol 

1837. Liverpool... 

1838. Newcastle* 

1839. Birming- 

ham. 

1840. Glasgow .... 

1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 

1846, Cambridge 
1846. Southamp- ! 

t03a. i 


Davies Gilbert, D.O.L., F.R.S. 

Rev. Dr. Robinson 

Charles Babbage, F.R.S 

Prof. Willis, F.R.S., and Robt. 
Stephenson. 

Sir .Tcmn Robinson 


John Taylor, F.R.S 

Rev. Prof. Willis, F.R.S 

Prof. J. Macneill, M.R.I.A.,,, 

John Taylor, F.R.S 

George Jennie, F.R.S 

Rev. Prof. Willis, M.A., F.R.S. 


i T. G. Bunt, G. T. Clark, W. West. 
Charles Vignoles, Thomas Webster. 
; R. Hawthorn, C. Vignoles, T. Webster. 
W. Garpmael, William Hawkes, T. 
Webster. 

J. Scott Russell, J. Thomson, J. Tod, 
I C, Vignoles. 

I Henry Chatfield, Thomas Webster. 
J. F. Bateman, J. Scott Russell, J. 

Thomson, Charles Vignoles. 
James Thomson, Robert Mallet. 
Charles Vignoles, Thomas Webster. 
Rev. W. T. Kingsley. 

William Betts, jun., Charles Manby. 

e 2 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


Presidents 


1S47. Oxford 

1848. Swansea 

1849. Birraingbam 

1850. Edinburgh 

1851. Ipswich ... 

1852. Belfast 


Rev. Prof .Walker, M. A,,F.R.S. 
Rev. Prof .Walker, M. A.,F.R.S. 
Robt. Stephenson, M.P.,F.R.S. 

Rev. R. Robinson 

Wniiam Cubitt,P.R.S 

John Walker, O.E., LL.D., 


F.R.S. 


1853. Hull William Fairbaim, F.R.S. ... 

1854. Liverpool... John Scott Russell, F.R.S. ... 


1855. Glasgow ... 

1856. Cheltenham 

1857. Dublin 

1858. Leeds 

1850. Aberdeen... 


W. J. M. Rankine, F.R.S. ... 

George Rennie, F.R.S 

Rt. Hon. the Earl of Rosse, 
F.R.S. 

William Fairbairn, F.R.S. ... 
j Rev. Prof. Willis, M.A.,P,R.S. 


1860. Oxford 

1861. Manchester 


Prof . W. J. Macqiiorn Rankine, 
LL.D„ F.R.S. 

;J. F. Bateman, C.B., F.R.S.... 


1862. Cambridge William Fairbairn, F.R,S. ... 

1863. Newcastle Rev. Prof. Wims,M. A., F.R.S. 


1864. Bath ! 

1865. Birming- 

ham. 

1866. Nottingham 

1867. Dundee 

1868. Norwich ... 


J. Hawkshaw, F.E.S I 

Sir W. G. Armstrong, LL.D., 
F.R.S. 

Thomas Hawksley, Y.P. Inst. 
C.E., F.G.S. 

Prof.W. J. Macquorn Rankine, 
LL.D., F.R.S. 

G. P. Bidder, C.E., F.R.G.S. 


1869. Exeter C. W. Siemens, F.R.S..... 

1870. Liverpool... Chas.B \^ignoles,C.B.,F.R.S, 


1 871, Edinburgh Prof. Fleeming Jenkin, F.R.S. 

1872. Brighton ... F. J. Bramwell, C.E. 


1 873. Bradford 

1874. Belfast,., 

1875. Bristol 

1876. Glasgow 


W. H. Barlow, F.R.S 

Prof. James Tliomson, LL.D., 
C.E., F.R.S.E. 

W. Froude, C.E., M.A., F.R.S. 
0. W, Herrifield, F.R.S. ...... 


1877. Plymouth.. 


Edward Woods, C.E 


1878, Dublin 


Edward Easton, C.E. 


1879. Sheffield ... 

1880. Swansea 

1881. York........ 

1882. Southamp- 

ton. 

1883. Southport.. 

1884. Montreal .. 


J. Robinson, Pres. Inst. Mech. 
Eng. 

J.Abernethy, F.R.S.B 

Sir W. G. Armstrong, C.B., 
LL.D., D.C.L., F.R.S. 

John Fowler, C.E., F.G.S. ... 

J. Brunlees, Pres.Inst.C.E 

Sir F. J. BramweU, F.B.S., 
V.P.Inst.C.E. 


Secretaries 


J. Glynn, R. A. Le Mesuricr, 

R. A. Lo Mesnrier, W. P. Struv6, 
Charles Manb}% W. P. Marshall. 

Dr. Lees, David Stephenson. 

John Head, Charles Manby. 

John F. Bateman, C. B. Hancock. 

Charles Manby, James Thomson. 

J. Oldham, J. Thomson, W. S. Ward. 
J. Grantham, J. Oldham, J. Thom- 
son. 

L. Hill, W. Ramsay, J. Thomson. 

C. Atherton, B. Jones, H. M. Jeffery. 
Prof. Downing, W.T. Doyne, A. Tate, 
James Thomson, Henry Wright. 

J. 0. Dennis, J. Dixon, H. Wright. 

R. Abernethy, P. Le Neve Foster, H. 
Wright. 

P. Le Neve Foster, Rev. F. Harrison, 
Henry Wright. 

P. Le Neve Foster, John Robinson, 
H. Wright. 

W. M. Fawcett, P. Le Neve Foster. 
P. Lc Neve Foster, P. Westmacott, 
J. F. Spencer 

P, Le Neve Foster, Robert Pitt. 

P. Le Neve Foster, Henry Lea, 
W. P. Marshall, Walter May. 

P. Le Neve Foster, J. F. Iselin, 
M. 0, Tarbotton. 

P. Le Neve Foster, John P. Smith, 
W. W. XJrquhart. 

P. Le Neve Foster, J, F. Iselin, 
0. Manby, W. Smith. 

P. Le Neve Foster, H. Bauerman. 

H. Bauerman, P. Le Neve Foster, 
T. King, J. N. Shoolbred. 

H. Bauerman, A. Leslie, J. P. Smith. 
H. M. Brunei, ?. Le Neve Foster, 
J. G. Gamble, J. N. Shoolbred. 

0. Barlow, H.Bauerraan, E.H.Carbutt , 
J. 0. Hawkshaw. J. N. Shoolbred. 
A. T. Atchison, J. N, Shoolbred, John 
Smyth, jiui. 

W. R. Browne, H. M. Brunei, J, G. 

Gamble, J. N. Shoolbred. 

W. Bottomley, jiin., W. J. Millar, 
J. N. Shoolbred, J. P. Smith. 

A. T. Atchison, Dr. MeAifield, J. N. 
Shoolbred. 

A. T. Atchison, R. G. Symes, H. T. 
Wood. • 

A. T. Atchison, Emerson Bainbridge, 
H. T. Wood. 

A. T. Atchison, H. T. Wood. 

A. T. Atchison, J. F. Stephenson, 
H. T. Wood. 

A. T. Atchison, F. Churton, H. T, 
Wood. • 

A. T, Atchison, 1. Rigg, H. T. Wood, 
r A, T. Atchison, W. B. Dawson, J. 
Kennedy, H. T. Wood. 
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Date and Place Presidents Secretaries 


1885. Aberdeen... .B. Baker, M.Inst.C.E A. T. Atchison, P. G. Ogilvie, E. 

* Bigg, J. N. Shoolbred. 

1886. Birmi^- Sir J. N. Douglass, M.Inst. C. W. Cooke, J. Kenward, W. B. 

ham. O.E. Marshall, E. Bigg. 

1887. Manchester Prof. Osborne Reynolds, M. A., 0. F. Budenberg, W. B. Marshall, 

LL.D., F.B.S. B. Bigg. 

1888. Bath W. H. Preece, F.E.S., C. W. Cooke, W, B. Marshall, E. 

M.Inst.0.E. Bigg, P. K. Stothert. 

1889. Newcastle- W. Anderson, M.Inst.C.E. ... C. W. Cooke, W. B. Marshall, Hou. 

upon-Tyne. C. A. Parsons, E. Bigg. 

1890. Leeds Capt. A. Noble, G.B., F.B.S., E. K. Clark, 0. W, Cooke, W. B. 

F.B.A.S. Marshall, E. Bigg. 

1891. Cardiff...,. T. Forster Brown, M.Inst.C.E. 0. VV. Cooke, Prof. A. C. Elliott, 

W. B. Marshall, E. Bigg. 

1892. Edinburgh Prof. W. 0. Unwin, F.B.S., 0. W. Cooke, W. B. Marshall, W. C. 

M.Inst.C.E. Popplewell, E. Bigg. 

1893. Nottingham Jeremiah Head, M.Inst C.E., C. W. Cooke, W. B. Marshall, E. 

F.C.S. Bigg, H. Talbot. 

1894. Oxford Prof. A. B. W. Kenned}’-, Prof. T. Hudson Beare, C. W. Cooke, 

F.R.S., M.Inst.C.E. W. B. Marshall, Rev. F. J. Smith, 

1895. Ipswich ... Prof. L. F. Vernon-Harcourt, Prof. T. Hudson Beare, C. W. Cooke. 

M.A., M.Inst.C.E. W. B. Marshall, P. G. M. Stoney, 

1896. Liverpool... Sir Douglas Fox, V.P.Inst.C.E. Prof. T. Hudson Beare, C. W. Cooke, 

S. Dunkerley, W. B. Marshall. 

1897. Toronto ... G. F. Deacon, M.Inst.C.E. ... Prof. T. Hudson Beare, Prof. Callen- 

dar, W. A. Price. 

1898. Bristol Sir J. Wolfe-Barry, K.O.B., Prof. T. H. Beare, Prof. J. Munro, 

F. R.S. H. W. Pearson, W. A. Price. 

1899. Dover Sir W. White, K.C.B., F.B.S. Prof. T. H. Beare, W. A. Price, H. 

E. Stilgoe. 

1900. Bradford ^ Sir Alex. R, Binnie, M.Inst. Prof. T. H. Beare, 0. F. Charnock, 

C.E. Prof. S. Dunkerley, W. A. Price. 

SECTION G.— ENCINEEHTNG. 

1901. Glasgow ... R. E. Crompton, M.Inst.C.E. , H.Bamford,W.E.Dalby,W. A.Price. 

1902. Belfast ...;Prof. J. Perry, F.B.S M. Barr, "W. A. Price, J. Wylie. 

1903. Southport ! C. Hawksley, M.Inst.C.E. ... Prof. W. E. Dalby, W. T. Maccall, 

I I \V. A. Price. 

1904. Cambridge Hon, 0. A. Parsons, F.B.S. ... J. B. Peace, W. T. Maccall, W. A. 

j Price. 

* 1905. SouthAfrica Col. Sir C. Scott-Moncrieff, W. T. Maccall, W.B. Marshall, Prof. 

G. G.S.I., K.C.M.G., R.B. H. Payne, E. Williams. 

1906. York J. A. Ewing, F.R.S W. T. Maccall, W, A. Price, J. Triffit. 

1907. Leicester... Prof. Silvanus P. Thompson, Prof. E. G. Coker, A. C. Harris, 

F.R.S. W. A. Price, H. E. Wimperis, 

1908. Dublin Dugald Clerk, F.R.S Prof. E. G. Coker, Dr. W. E. Lilly, 

• • W. A. Price, H. E. Wimperis. 

1909. Winnipeg... Sir W. H. "White, K.O.B., E.E.Brydone- Jack, Prof. E.G. Coker, 

F.R S. Prof. B. W. Marchant, W. A. Price. 

1910. Sheffield .. Prof.* W. E. Dalby, M.A., F. Boulden, Prof. E. G. Coker, 

M.Inst.C.E. I A. A. Rowse, H. E. Wimperis. 

SECTION H.— ANTHROPOLOGY. 

1884. Montreal... E. B. Tylor,D.C.L., F.R.S. ... G. W. Bloxam, W. Hurst. 

1885. Aberdeen... Francis Galton, M.A., F.R.S. G. W. Bioxam, Dr. J. G. G arson, W. 

Hurst, Dr. A. Macgregor. 

1886. Birming- Sir G.* Campbell, K.C.S.I., G. W. Bloxam, Dr. J. G. Garson, W. 

ham. M.P., D.C.L., F.R.G.S. Hurst, Dr. R. Saundby. 

* The title of Section G was changed to Engineering. 
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Date and Place Presidents Secretaries 


1887. Manchester Prof. A. H. Sayce, M.A G. W. Bloxam, Dr. J. Q. Garson, Dr. 

A. M. Paterson 

1888. Bath Lieut. -General Pitt- Rivers, G. W. Bloxam, Dr. G. Garson, 

D.C.L., P.R.S. J. Plarris Stone. 

1889. Newcastle- Prof. Sir W. Turner, M.B., G. W. Bloxam, Dr. J. G. Garson, Dr. 

upon-Tyne LL.D., F.R.S. R. Morison, Dr. R. llowden. 

1890. Leeds Dr. J. Evans, Treas. R.S., G. W. Bloxam, Dr. 0. M. Chadwick, 

P.S.A., F.L.S., F.G.S. Dr. J. G. Garson. 

1891. Cardiff Prof. F. Max Miiller, M.A. ... G. W. Bloxam, Prof. R. tlowden, H. 

Ling Roth, E. Seward. . r 

1892. Edinburgh Prof. A. Macalister, M.A., G. W. Bloxam, Dr. D. Hepburn, Prof. 

M.D., F.R.S. R. Howden, H. Ling Roth. 

1893. Nottingham Dr. R. Munro, M.A., F.E.S.E. G. W. Bloxam, Rev. T. W. Davies, 

Prof. R. Howden, F. B. Jevons, 
J. L. Myres. 

1894 Oxford .. Sir W. H. Flower, K.C.B , H. Balfour, Dr. J. G. Garson, H. Ling 
F.R.S. Roth. 

1895. Ipswich ... Prof. W. M. Flinders Petrie, J. L. Myres, Rev. J. J. Raven, H. 

« D.C.L. Ling Roth. 

1806. Liverpool... Arthur J. Evans, F.S. A. ...... Prof. A. C. Haddon, J. L. Myres, 

Prof. A. M. Paterson. 

1897. Toronto ... Sir W. Turner, F.R.S A. F. Chamberlain, H. 0. Forbes, 

Prof. A. C. Haddon, J. L. Myres. 

1898. Bristol E. W. Brabrook, C.B H. Balfour, J. L. Myres, G. Parker. 

1899. Dover C. H. Read, F.S. A H. Balfour, W. H. East, Prof. A. 0. 

Haddon, J. L. Myres. 

1900. Bradford... Prof. John Rhys, M.A Rev. E. Armitage, H. Balfour, W. 

Crooke, J. L. Myres. 

1901. Glasgow ... Prof. D. J. Cunningham, W. Crooke, Prof. A. P. Dixon, J. F. 

P.R.S. Gemmill, J. L. Myres. 

1902. Belfast ... Dr. A. 0. Haddon, F.R.S. ... R. Campbell, Prof. A. F. Dixon, 

J. L. Myres. 

1903. Southport... Prof. J. Symington, F.R.S. ... E. N. Fallaize, H. S. Kingsford, 

^ E. M. Littler, J. L. Myres. 

1904. Cambridge H. Balfour, M.A W. I^. H. Duckworth, E. N. Fallaize, 

H. S. Kingsford, J. L. Myres. 

1905. SouthAfrica Dr. A. C. Haddon, F.R.S. ... A. R. Brown, A. von Dessauer, E. 8. 

Hartland. 

1906. York E. Sidney Hartland, F.S.A — Dr. G. A. Auden, E. N. Fallaize, II. S. 

Kingsford, Dr. F. C, Shrubsall. 

1907. Leicester... D. G. Hogarth, M.A C. J. Billson, E. N. Fallaize, H. S. 

Kingsford, Dr. F. C. Shrubsall. 

1908. Dublin Prof. W. Ridgeway, M.A. ... E. N. Fallaize, H. S. Kingsford, Dr. 

F. C. Shrubsall. L. E. Steele. 

1909. Winnipeg... Prof. J. L. Myres, M.A H. S. Kingsford, Prof. C. J. Patten, 

Dr. F. C. Shrubsall. ^ 

1910. Sheffield ... W. Crooke, B.A E. N. Fallaize, H. 8. Kingsford, Prof, 

C. J. Patten, Dr. F. C. Shrubsall, 

• 

SECTIOK I.— PHYSIOLOGY (including Experimental 
Pathology and Experimental Psychology). 

1894. Oxford...... Prof. E. A. Schafer, F.R.S., Prof. F, Gotch, Dr. J. S. Haldane, 

M.R.O.S. M. S. Pemhrey. 

1896. Liverpool... Dr. W. H. Gaskell, F.R.S. ... Prof. R. Boyce, Prof. O.S. Sherrington. 
1897* Toronto ... Prof. Michael Foster, P.R.S. Prof. R. Boyce, Prof, C. S. Sherring- 
ton, Dr. L. E. Shore. 

1899. Dover ...... J. N. Langley, F.R.S. ......... Dr, Howden, Dr. L. E. Shore, Dr. B. 

H. Starling. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place 


Presidents 


Secretaries 


1901. Glasgow ... 

1902. Belfast^ ... 
19C4. Cambridge 

1905. SoutbAfrica| 

I 

1906. Jov^ 

1907. Leicester... 

190S. Dublin 

1909. Winnipeg... 

1910. Sheffield ... 


Prof . J. McKendrick, F.R.S. 

Prof. W. D. Halliburton, 
F R S 

Prof. C. k Sherrington, P.E.S. 
Col. D. Bruce, O.B., F.Pv.S. ... 

Prof. F. Gotch, F.R.S. 

Dr. A. D. Waller, P.R.S 

Dr. J. Scott Haldane, F.R.S. 
Prof. E. H. Starling, F.R.S.... 
Prof. A. B. Macallum, F.R.S. 


W, B. Brodie, W. A. Osborne, Prof. 
W. H. Thompson. 

J. Barcroft, Dr. W. A. Osborne, Dr. 
0. Shaw. 

J. Barcroft, Prof. T. G. Brodie, Dr. 
L. E. Shore. 

J. Barcroft, Dr. Baumann, Dr. Mac- 
kenzie, Dr. G. W, Robertson, Dr. 
Stanwell. 

J. Barcroft, Dr. J. M. Hamill, Prof. 

J. S. Macdonald, Dr. D. S. Long. 
Dr. N. H. Alcock, J. Barcroft, Prof. 

J. S. Macdonald, Dr. A. Warner. 
Prof. D J. Coffey, Dr. P. T. Herring, 
Prof. J. 8. Macdonald, Dr.H.E.Roaf. 
Dr. N. H. Alcock, Prof. P. T. Herring, 
Dr. W. Webster. 

Dr. H. G. M. Henry, Keith Lucas, 
Dr. H. E. Roaf, Dr. J. Tait. 


1895. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 

1898. Bristol. 

1899. Dover 

1900. Bradford ... 

1901. Glasgow ... 

1902. Belfast ... 

1903. Southport 

1904. Cambridge 


1905. SouthAfrica 

1906. York 

1907. Leicester... 

1908. Dublin 

•> « 

1909. Winnipeg... 


1910. Sheffield ... 


SECTION K.— BOTANY. 


W. T. Thiselton-Dyer, F.R.S, ; A. 0. Seward, Prof. F. E. Weiss. 


Dr. D. H. Scott, F.R.S. 


Prof. Harvey Gibson, A. C. Seward, 


Prof. Marshall Ward, F.R.S. j 

Prof. F. 0. Bower, F.R.S. ... 

Sir George King, F.R.S j 

Prof. S, H. Vines, F.R.S 

Px'of. I. B. Balfour, F.R.S. ... 

Prof. J. R. Green, F.R.S 

A. 0. Seward, P.R.S 

Francis Darwin, F.R.S 

Sub-seotimi of AgrimUture — 
Dr. W. Somerville. 

Harold Wager, F.R.S. 

Prof. F. W. Oliver, F.R.S, ... 

Prof. J. B. Farmer, F.R.S. ... 

Dr, F, F. Blackman, F.R.S.... 


Lieut.- Col. D. .Prain, O.I.E., 
F.R.S. 

Siih^seetion of Agricultw'o — 
Major P. G. Craigie, O.B. 
Prof, J. W. H. Trail, F.R.S, 


Prof. P. E. Weiss. 

Prof. J. B. Farmer, E. 0. Jeffrey, 
A. C. Seward, Prof. F. E. Weiss. 
A. 0. Seward, H. Wager, J. W. White. 

G, Dowker, A. C. Seward, H. Wager. 
A. C. Seward, H. Wager, W. West. 
D. T. Gwynne-Vaughan, G. F. Scott- 

Elliot, A. 0. Seward, H. "Wager. 

A. G. Tansley, Rev. 0. H. Waddell, 
H. Wager, R. H. Yapp. 

H. Ball, A. G. Tansley, H. Wager, 
R. H. Yapp. 

Dr. F. F. Blackman, A. G. Tansley, 
H. Wager, T. B. Wood, R. H. Yapp. 

R. P. Gregory, Dr. Marloth, Prof. 

Pearson, Prof. B. H. Yapp. 

Dr. A. Burtt, R. P. Gregory, Prof. 

A. G. Tansley, Prof. R. H. Yapp. 
W. Bell, R. P. Gregory, Prof. A. G. 

Tansley, Prof. R. H. Yapp. 

Prof. H. H. Dixon, E. P. Gregory, 
A. G. Tansley, Prof. R. H. Yapp. 
Prof. A. H. R. Duller, Prof. D. T. 

Gwynne-Vaughan,Prof.R,H.Yapp. 
W. J. Black, Dr. E. J. Russell, Prof. 
J. Wilson. 

B. H. Benlley, R. P. Gregory, Prof. 
D. T. G Wynne- Vaughan, Prof. 
R. H. Yapp. 


SECTIQN L.-~EDUOATIONAL SCIENCE. 


1901. Glasgow ... 


Sir John E. Gorst, F.B.S. 


,..|R. A. Gregory, W. M. Heller, R. Y. 
Howie, C. W. Kimmins, Prof 
1 H. L. Withers. 



Ixxxviii PRESIDENTS AND SEGXiETARIES OF THE SECTIONS, 


Date and Place 


Presidents 


Secretaries 


1902. Belfast 


Prof. H. E. Armstrong, F.R.S. 


1903. Southport .. 

1904. Cambridge 

1905. South Africa 

1906. York 

1907. Leicester... 

1908. Dublin 


Sir W. de W. Abney, K.C.B., 

F.R.S. 

Bishop of Hereford, D.D. ... 

'Prof. Sir E- C. Jebb, D.C.L., 
M.P. 

Prof. M. E. Sadler, LL.D. ... 

Sir Philip Magnus, M.P 

Prof. L. 0. Miall, F.R.S I 


1909. Winnipeg... Rev. H. B, Gray, D.D 

1910. Sheffield ... Principal H. A. Miers, F.R.S. 


Prof. R. A. Gregory, W. M. Heller, 
R. M. Jones, Dr. C. W. Kimmins, 
l^rof. H. L. Withers. 

Prof. R. A. Gregory, M. Heller, 
Dr. C. W. Kimmins, Dr. H. L. Snape. 
J. H. Flather, Prof. R. A. Gregory, 
W. M. Heller, Dr. C. W. Kimmins. 
A. D. Hall , Prof. Hele-Shaw, Dr. 0. W. 

Kimmins, J. R. Whitton. 

Prof. R, A. Gregory, W, M. Heller, 
Hugh Richardson. ^ 

W. D. Eggar, Prof. R. A. Gregory, 
J. S. Laver, Hugh Richardson. 
Prof. E. P. Culverwell, W. D. Eggar, 
George Fletcher, Prof. R. A. 
Gregory, Hugh Richardson. 

W. D. Eggar, R. Fletcher, J. L. 

Holland, Hugh Richardson, 

A. J. Arnold, W. D. Eggar, J. L. 
Holland, Hugh Richardson. 


CHAIRMEN AND SECRETARIES op the CONFERENCES OF 
DELEGATES OF CORRESPONDING SOCIETIES. 


Date and Place 


Chairmen 


Secretaries 


1885. Aberdeen... 

1886. Birmingham 

1887. Manchester 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. CarditE 

1892. Edinburgh 

1893. Nottingham 

1894. Osiford 

1895. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 

1898. Bristol 

1899. Dover 

1900. Bradford... 

1901. Glasgow ... 

1902 Belfast 

1903. Southport.. 

1904. Cambridge ; 

1905. London ... 


Francis Galton, F.R.S 

Prof. A. W. Williamson, F.R.S. 
Prof.W.Boyd Dawkins, F.R.S. 

John Evans, F.R.S 

Francis Galton, F.R.S.......... 

G. J. Symons, F.R.S. 

G. J. Symons, F.R.S. ......... 

Prof. Meldola, F.R,S 

Dr. J. G. Garson 

Prof. Meldola, F.R.S 

G. J. Symons, F.R.S 

Dr. J. G. Garson 

Pro! Meldola, F.R.S 

W. Whitaker, F.R.S 

Rev, T. R. R. Stebbing, F.R.S. 
Prof, E. B. Poulton, F.R.S. ... 

|F. W. Rudler, P.G.S 

I Prof. W. W. Watts, F.G.S. ... 

,W, Whitaker, F.R.S 

I Prof. E. H. Griffiths, F.R.S. 

■ Dr. A. Smith Woodward, 
I F.R.S. 


1906. York 

1907. Leicester. 

1908. Dublin.,.. 

1909. Ijondon . 

1910. Sheffield . 


Sir Edward Brabrook, 

H. J. Mackinder, M.A........ 

Prof. H, A. Miers, P.R.S 

Dr. A. 0. Haddon, F.R.S. . 
Dr. Tempest Anderson.. 


Prof. Meldola. 

Prof. Meldola, F.R.S. 

Prof, Meldola, F.R.S. 

Prof. Meldola, F.R.S. 

Prof. G. A. Lebour. 

Prof. Meldola, F.R.S. 

Prof. Meldola, F.RB. 

T. V. Plolmes. 

T. V. Holmes. 

T. Y. Holmes. 

T. Y. Holmes, 

T. Y. Holmes. 

J. Hopkinson. 

T. Y. Holmes. 

T. Y. Holmes. 

T. Y. Holmes. 

Dr. J. G. G-arson, A, Somerville. 
B, J. Bles. 

F. W. Rudler. 
iF. W. Rudler. 

F. W. Rudler. 

If. W. Rudler. 

F. W. Rudler, IS.0. 

W. P. D. Stebbing. 

W. P. D. Stebbing. 

W. P. D. Stebbing. 



EVENING DISCOURSES. 
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EVENING DISC OUBSES. 

Lecturers Subject of Discourse 


Charles Vignoles, F.R.S The Principles and Construction of 

Atmospheric Railways. 

Sir M. I. Brunei The Thames Tunnel. 

R. L Murchison The Geology of Russia. 

Prof. Owen, M.D., F.R.S The Dinornis of New Zealand. 

Prof. E. Forbes, F.R.S.... The Distribution of Animal Life in 

the -®gean Sea. 

Dr. Robinson The Earl of Rosse’s Telescope. 

Charles Lyell, F.R.S Geology of North America. 

Dr. Falconer, F.R.S The Gigantic Tortoise of the Siwalik 

Hills in India. 

1845. Cambridge G.B.Airy, F.R.S., Astrou.Royal Progress of Terrestrial Magnetism. 

R. 1. Murchison, F,R.S Geology of Russia. 

1846. Soutliamp- Prof. Owen, M.D., F.R.S. ... Fossil Mammaliaof the British Isles. 

ton. Cliarles Lyell, F.R.S Valley and Delta of the Mississippi. 

W. R. Grove, F.R.S Properties of the BxplosiveSubstance 

discovered by Dr. Schonbein; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

1847. Oxford Rev. Prof. B. Powell, F.R.S. Shooting Stars. 

Prof. M. Faraday, F.R.S....... Magnetic and Diamagnetic Pheno- 
mena. 

Hugh E. Strickland, F.G.S.... The Dodo {D^dus ineptus). 

1848. Swansea ... John Percy, M.D., F.R.S Metallurgical Operations of Swansea 

and its Neighbourhood. 

W. Carpenter, M.D., F.R.S.... Recent Microscopical Discoveries. 

1849. Birming- Dr. Faraday, F.R.S Mr. Gassiot’s Battery. 

ham. Rev. Prof. Willis, M.A.,F.R.S. Transit of different Weights with 

varying Velocities on Railways. 

1860. Edinburgh Prof. J. H. Bennett, M.D., Passage of the Blood through the 

F.R.S.E. minute vessels of Animals in con* 

nection with Nutrition. 

Dr. Mantell, F.R.S Extinct Birds of New Zealand. 

1861. Ipswich ... Prof. R. Owen, M.D., F.R.S. Distinction between Plants and Ani- 

mals, and their Changes of Form. 

G. B. Airy, F.R.S., Astronomer Total Solar Eclipse of July 28, 

Royal 1861. 

1862. Belfast Prof- G. G. Stokes, D.C.L., Recent Discoveries in the properties 

F.R.S. of Light. 

Colonel Portlook, R.B., F.R.S. Recent Discovery of Rock-salt at 

Carrickfergus, and geological and 
practical considerations connected 
with it. 

1863. Hull Prof. J. Phillips, LL.D.,F.R.S., Some peculiar Phenomena in the 

♦ • F.G.S. Geology and Physical Geography 

of Yorkshire. 

Robert Hunt, F.E.S The present state of Photography. 

1864. Liverpool... Prof.'R. Owen, M.D., P.R.S. Anthropomorphous Apes, 

Col. E. Sabine, V.P.R.S Progress of Researches in Terrestrial 

Magnetism. 

1865. Glasgow ... Dr, W. B. Carpenter, F.R.S. Characters of Species, 

Lieut.-Col, H. Rawlinson ... Assyrian and Babylonian Antiquities 

and Ethnology. 

1866. Cheltenham Col. Sir H, Rawlinson Recent Discoveries in Assyria and 

• Babylonia, with the results of 

Cuneiform Research up to the 
present time. 

W. R. Grove, F.R.S. Correlation of Physical Forces. 


Date and Place 

m 

1842. Manchester 

1843. Cork 

1844. York 



EVENING biSCOtJHSES. 
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Date and Place 

1857. Dublin 

1858. Leeds 

1859. Aberdeen... 

1860. Oxford 

1863. Manchester 

1862. Cambridge 

1863. Newcastle 

1864. Bath j 

1865. Birming- 

ham. 

i 

1866. Nottingham 

1867. Dundee j 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast 

1876. Bristol 

1876. Glasgow 


Lecturers 


Subject of Discourse 


Prof. W. Thomson, F.B,S. ... 
Hev. Dr. Livingstone, D.O.L. 
Prof. J. Phillips, LL.D..F.11.S. 
Prof. E. Owen, M.D., F.E.S. 
Sir R. I. Murchison, D.C.L..., 

Rev, Dr. Robinson, F.R.S. ... 

Rev. Prof, Walker, F.R.S. ... 
Captain Sherard Osborn. R.N. 
Prof. W. A. Miller, M.A.,F.R.S. 
G.B.Airy,F.R.S.,A.stron.Royal 
Prof. Tyndall, LL.D., F.R.S. 

Prof. Odling, F.R.S 

Prof. Williamson, F.R.S 


I James Glaisher, F.R.S 

Prof. Roscoe, F.R.S 

|Dr. Livingstone, F.R.S 

J. Beete Jukes, F.R.S 


William Huggins, F.R.S 

Dr. J. D. Hooker, F.R.S..^.... 
Archibald Geikie, F.R.S....... 

Alexander Herschel,F.R.A.S, 

J, Fergusson, F.R.S 

Dr. W. Odling, F.R.S 

Prof. J. Phillips, LL.D.,F.R.S. 
J. Norman Lockyer, F.R.S. .. 

Prof. J. Tyndall, LL.D., F.R.S, 

Prof .W. J. Macquorn Rankine, 
LL.D., F.R.S. 

P, A. Abel, F.R.S..... 

E. B. Tylor, F.R.S 

Prof. P, Martin Duncan, M.B., 
F R S 

Prof. W* K. Clifford 

Prof. W. C.Williamson, F.R.S. 
Prof. Clerk Maxwell, F.R.S. 
Sir John Lubbock, Bart., M.P., 
F.R.S. 

Prof* Huxley, F.R.S 

W.Spottiswoode,LL.D.,F.R. S. 

F, J. Bramwell, F.R.S 

Prof. TAlt, F.R.S.E. • 

Sir Wyville Thomson, F.R.S. 


The Atlantic Tolegraplj. 

Recent Discoveries in Africa, 

The Ironstones of Yo)^?shire. 

The Fossil Mammalia of Australia. 

The Geology of the Northern 
Highlands. 

Electrical Discharges in highly 
rarefied Media. 

Physical Constitution of the Sun. 

Arctic Discovery. ,, 

Spectrum Analysis. 

The late Eclipse of the Sun. 

The Forms and Action of Water. 

Organic Chemistry. 

The Chemistry of the Galvanic 
Battery considered in relation 
to Dynamics. 

The Balloon Ascents made for the 
British Association. 

The Chemical Action of Light. 

Recent Travels in Africa. 

Probabilities as to the position and 
extent of the Coal-measures be- 
neath the red rocks of the Mid- 
land Counties. 

The Results of Spectrum Analysis 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological Origin of the present 
Scenery of Scotland, 

The present state of Knowledge re- 
garding Meteors and Meteorites. 

Archaeology of the early* Buddhist 
Monuments, 

Reverse Chemical Actions. 

Vesuvius. 

The Physical Constitution of the 
Stars and Nebulae. 

The Scientific Use of the Imagi- 
nation. 

Stream-lines and Waves, in connec- 
tion with Naval Architecture. 

Some Recent Investigations and Ap- 
plications of Explosive Agents. 

The Relation of Primitive to Modern 
Civilisation. 

Insect Metamorphosis. * 

The Aims and Instruments of Scien- 
tific Thought. 

Coal and Coal Plants. 

Molecules, 

Common Wild Flowers considered 
in relation to Insects, 

The Hypothesis that Animals are 
Automata, and its History, 

The Colofirs of Polarised Light. 

Railway Safety Appliances. 

Force. 

The * Challenger Expedition. 
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Date and Place 


Lecturers 


Subject of Discourse 


1877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 
18 BO. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport... 

1884. Montreal... 

1885. Aberdeen... 

1886. Birming- 

ham. 

1887. Manchester 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham 

1894. Oxford 

1895. Ipswich ...' 

1896. Liverpool... 

1897. Toronto ... 


W. Warington Sm\th, M.A., 
E R S 

Prof. Odling, P.R.S 

G. J. Romanes, F.L.S 

Prof. Dewar, P.R.S. 

W. Crookes, P.R.S 

Prof- E. Ray Lankester, P.R.S. 
Prof.W.Boyd Dawkins, P.R.S. 

Francis Galton, P.R.S 

Prof. Huxley, Sec. R.S 

W. Spottiswoode, Pres. B.S.... 

Prof. Sir W m. Thomsen, P.R.S. 
Prof. H. N. Moseley, P.R.S. 
Prof. R. S. Ball, P.R.S 

Prof. J. G. McKendrick 

Prof. 0. J. Lodge, D.Sc 

Rev. W. H. Dallinger, P.R.S. 


Prof. W. G. Adams, F.R.S. ... 

John Murray, P.R.S.E 

A. W. Riiokcr, M.A., P.R.S. 
Prof. W. Rutherford, M.D. ... 

Prof. H. B. Dixon, P.R.S. ... 
Col. Sir P. de Winton ......... 

Prof.W. E. Ayrton, P.R.S. ... 

Prof. T. G. Bonney, D.Sc., 
F.R.S. 

Prof, W. C. Roberts-Austen, 
F.KS. 

Walter Gardiner, M.A 


E. B. Poulton, M.A., P.R.S.... 
Prof. C. Vernon Boys, P.R.S. 
Prof. L. C. Miall,P.L.S.,P.G.S. 

Prof.A.W.Ruoker,M.A.,P.R.S. 
Prof. A. M. Marshall, P.R.S. 
Prof. J, A. Ewing, M. A., B\R.S. 
Prof. A. Smithells, B.Sc. 

Prof. Victor Horsley, B\R.S. 

J. W. Gregory, D.Sc., P.G.S. 

Prof. J.Shield Nicholson, M.A. 

Prof. >S. P. Thompson, P.R.S. 
Prof. Percy P. Prankland, 
P.R.S. 

Dr. F. Elgar, P.ILS 

Prof. BTinders Petrie, D.O.L. 
Prof. W. C. Roberts-Austen, 
P.R.S, 

J. Milne, P.R.S., 


Physical Phenomena connected with 
the Mines of Cornwall and Devon. 

The New Element, Gallium. 

Animal Intelligence. 

Dissociation, or Modern Ideas of 
Chemical Action. 

Radiant Matter. 

Degeneration. 

Primeval Man. 

Mental Imagery. 

The Rise and Progress of Palaeon- 
tology. 

The Electric Discharge : its Forms 
and its Functions. 

Tides. 

Pelagic Life. 

Recent Researches on the Distance 
of the Sun. 

Galvanic and Animal Electricity. 

Dust, 

The Modern Microscope in Re- 
searches on the Least and Lowest 
Forms of Life. 

The Electric Light and Atmospheric 
Absorjption. 

The Great Ocean Basins. 

Soap Bubbles. 

The Sense of Hearing. 

'The Rate of Explosions in Gases. 

Explorations in Central Africa. 

The Electrical Transmission of Power 

The Foundation Stones of the Earth’s 
Crust. 

The Hardening and Tempering of 
Steel. 

How Plants maintain themselves in 
the Struggle for Existence. 

Mimicry. 

Quartz ITibrcs and their Applications, 

Some Difficulties in the Life of 
Aquatic Insects. 

Electrical Stress. 

Pedigrees. 

Magnetic Induction. 

Flame. 

The Discovery of the Physiology of 
the Nervous System. 

Experiences and Pros^jects of 
African Exploration. 

Historical Progress and Ideal So- 
cialism. 

Magnetism in Rotation. 

The Work of Pasteur and its various 
Developments. 

Safety in Ships, 

Man before Writing. - 

Canada’s Metals. 

Earthquakes and Volcanoes. 
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Date and Place 


Lecturers 


Subject of Discourse 


1898. Bristol 

1899. Dover 

1900. Bradford... 

1901. Glasgow ... 

1902. Belfast ... 

1903. Southport... 

1904. Cambridge 

1905. South 

Africa : 

Cape Town ... 

Durban 

Pietermaritz- 

burg. 

Johannesburg 

Pretoria 

Bloemfontein... 

Kimberley 

Bulawayo 

1906. York 

1907. Leicester... 

1908. Dublin 

1909. Winnipeg... 


1910. Sheffield ... 


Prof. W. J. Sollas,F.E.S 

Herbert Jackson 

Prof. Charles Eichet 

Prof. J. Fleming, F.R.S 

Prof. F. Gotch, F.E.S 

Prof. W. Stroud 

Prof. W. Eamsay, F.R.S 

Francis Darwin, F.R.S 

Prof. J. J. Thomson, F.R.S.... 
Prof. W. F. R. Weldon, F.E.S. 
Dr. R. Munro 

Dr. A. Rowe 

Prof. G. H. Darwin, F.R.S.... I 
Prof. H. F. Osborn 


Prof. E. B. Poulton, F.R.S 

C. Vernon Boys, F.R.S ^ 

Douglas W. Freshfield 

Prof. W. A. Herdman, F.R.S. 
Col, D. Bruce, O.B., F.R.S.... 

H. T. Ferrar 

Prof. W. E. Ayrton, F.R.a... 

Prof. J. 0. Arnold 

A. E. Shipley. F.R.S 

A. R. Hinks 

SirWm. Crookes, B‘.R.S. 

Prof. J. B. Porter 

! D. Bandall-Maolver 

I Dr. Tempest Anderson 

i Dr. A. D. Waller, P.R.S 


W. Duddell, F.R.S 


Dr. F. A. Dixey 

Prof. H. H. Turner, P.R.S. ... 

Prof, W. M Davis. 

Dr. A., E. H. Tutton, F.R.S..,. 

Prof. W. A. Herdman, F.R.S. 
* Prof. H. B. Dixon, FJt.S. ... 
I* Prof. J. H. Poynting, F.R.S. 

I Prof. W. Stirling, M.D 

Id. G. Hogarth 


Funafuti : the Study of a Coral Island. 
Phosphorescence. • 

La vibration nerveuse, 
TbeCentenary of the EfeotricCurrent. 
Animal Electricity. 

Range Finders. 

The Inert Constituents of the 
Atmosphere. 

The Movements of Plants. 

Becquerel Rays and Radio-activity. 
Inheritance. 

Man as Artist and Sportsman in the 
Palaeolithic Period. 

The Old Chalk Sea, and some of its 
Teachings. 

I Ripple- Marks and Sand-Dunes. 
'Palaeontological Discoveries in the 
I Rocky Mountains. 

W. J. BurcheU’s Discoveries in South 
I Africa. 

I Some Surface Actions of Fluids. 

The Mountains of the Old World. 
Marine Biology. 

Sleeping Sickness. 

The Cruise of the ‘Discovery.’ 

The Distribution of Power. 

Steel as an Igneous Rook. 

BTy-borne Diseases : Malaria, Sleep- 
I ing Sickness, &;o. 

The Milky Way and the Clouds of 
Magellan. 

Diamonds. 

The Bearing of Engineering on 
Mining. 

The Ruins of Rhodesia, 

Volcanoes. 

The Electrical Signs of Life, and 
their Abolition by Chloroform. 
The Ark and the Spark in Radio- 
telegraphy. 

Recent Developments in the Tlieory 
of Mimicry. 

Halley’s Comet. 

The Lessons of the Colorado Canyon. 
The Seven Styles of Crystal Archi- 
tecture. • • 

Our I’ood from the Waters. 

The Chemistry of Flame. 

The Pressure of Light. 

Types of Animal Movement.^ 

New Discoveries about the Hittites, 


* * Popular Lectures,’ delivered to the citizens of Winnipeg. 

* Repeated, to the public, on Wednesday, September 7- 
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LECTURES TO THE OPERATIVE CLASSES. 


Date and Place Lecturers Subject of Lecture 

1867. Dundee....... Prof.J. Tyndall, LL.D.,F.R.S. Matter and Force. 

1868. Norwich ... Prof. Huxley, LL.D., F.R.S. A Piece of Chalk. 

1869. Exeter Prof. Miller, M.D., F.R.S. ... The modes of detecting the Com- 

position of the Sun and other 
Heavenly Bodies by the Spectrum. 

1870. Liverpool... S ir John Lubbock, Bart .,F.R.S. Savages. 

1872. Brighton ... W.Spottiswoode,LL.D.,P.R.S. Sunshine, Sea, and Sky. 

1873. Bradford ... C.W. Siemens, I).C.L.,F.R.S. Fuel. 

1874. Belfast Prof. Odling, F.R.S The Discovery of Oxygen. 

1875. Bristol Dr. W. B. Carpenter, F.R.S. A Piece of Limestone. 

1876. Glasgow ... Commander Cameron, O.B.... A Journey through Africa. 

1877. Plymouth... W. H. Preece.... Telegi-aphy and the Telephone, 

1879. Sheffield ... W. B. Ayrton Electricity as a Motive Power 

1880. Swansea ... H. Seebohm, P.Z.S The North-East Passage, 

1881. York Prof. Osborne Reynolds, Raindrops, Hailstones, and Snow- 

F.R.S. flakes. 

1882. Southamp- Dr. John Evans, Treas. R.S. Unwritten History, and how te 

ton. read it. 

1883. Southport... Sir F. J. Bramwell, F.R.S. ... Talking by Electricity— Telephones. 

1884. Montreal ... Prof. R. S. Ball, F.R.S Comets. 

1885. Aberdeen... H. B, Dixon, M.A The Nature of Explosions. 

1886. Birmingham Prof. W. C. Roberts- Austen, The Colours of Metals and theii 

F.R.S. Alloys. 

1887. Manchester Prof. G. Forbes, F.R.S Electric Lighting. 

1888. Bath Sir John Lubbock, Bart., F.R.S. The Customs of Savage Races. 

1889. Newcastle- B. Baker, M,Inst.C.B The Forth Bridge. 

upon- Tyne 

1890. I.eeds Prof. J. Perry, D.Sc., F.R S. Spinning Tops. 

1891. Cardiff Prof, S. P. Thompson, F.R.S. Electricity in Mining. 

1892. Edinburgh.. Prof. G. Vernon Boys, F.R.S. Electric Spark Photographs. 

1893. Nottingham Prof. Vivian B. Lewes Spontaneous Combustion. 

1894. Oxford Prof. W. J. Sollas, F.R.S. ... Geologies and Deluges. 

1896. Ipswich ... Dr. A. H. Fison Colour. 

1890. Liverpool... Prof. J. A. Fleming, F.R,S.... The Earth a Great Magnet. 

1897. Toronto ... Dr. H. 0. Forbes New Guinea. 

1898. Bristol Prof. E. B. Poulton, F.R.S. ... The ways in which Animals Warn 

their Enemies and Signal to their 
Friends. 

1900. Bradford... Prof. S. P. Thompson, F.R.S. Electricity in the Industries. 

1901. Glasgow ... H J. Mackinder, M.A The Movements of Men by Land 

and Sea. 

1902. Belfast Prof. L. C. Miall, F.R.S, Gnats and Mosquitoes. 

1903. Southport... Dr. J. S. Flett Martinique and Si. Vincent; the 

Eruptions of 1902. 

1904. CambTidge.. Dr. J. E. Marr, F.R.S The Forms of Mountains. 

1906, York Prof. S. P. Thompson, F.R.S. The Manufacture of Light. 

1907, Leicester... Prof. H. A. Miers, F.R.S....... The Growth of a Crystal. 

1908, Dublin Dr. A. E. H. Tutton, F.R.S. The Crystallisation of Water. 

1910. Sheffield ... 0. T. Heycook, F.R.S Metallic Alloys. 



Xciv ATTENDANCES AND RECEIPTS AT ANNUAL MEETINGS, 


Table showing the Attendances and Meceipts 



" 


Old Life 

New Life 

Date of Meeting 

Where held 

Presidents 

Members 

Members 

1831, Sept. 27 

York 

Yiscount Milton, D.O.L.. P.R.S 

— 


1832, June 19 

Oxford 

The Rev. W. Bncklaud, E.R.S 

— 

— • 

! 1833j June 25 

Cambridge 

The Rev. A. Sedgwick, P.R.S 

— 

— 

’ 1834, Sept. 8 

Edinburgh 

Sir T. M. Brisbane, D.G.L., P.R.S. .. 

— » 

— 

1 1835, Aug. 10 

Dublin 

The Rev, Provost Lloyd, LL.D., P.R.S. 

— 

— 

1 1836, Aug. 22 

Bristol 

Tbe Marquis of Laus’downe, P.R.S,... 

* 

— 

i 1837, Sept. 11 

Liverpool 

The Earl of Burlington, P.R.S 


— 

i 1838, Aug. 10 

NeAVcastle-on-Tyue. . . 

The Duke of Northumberland, P.R.S. 

— 

— 1 

1839, Aug. 26 

Birmingham 

The Rev. W. Vernon Harcourt, P.R.S. 

— 

— 

1840, Sept. 17 

Glasgow 

The Marquis of Breadalbane, P.R.S. 

— 

— 

1841, July 20 

Plymouth 

The Rev, W. Whewell, F.R.S 

169 

65 

1842, June 23 

Manchester 

The Lord Francis Egerton, P.G.S. ... 

303 

169 

1843^ Aug. 17 

Cork 

The Earl of Rosse, P.R.S 

109 

28 

1844^ Sept. 26 

York 

q’he Rev. G, Peacock, D.D., P.R.S. ... 

226 

150 

1845; June 19 

Cambridge 

Sir John P. W.Herschel, Bart., P.R.S; 

313 

36 

1846, Sept. 10 ... 

Southampton 

Sir Roderick I.Murchisou,Bart.,F.R.S. 

241 

•10 

1847jJune23 

Oxford 

Sir Robert H. Inglis, Bart., P.R.S. ... 

314 

18 

1848, Aug. 9 

Swansea 

TheMarquis ofNorthampton,Pres.R.S. 

149 

3 

1849, Sept. 12 

Birmingham 

The Rev. T. R. Robin-soii, D.D. P.R.S. 

227 

12 

1850, July 21 

Edinburgh 

Sir David Brewster, K.H., F.R.S 

235 

9 

1851, July 2 

Ipswich..., 

G. B. Airy, Astronomer Royal, F.ll.S. 

172 

8 

1852, Sept. 1 

Belfast 

Lieut.-General Sabine, P.R.S 

164 

10 

1853; Sept. 3 

Hull 

William Hopkins, PJI.S 

141 

13 

1854, Sept. 20 

Liverpool 

The Earl of Harrowby, P.R.S 

238 

23 

1856, Sept. 12 

(ilasgbw 

The Duke of Argyll, P.R.S 

194 

33 

1856, Aiig. 6 

Cheltenham 

Pi-of. 0. G. B. Daubeny, At.I)., P.R.S.. .. 

182 

14 

1857, Aug. 26 

Dublin 

The Rev. H. Lloyd, D.D., P.R S 

236 

16 

1858,' Sept. 22 

Leeds 

Richard Owen, M.D., D.O.L., P.R.S.... 

222 

42 

1859, Sept. 14 

Aberdeen 

H.R.H. The Prince Consort 

184 

27 

1860, June 27 

Oxford 

Tlie Lord Wrottesley, M.A., P.R.S. ... 

286 

21 

1861, Sept. 4 

Manchester 

William Pairbaim, LL.D., P.R.S 

321 

113 

1862, Oct. 1 

Cambridge 

The Rev. Professor Willis, M.A.,P.R.S. 

239 

15 

1863, Ang. 26 

Newcastle-on-Tyne. . . 

SirWilliam G. Armstrong.C.B., P.R.S. 

203 

36 

1864, Sept. 13 

Bath 

Sir Charles Lyell, Bart., M.A., P.R.S. 

287 

40 

1865, Sept. 6 

Birmingham 

Prof. J. Phillips, M.A., LL.D., P.R.S. 

292 

U 

1866, Aug. 22 

Nottingham 

William R. Grove, Q.O., P.R.8 

207 

31 

1867, Sept, 4 

Dundee 

The Duke of Buccleuch, E.03.,P.R.S. 

167 

25 

1868; Aug. 19 

Norwich 

Dr. Joseph D. Hooker. P.R.S. 

196 

18 

1869, Aug. IS 

Exeter 

Prof. G. G. Stokes, D.C.L., P R.S 

204 

21 

1870, Sept. 14 

Liverpool 

Prof. T. H. Huxley, LL.D., P.R.S. ... 

314 

39 

1871, Aug. 2 

Edinburgh 

Prof. Sir W. Thomson, LL.D., P.R.S. 

246 

28 

1872, Aug. 14...... 

Brighton 

Dr. W. B, Carpenter, P.R.S 

245 

36 

1873, Sept. 17 

Bradford 

Prof. A. W. Williamson, F.R.S 

212 

27 

1874, Aug. 19 

Belfast 

Prof. J. Tyndall, LL.D., P.R.S 

162 

13 

1875, Aug. 25 

Bristol 

Sir John Hawkshaw, P.R.S. 

239 

36 

1876, Sept. 6 

Glasgow 

Prof. T. Andrews, M.D., P.R.S. 

221 

35 

1877, Aug. 15 

Plymouth 

Prof. A. Thomson, M.D., F.R.S 

173 

19 

1878, Aug. 14 

Dublin 

W. Spottiswoode,M.A., P.R.S 

201 

18 

1879, Aug. 20 

Sheffield 

Prof. G. J. AUman, M.D., P.R.S 

184 

16 

1880, Aug. 25 

Swansea 

A. 0. Ramsay, LL.D,, P.R.S 

144 

11 

1881, Aug. 31 

York 

Sir John Lubbock, Bart., .P.R.S 

272 

28 

1882, Aug. 23 

Southampton 

Dr. G. W. Siemens P.R.S. 

178 

17 

1883, Sept- 19 

Southport 

Prof. A. Cayley, D.C.L., P.R.S 

203 

60 

1884, Aug. 27 

Montreal 

Prof. Lord Rayleigh, F.R.S 

235 

20 

1885, Sept. 9 

Abenleen 

Sir Lyon Playfair. K.O.B., P.li.S....... 

226 

IS 

1886, Sept. 1 

Birmingham 

Sir J. W, Dawson,' O.M.G., P.R.S 

314 

25 

1887, Aug. 31 

Manchester 

Sir H. E. Roscoe, D.O.L., P.R.S 

428 

86 

1888, Sept. 5 

i Bath 

Sir P. J. Bramwell, P.R.S 

266 

36 

1889, Sept. 11 

Newcastle-on-Tyne,., 

Prof. W. H, Flower, O.B., P.R.S 

277 

20 

1890, Sept. 3 

Leeds 

Sir P, A. Abel, O.B., P.R.S 

259 

21 

1891, Aug. 19 

Cardiff 

Dr. W. Huggins, P JI.S 

189 

24 

1892, Aug. 3 

Edinburgh 

Sir A. Goikie, LLJ:>., P.R.S 

280 

14 

1893, Sept. 13 

Nottingham, 

Prof. J. S. Burden Sanderson, P,R.S. 


17 

1894, Aug. 8 

Oxford 

The Marquis of Salisbury, K.G.,P.R.S. 

357 • 

21 

1806, Sept. 11 

Ipswich 

Sir Douglas Galton, K.O.'B., P.R,S. ... 

214 

13 

1896, Sept. 16 

laverpool 

Sir Joseph Lister, Bart., Pres. R.S, ... 

330 

31 

1897, Aug. 18 

Toronto 

Sir John Evans, P.B.S. .. 

120 

8 

1898, Sept. 7 

Bristol 

Sir W. Crookes, P.R.S 

281 

19 

1899, Sept. IS 

Dover 

Sir Mieha^ Poster, K.C.B., Sec,R.S.... 

296 

20 

1900, Sept. 5 

Bradford 

SirWilliam Turner, D.O.L 1 ., P.R.S. ... 

267 

13 

1901, Sept. 11 

Glasgow 

Prof. A. W. RUcker, D.Sc., SeeB.S. 

310 

37 

1902, Sept. 20 

Belfast 

Prof- J- Dewar, LL.D., F.R,S 

243 

21 

1903, Sept. 9 

Southport 

Sir Norman Lock.yer, K.G.B., P.R.S.' 

250 

21 

1904, Ang. 17 

Cambridge 

Rt. Hon. A. J. Balfour, M.P., P.R.S. 

410 

32 

1905, Aug. 15 

South Africa 

Prof. G. H. Darwin, LL.D., P.R.S. ... 

115 . 

40 

, 1908, Ang, 1 

York 

Prof. E. Ray Lankester, LL.D., F.R.S, 

322 

10 

1907, July 31 

i Leicester 

1 Sir David Gill, K.O.B., F.R.S. T 

276 

19 

1908, Sept. 2 

1 Dublin 

Dr. Francis Darwin, P.R.S 

294 

24 

1909, Ang. 25 . 

Winnipeg 

i Prof. Sir J. J. Thomson, P.R.S 

117 

1.3 

1910, Aug. 31 

' Sheffield 

Rev. Prof. T. G. Bouncy, P.R.S. . . 

293 

26 1 


« Ladies weare not admitted by parehased tickets until 1843. + Tickets of Admission to Sections only, 

V Includinjf 848 J^embers of tbe South African Association. ^ 
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%t Annual Meetings of the Association. 


Old 

Annual 

Members 

New 

Annual 

Members 

Asso- 

ciates 

Ladies 

Foreigners 

Total 

Amount 
received 
during the 
Meeting 

Sums paid 
on account 
of Grants 
for Scientific 
Purposes 

Year 



— 

— 




353 

— 


— 


1831 






— 

— 

— 


— 


1832 





— 

— 



900 

— 


— 


1833 



• — 



— 



1298 




£20 0 

0 

1834 





— 

— 

— 

— 

— 


167 0 

0 

1835 






— 

— 

1350 

— 


435 0 

U 

1836 







— 



1810 




922 12 

6 

1837 





— 

1100« 

— 

2400 

— 


932 2 

2 

1838 



. 



— 

34 

1438 

— 


1595 11 

0 

1839 







— 

40 

1353 

— 


1546 16 

4 

1840 

46 

317 



60* 



891 




1235 10 11 

1841 

76 

376 

33t 

331* 

28 

1315 

— 


1449 17 

8 

1842 

71 

186 



160 

— 


— 


1505 10 

2 

1843 

45 

190 

9t 

260 

— 

— 

— 


981 12 

8 

1844 

94 

22 

407 

172 

35 

1079 

— 


831 9 

9 

1845 

65* 

39 

370 

196 

36 

857 

— 


685 18 

0 

1846 

107 

40 

496 

203 

53 

1320 

— 


208 5 

4 

1847 

64 

25 

376 

197 

15 

819 

£707 0 

0 

275 1 

8 

1848 

93 

33 

447 

237 

22 

1071 

963 0 

0 

169 19 

6 

1849 

128 

42 

510 

273 

44 

1241 

1085 0 

0 

S15 18 

0 

1850 

61 

47 

24^1 

141 

37 

710 

620 0 

0 

391 9 

7 

1851 

63 

60 

510 

292 

9 

1108 

loss 0 

0 

304 6 

7 

1852 

66 

57 

367 

236 

6 

876 

9U3 0 

0 

205 0 

0 

1853 

121 

121 

765 

524 

10 

1802 

1882 0 

0 

380 19 

7 

1854 

142 

101 

1091 

543 

26 

2133 

2311 0 

0 

480 IG 

4 

1855 

104 

48 

412 

346 

9 

1115 

1098 0 

0 

734 13 

9 

1856 

166 

120 

900 

569 

26 

2022 

2015 0 

0 

507 15 

4 

1857 

111 

91 

710 

509 

13 

1698 

1931 0 

0 

618 18 

2 

1858 

126 

179 

1206 

821 

22 

2564 

2782 U 

0 

084 11 

1 

1859 

177 

69 

636 

463 

47 

1689 

1604 0 

0 

706 19 

6 

1860 

184 

125 

1589 

791 

15 

3138 

3944 0 

0 

nil 5 

10 

1861 

150 

67 

433 

242 

26 

1161 

1089 0 

0 

1203 16 

6 

1802 

1)4 

209 

1704 

1004 

25 

3335 

3040 0 

0 

1008 3 10 

1863 

182 

103 

1119 

1058 

13 

2802 

2965 0 

0 

1289 15 

8 

1864 

215 

149 

766 

608 

23 

1997 

2227 0 

0 

1691 7 10 

1865 

218 

106 

960 

771 

11 

2303 

2469 0 

0 

1750 13 

4 

1866 

193 

118 

1163 

771 

7 

2444 

2613 0 

0 

1730 4 

0 

1867 

226 

117 

720 

682 

45t 

2004 

2042 0 

0 

1940 0 

0 

1868 

229 

107 

678 

600 

17 

1856 

1931 0 

0 

1622 0 

0 

1860 

303 

195 

1103 

910 

14 

2878 

3096 0 

0 

1572 0 

0 

1870 

311 

127 

976 

754 

21 

2463 

2675 0 

0 

1472 2 

6 

1871 

280 

80 

937 

912 

43 

1 2533 

2649 0 

h 

1285 0 

0 

1872 

237 

99 

796 

601 

11 

t 1983 

2120 0 

0 

1685 0 

0 

1873 

232 

85 

817 

630 

12 

1951 

1979 0 

0 

1161 16 

0 

1874 

307 

93 

884 

672 

17 

2248 

2397 0 

0 I 

900 0 

0 

1875 

331 

185 

1265 

712 

25 

2774 

3023 0 

0 

]092 4 

2 

1876 

238 

59 

446 

283 

11 

1229 

1268 0 

0 

1128 9 

7 

1377 

290 

93 1 

1285 

G74 

17 

2578 

! 2615 0 

0 

725 16 

0 

1878 

280 

74 

629 

349 

13 

1404 

1425 0 

0 

1080 11 11 

1879 

171 

41 

389 

147 

12 

915 

809 0 

0 

731 7 

7 

1880 

313 

176 

1230 

614 

24 

2557 

2689 U 

0 

476 8 

1 

1881 - 

263 

79 

616 

189 

21 

1253 

1286 0 

0 

1126 1 11 

1882 

330 

323 

952 

841 

5 

2714 

3309 U 

0 

1083 3 

3 

1883 

317 i 

219 

820 

74 

20&G0H.§ 

1777 

1855 ■ {) 

0 

1173 4 

0 

1884 

832 

122 

1053 ! 

447 

6 

2203 

2256 0 

0 

13B5 0 

0 

1885 

428 

179 

1067 i 

429 

11 

2463 

2632 U 

0 

995 0 

6 

1886 

610 

214 

1985 

403 

92 

3838 

4336 0 

0 

1186 18 

0 

1887 

399 

100 

639 

509 

12 

1984 

2HI7 0 

0 

1611 0 

5 

1888 

412 

113 

1024 

679 

21 

2437 

2441 0 

0 

1417 0 

11 

1889 

368 

92 

680 

334 

12 

1775 

1776 0 

0 

789 16 

8 

1890 

341 

152 

672 

107 

35 

1497 

1664 0 

0 

1029 10 

0 

1891 

413 

141 

733 

430 

60 

2070 

2007 0 

0 

864 10 

0 

1892 

328 

^ 67 

773 

268 

17 

1661 

1663 0 

0 

907 15 

6 

1893 

435 

• 6§ 

941 

451 

77 

2321 

2176 0 

0 

583 15 

6 

1894 

290 

31 

493 

261 

22 

1324 

1236 0 

0 

977 15 

5 

1896 • 

383 

139 

2384 

873 

41 

3181 

3228 0 

0 

1104 6 

1 

1896 

286 

125 

6g2 

100 

41 

1362 

1398 0 

0 

1059 10 

8 

1897 

327 

96 

1051 

639 

33 

2446 

2399 0 

0 

1212 0 

0 

1898 

324 

68 

548 

120 

27 

1403 

1328 0 

0 

1430 14 

2 

1899 

297 

45 

801 

482 

9 

1915 

1801 0 

0 

1072 10 

0 

1900 

374 

131 

794 

246 

20 

1912 

2040 0 

0 

945 0 

0 

1901 

314 

86 

647 

305 

6 

1620 

1644 0 

0 

947 0 

0 

1902 

319 

90 

688 

365 

21 

1754 

1762 0 

0 

845 IS 

2 

1903 

449 

113 

1338 

317 

121 

2789 

2650 0 

0 

887 18 11 

1904 

937«lf 

411 

430 

181 

16 

2130 

2422 0 

0 

928 2 

2 

1905 

366 

93 

817 

352 

22 

1972 

18U 0 

0 

882 0 

9 

1906 

330 

61 

659 * 

251 

42 

1647 

1561 0 

0 

757 12 10 

190r 

465 

112 

1166 

222 

14 

2297 

2317 0 

0 

1167 18 

8 

1908 

290*» 

162 

789 

90 

7 

1468 

1623 0 

0 

1014 9 

9 

1909 

. 379 

67 

663 

123 

i 8 

1440 

1 1439 0 

0 

1 063 17 

0 

1910 


i Includi ng T^^es, $ Fellows of the American Association were admitted as Hon, Members for this Meeting, 
including 137 Members of the American Association. 
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ANALYSIS OF ATTENDANCES AT THE ANNUAL 
MEETINGS, 1831-1910. 

[5%e total attendances for the years 1832, 1835, 1843, and 1844 
are unknown,'\ 

Average attendance at1% Meetings : 18481 

Average 

Attendance 


Average attendance at 3 Meetings beginning during June, between 

1833 and 1860 1260 

Average attendance at 4 Meetings beginning during July, between 

1841 am>d 1907 1122 

Average attendance at 30 Meetings beginning during August, between 

1836 and 1010 1943 * 

Average attendance at 35 Meetings beginning during 8eg)tembeT, 

between 1831 and 1908 1944 

Attendance at 1 Meeting held in October, Cambridge, 1862 . 1161 


Meetings beginning during August and Seytemher, 

Average attendance at — 


4 Meetings beginning during the 1st week in August ( 1st- 7tb) . 1905 

5 ,, „ ,, „ 2nd ,, ,, ( 8th"“14th) , 2130 

8 „ 3rd „ „ (15th-21st) , 1761 

13 „ „ „ „ 4th „ „ „ (22nd-31st) . 1996 

Average attendance at — 

12 Meetings beginning daring the 1st week in Sejftember( Ist- 7th). 2100 

16 „ „ „ „ 2nd „ „ ( 8th-.14tb). 1860 

5 „ „ „ 3rd „ ,, „ (16th-21st). 2206 

2 „ „ ,, •„ 4th „ „ „ (22nd--30th). 1025 

Meetings beginning during June^ July^ and October. . 

Attendance at 1 Meeting (1845, June 19) beginning during the 3rd 

week in (15th-21st) 1079 

Average' attendance at 4 Meetings beginning during the 4th week in 

Jnm (22nd-30th) 1306 

Attendance at 1 Meeting (1851, July 2) beginning during the 1st 

week in July (lst-7th) 710 

Average attendance^at 2 Meetings beginning during the 3rd week in 

July (15th-21st) " 1066 

Attendance at 1 Meeting (1907, July 31) beginning during the 6th 

week in July (29th-31st) 1647 

Attendance at 1 Meeting (1862, October 1) beginning during the 1st 
week in (lst-7th) . 1161 


^ Average attendance at 31 Meetings, including South Africa, 1905 (August 16- 
September 1); 1949. . ® 

2 Average atibendance at 9 Meetings, imluding South Africa, 1905 (August 16- 
September 3); 1802, 



feUlANTS OF MONEY. 
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Oenerat Staiemmi 6f Sums which have been 'paid on account of 
Grants for Scientific Purposes, 


1834. 

• £ s. ^d. 

Tide Discufigions ^ 0 ^ 0 


1835. 

Tide Discussions 62 0 0 


British Fossil Ichthyology ... 105 0 0 
i‘I(57 0 0 


• 

1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology ... 105 0 0 

Thermometric Observations, 

kc 60 0 0 

Experiments on Long-con- 
tinued Heat 37 1 0 

Rain-gauges 0 13 0 

Refraction Experiments 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

Mm 0 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterra- 
nean Temperature 03 3 0 

Vitrification Experiments ... 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers.. 11 18 6 

£022 12 6 


1838. 

Tide Discussions 20 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations 
and Anemometer Construc- 
tion 100 0 0 

Strength j^f Cast Iron 60 0 0 

Preservation of Animal and 

Vegetable Substances 19 110 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 6 6 

Education Committee 60 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Steam- vessels 100 0 0 


Meteorological Committee ... 31 9 5 
£932 2 2 


1839. 

£ s. d. 

Fossil Ichthyology 110 0 0 

Meteorological Observations 

at ITy mouth, 63 10 0 

Mechanism of Waves 144 2 0 

Bristol Tides 33 IS 6 

Meteorology and Subterra- 
nean Temperature 21 11 0 

Vitrification Experiments ... 9 4 0 

Cast-iron Experiments 103 0 7 

Railway Constants 28 7 0 

Land and Sea Level 274 1 2 

Steam- vessels’ Engines 100 0 4 

Stars in Histoire Celeste 171 18 0 

Stars ( Lacai lie) 11 0 6 

Stars in R.A.S. Catalogue ... 166 16 0 

Animal Secretions 10 10 6 

Steam Engines in Cornwall... 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Ob- 
servations, Inverness and 

Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 60 0 0 


£1695 11 0 


1840. 

Bristol Tides 100 0- 0 

Subterranean Temperature ... 13 13 6 

Heart Experiments 18 19 0 

Ltmgs Experiments 8 13 0 

Tide Discussions 60 0 0 

Land and Sea Level 6 11 3 

Stars (Histoire Celeste) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 16 16 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations . 52 17 6 

Foreign Scientific Memoirs... 112 1 6 

Working Population 100 0 0 

School Statistics 60 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Phe- 
nomena 40 0 0 

Meteorological Observations 

atPl:pio\ith 80 0 0 

Magnetical Observations 185 13 9 


£1646 16 4 


1910. 


f 



itCViLl 


general statement. 


1841. 

£ s, d- 

Observations on Waves 80 0 0 

Meteorology and Subterra- 
nean Temperature 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Bivers 5 0 0 

Marine Zoology 16 12 8 

Skeleton Maps 20 0 0 

Mountain Barometers ......... 6 18 6 

Stars (Histoire Celeste) 185 0 0 

Stars (Laoaille) 79 5 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations 

at Inverness 20 0 0 

Meteorological Observations 

(reduction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs 62 0 6 

Railway Sections ,88 1 0 

Forms of Vessels 193 12 0 

Meteorological Observations 

atPl^outh 65 0 0 

Magnetical Observations 61 18 8 

Fishes of the Old Red Sand- 
stone 100 0 0 

Tides at Leith 60 0 0 

Anemometer at Edinburgh ... 69 1 10 

Tabulating Observations 9 6 3 

Races of Men 6 0 0 

Radiate Animals . 2 0 0 


£12,85 10 11 


1842. 

Dynamometric Instruments. . 113 11 2 

Anoplura Britannise 62 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 37 6 

Marine Zoology 16 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels’ En- 
gines 28 0 0 

Stars (Histoire OMeste) ...... 69 0 0 

Stars (Brit, Assoc. Cat. of) ... 110 0 0 

Railway Sections 161 10 0 

British Belemnites 60 0 0 

Fossil Reptiles (publication 

of Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiment® on 

Rocks 5 8 6 

Meteorological Experiments 

at Plymouth 68 0 0 

Constant indicator and Dyna- 
mometric Instruments 90 0 0 


£ 5 . d. 

Force of Wind 10 0 0 

Light on Growth of Seeds ... 8 0 0 

Vital Statistics SO 0 0 

Vegetative Power of Seeds ... 8 1 11 

Questions on Human Race 7 9 0 


•£1449 17 8 


1843. 

Revision of the Nomenclature 

of Stars 2 0 0 

Reduction of Stars, British • 

Association Catalogue 26 0 0 

Anomalous Tides, Firth of 

Forth 120 0 0 

Hourly Meteorological Obser- 
vations at Kingussie and 

Inverness 77 12 8 

Meteorological Observations 

at Plymouth 65 0 0 

Whe well’s Meteorological Ane- 
mometer at Plymouth 10 0 0 

Meteorological Observations, 

Osier’s Anemometer at Ply- 
mouth 20 0 0 

Reduction of Meteorological 

Observations 30 0 0 

Meteorological Instruments 

and Gratuities 39 6 0 

Construction of Anemometer 

at Inverness 66 12 2 

Magnetic Co-operation 10 8 10 

Meteorological Recorder for 

Kew Observatory 60 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Ob- 
servatory, Wages, Repairs, 

Furniture, and Sundries ... 133 4 7 
Experiments by Captive Bal- 
loons 81 8 0 

Oxidation of the Rails of 

Railways 20 0 0 

Publication of Report on 

Fossil Reptiles 40 0 0 

Coloured Drawings of Rail- 
way Sections 147 18 3 

Registration of Earthquake 

Shooks 30 0 0 

Report on Zoological Nomen- 
clature 10 0 0 

Uncovering Lowes Red Sand- 
stone near Manchester 4 4 6 

Vegetative Power of Seeds ... 5 3 8 

Marine Testacea (Habits of) . 10 0 0 

Marine Zoology ..... 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on Bri- 
tish Fossil Mammalia ...... 100 0 0 

Physiological Operations of 

Medicinal Agents 20 0 0 

Vital Statistics 36 5 8 



grants or money. 


xcxx 


£ s. d. 

Additional Experiments on 

the ITorms of Vessels 70 0 0 

Additional Experiments on 

the Forms of Vessels 100 0 0 

Rednction Experiments on 

the Forms o£ Vessels 100 0 0 

Morin’s Instrument and Con- 
stant Indicator 69 14 10 

Experiments on the Strength 
of Materials 60 0 0 


^565 10 2 

1844. 

Meteorological Observations 
at Kingussie and Inverness 12 0 0 
Completing Observations at 

Plymouth 35 0 0 

Magnetic and Meteorological 

Co-operation 26 8 4 

Publication of the British 
Association Catalogue of 

Stars 35 0 0 

Observations on Tides on the 
East Coast of Scotland ... 100 0 0 
Revision of the Nomenclature 

of Stars 1842 2 9 6 

Maintaining the Establish- 
ment at Kew Observa- 
tory 117 17 3 

Instruments for Kew Obser- 
vatory 56 7 3 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature 

in Ireland 6 0 0 

Coloured Drawings of Rail- 
way Sections 15 17 6 

Investigation of Fossil Fishes 
oftheLower Tertiary Strata 100 0 0 
Registering the Shocks of 

Earthquakes 1842 23 11 10 

Structure of Fossil Shells 20 0 0 

Radiata and Mollusca of the 
jEgean and Red Seas 1842 100 0 0 
Geographical Distributions of 

Marine Zoology .1842 0 10 0 

Marine Zoology of Devon and 

Cornwall 10 0 0 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality 

of Seeds*.... • 9 0 3 

Experiments on the Vitality 

of Seeds 1842 8 7 3 

Exotic Anoplura 16 0 0 

Strength of Materials 100 0 0 

Completing Experiments on 
the Forms of Ships ......... 100 0 0 

Inquiries into Asphyxia ......... 10 0 0 

Investigations on the Internal 

Constitution of Metals 50 0 0 

Constant Indicator and^ Mo- 
rin’s Instrument.. ...... .1842 10 3 6 

£981 12 8 


1845. 

£ s. d. 

Publication of the British As- 
sociation Catalogue of Stars 351 14 6 


Meteorological Observations 

at Inverness 30 18 11 

Magnetic and Meteorological 

Co-operation 16 16 8 

Meteorological Instruments 

at Edinburgh 18 11 9 

Reduction of Anemometrioal 
Observations at Plymouth 25 0 0 
Electrical Experiments at 

Kew Observatory 43 17 8 

Maintaining the Establish- 


ment at Kew Observatory 149 16 0 
For Kreil’s Barometrograph 25 0 0 
Gases from Iron Furnaces ... 60 0 0 

The Actinograph 15 0 0 

Microscopic Structure of 

Shells 20 0 0 

Exotic Anoplura 1843 10 0 0 

Vitality of Seeds 1843 2 0 7 

Vitality of Seeds 1844 7 0 0 

Marine Zoology of Cornwall... 10 0 0 
Physiological Action of Medi- 
cines.... 20 0 0 

Statistics of Sickness and 

Mortality in York 20 0 0 

Earthquake Shocks 1843 16 14 8 

£831 9 "^ 


1846. 

British Association Catalogue 

of Stars 1844 211 15 0 

Fossil Fishes of the London 

Clay 100 0 0 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Maintaining the Establish- 
ment at Kew Observatory... 146 16 7 

Strength of Materials 60 0 0 

Researches in Asphyxia 6 16 2 

Examination of Fossil Shells 10 0 0 

Vitality of Seeds 1844 2 15 10 

Vitality of Seeds 1845 7 12 3 

Marine Zoology of Cornwall 10 0 0 

Marine Zoology of Britain ... 10 0 0 

Exotic Anoplura 1844 26 0 0 

Expenses attending Anemo- 
meters 11 7 6 


Anemometers’ Repairs 

2 

3 

6 

Atmospheric Waves 

3 

3 

3 

Captive Balloons 1844 

Varieties of the Human Race 

8 

19 

8 

1844 

7 

6 

3 

Statistics of Sickness and 




Mortality in York 

12 

0 

0 


£685 16 0 


f 2 



c 


GENERAL STATEMENT. 


18i7. 

£ s. d. 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Habits of Marine Animals ... 10 0 0 

Physiological Action of Medi- 
cines 20 0 0 

Marine Zoology of Cornwall 10 0 0 

Atmospheric Waves 0 9 3 

Vitality of Seeds 4 7 7 

Maintaining the Establish- 


ment at Kew Observatory 107 8 6 
£208 ' 5 4 


1852. 

£ 8. d. 

Maintaining the Establish- 
ment at Kew Observatory 
(including balance of grant 

for 1850) 233 17 8 

Experiments on the Conduc- 
tion of Heat ♦.. 5 2 9 

Inliuence of Solar Radiations 20 0 0 

Geological Map of Ireland ... 15 0 0 

Researches on the British An- 
nelida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 


1848. 

Maintaining the Establish- 
ment at Kew Observatory 171 15 11 


Atmospheric Waves 3 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogue of 

Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 


£ 276^1 8 


1849. 

Electrical Observations at 


Kew Observatory 50 0 0 

Maintaining the Establish- 
ment at ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 5 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Bill on Account of Anemo- 
metrical Observations 13 9 0 


£16919 6 

1860. 

Maintaining the Establish- 
ment at Kew Observatory 255 18 0 


Transit of Earthquake Wave.s 50 0 0 

Periodical Phenomena 13 0 0 

Meteorological Instruments, 

Asiores 25 0 0 


£343 18 0 


1861. 

Maintaining the Establish- 
ment at Kew Observatory 
(including part of grant in 


1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Ani- 
mals and Plants 5 0 0 

Vitality of Seeds 5 6 4 

Influence of Solar ^diation 30 0 0 

Ethnolbgical Inquiries 12 0 0 

Researches on Annelida ...... 10 0 0 


£391 9 7 


£30?’ 6 ”7 


1853. 

Maintaining the Establish- 
ment at Kew Observatory 1 65 0 0 


Experiments on the Influence 

of Solar Radiation 15 0 0 

Researches on the British 

Annelida 10 0 0 

Dredging on the East Coast 

of Scotland 10 0 0 

Ethnological Queries 5 0 0 


£m' 0 0 

1864. 

Maintaining the Establish- 
ment at Kew Observatory 


(including balance of 

former grant) 330 16 4 

Investigations on h'lax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds 5 *2 3 

Conduction of Heat 4 2 0 


£380 19 '7 


1866. 

Maintaining the Establish- 
ment at Kew Observatory 426 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the MooiL 11 8 5 

Vitality of Seeds 10 7 n 

Map of the World 15 q 0 

Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 

£48^16^' 


1856. 

Maintaining the Establish- 
ment at Kew Observa- 
tory : — • 

1854 £ 75 0 01 

1855 £500 0 0/ 


575 0 0 



GRANTS OF MONEY. 


Cl 


£ s. d, 

Strickland’s Ornithological 

S3monyms 100 0 0 

Dredging and Dredging 

Forms 9 13 9 

Chemical AStion of Light ... 20 0 0 

Strength of ^ron Plates 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Propagation of Salmon 10 0 0 


£7UVd 9 

^ 1857. 

Maintaining the Establish- 
ment at Kew Observatory 350 0 0 


Earthquake Wave Experi- 
ments 40 0 0 

Dredging near Belfast 10 0 0 

Dredging on the West Coast 

of Scotland 10 0 0 

Investigations into the Mol- 

lusca of California 10 0 0 

Experiments on Flax 5 0 0 

Natural History of Mada- 
gascar 20 0 0 

Researches on British Anne- 
lida 25 0 0 

Report on Natural Products 
imported into Liverpool ... 10 0 0 

Artificial Propagation of Sal- 
mon 10 0 0 

Temperature of Mines 7 8 0 

Thermometers for Subterra- 
nean Observations 6 7 4 

Life- boats 5 0 0 


£ 507 15 4 

1868. 

Maintaining the Establish- 
• ment at Kew Observatory 600 0 0 
Earthquake Wave Experi- 


ments 25 0 0 

Dredging on the West Coast 

of Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seed ............... 6 5 0 

Dredging near Belfast. 18 13 2 

Report on the British Anne- 
lida A 25 0 0 

Experiments on the produc- 
tion of Heat by Motion in 

Fluids r 20 0 0 

Report on the Natural Pro- 
ducts imported into Scot- 
land 10 0 0 


£mS 18 2 


1869. , . 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 
Dredging near Dublin 16 0 0 


£ s. d. 

Osteology of Birds 50 0 Q 

Irish Turiicata 5 0 0 

Manure Experiments 20 0 0 

British Medusidje 5 0 0 

Dredging Committee 6 0 0 

Steam -vessels ’Performance... 5 0 0 

Marine Fauna of South and 

West of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents 39 11 0 


£684 11 1 


1860. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 

Dredging near Belfast 16 6 0 

Dredging in Dublin Ba}' 15 0 0 

Inquiry into the Performance 

of Steam- vessels 121 0 0 

Explorations in the Yellow 
Sandstone of Dura Den .. 20 0 0 

Chemico-mechanical Analysis 

of Rocks and Minerals 25 0 0 

Researches on the Growth of 

Plants 10 0 0 

Researches on the Solubility 

of Salts 30 0 0 

Researches on the Constituents 

of Manures 25 0 0 

Balance of Captive Balloon 
Accounts 1 13 6 


£766 19 6 


Maintaining the Establish- 
ment at Kew Observatory, . 500 

Earthquake Experiments 25 

Dredging North and East 

Coasts of Scotland 23 

Dredging Committee : — 

1860 £60 0 0 \ 

1801 £22 0 0 / 

Excavations at Dura Den.... , , ,20 

Solubility of Salts 20 

Steam- vessel Performance ... 150 

Fossils of Lesmahagow 15 

Explorations at XJriconiiim ... 20 

Chemical Alloys 20 

Classified Index to the Trans- 
actions 100 

Dredging in the Mersey and 

Dee B 

Dip Circle 30 

Photoheliographic Observa- 
tions 60 

Prison Diet 20 

Gauging of Water 10 

Alpine Ascents 6 

Constituents of Manures 26 



cii 


GENERAL STATEMENT. 


i8r,2. 

£ s. d. 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 

Patent Laws 21 C 0 

Molluscaof N.-W. of America 10 0 0 

Natural History by Mercantile 

Marine 5 0 0 

Tidal Observations 25 0 0 

Photoheliometer at Kew 40 0 0 

Photographic Pictures of the 

Sun ; 150 0 0 

Rocks of Donegal 25 0 0 

Dredging Durham and North- 
umberland Coasts 25 0 0 

Connection of Storms 20 0 0 

Dredging North-east Coast 

of Scotland 6 9 6 

Ravages of Teredo 8 11 0 

Standards of Electrical Re- 
sistance 50 0 0 

Railway Accidents 10 0 0 

Balloon Committee 200 0 0 

Dredging Dublin Bay 10 0 0 

Dredging the Mersey 5 0 0 

Prison Diet 20 0 0 

Gauging of Water 12 10 0 

Steamships^ Performance 150 0 0 

Thermo-electric Currents ... 5 0 0 


^^1293 16 6 


1863. 

Maintaining the Establish- 
ment at Kew Observatory... 600 0 0 


Balloon Committee deficiency 70 0 0 

Balloon Ascents (other ex- 
penses) 25 0 0 

Batozoa 26 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 6 0 0 

Prison Diet 20 0 0 

Vertical Atmospheric Move- 
ments 13 0 0 

Dredging Shetland 60 0 0 

Dredging North-east Coast of 

Scotland 25 0 0 

Dredging Northumberland 

and Durham 17 3 10 

DredgingCommittee Superin- 
tendence 10 0 0 

Steamship Performance 100 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium ...... 8 0 0 

Electrical Standards 100 0 0 

Electrical Construction and 

Distribution 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings for 
Photoheliograph 100 0 0 


£ s. d. 

Thermo-electricity 16 0 0 

Analysis of Rocks 8 0 0 

Hydro] da 10 0 0 


£\cm 3 16 


1864. • 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging, Shetland 75 ^ 0 0 

Dredging, N orthumberland ... 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Re- 
sistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham’s Gift 60 0 0 

Nitrite of Amyle 10 0 0 

Nomenclature Committee ... 6 0 0 

Rain-gauges 19 15 8 

Cast-iron Investigation 20 0 0 

Tidal Observations in the 

Humber 60 0 0 

Spectral Rays... 46 0 0 

Luminous Meteors 20 0 0 

£1289 15 8 


1865. 

Maintaining the Establish- 
ment at Kew Observatory., 600 0 0 

Balloon Committee 100 0 0 

Hydroida 13 0 0 

Rain-gauges 30 0 0 

Tidal Observations in the 

Humber 6 8 0 

Hexylio Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American Mollusca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation ... 10 0 0 

Burypterus 60 0 0 

Electrical Standards,.,., 100 0 0 

Malta Caves Researches 30 0 0 


Gibraltar Caves Researches... 160 0 0 

Kent’s Hole Excavations 100 0 0 

Moon’s Surface Observations 35 0 0 

Marine Fauna 25 0 0 

Dredging Aberdeenshire 25 0 0 

Dredging Channel Islands ... 60 0 0 

Zoological Nomenclature 5 0 0 

Resistance of Floating Bodies 

in Water. 100 0 0 

Bath Waters Aimtysis 8 10 10 

Luminous Meteors 40 0 0 


£1591 ' 7 10 



GRANTS OF MONEY. 


1866. 

£ s. d. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Lunar Committee 64 13 4 

Balloon Committee 50 0 0 

Metrical Committee,, 60 0 0 

British Rain|all. 60 0 0 

Kilkenny Coal Fields 16 0 0 

Alum Bay Fossil Leaf-bed ... 15 0 0 

Luminous Meteors 60 0 0 

Lingula Flags Excavation ... 20 0 0 

Chemical Constitution of 

Cast Iron 60 0 0 

Amyl fJompounds 25 0 0 

Electrical Standards 100 0 0 

Malta Caves Exploration 30 0 0 

Kent's Hole Exploration 200 0 0 

Marine Fauna. Sec., Devon 

and Cornwall 25 0 0 

DredgingAberdeenshireCoast 25 0 0 

Dredging Hebrides Coast ... 50 0 0 

Dredging the Mersey 5 0 0 

Resistance of Floating Bodies 

in Water 50 0 0 

Polycyanides of Organic Radi- 
cals 29 0 0 

Rigor Mortis 10 0 0 

Irish Amnclida 15 0 0 

Catalogue of Crania 60 0 0 

Didine Birds of Mascarene 

Islands 50 0 0 

Typical Crania Researches ... 30 0 0 


Palestine Exploration Fund... 100 0 0 
■^1750 13 4 


1867. 

Maintaining the Establish- 
ment at Kew Observatory 600 0 0 
Meteorological Instruments, 

Palestine.. 50 0 0 

Lunar Committee 120 0 0 

Metrical Committee 30 0 0 

Kent/s Hole Explorations ... 100 0 0 

Palestine Explorations 60 0 0 

Insect Fauna, Palestine SO 0 0 

British Rainfall 60 0 0 

Kilkenny Coal Fields 26 0 0 

Alum Bay Fossil Leaf-bed ... 25 0 0 

Luminous Meteors 60 0 0 

Bouniemouth, See., Leaf- beds 30 0 0 

Dredging ^Ihetland 75 0 0 

Steamship Reports Condensa- 
tion 100 0 0 

Electrical Standards..! 100 0 0 

Ethyl and Methyl Series 25 0 0 

Fossil Crustacea 26 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 76 0 0 

North Greenland Plant Beds. 100 0 0 
Iron and Steel Manufacture... 26 0 0 
Patent Laws ? 30 0 0 


£1739 4'"0 


* 1868. 

£ s. d. 

Maintaining the Establish- 
ment at Kew Observatory... 600 0 0 

Lunar Committee 120 0 0 

Metrical Committee 50 0 0 

Zoological Record 100 0 0 

Kent’s Hole Explorations 160 0 0 

Steamship Performances 100 0 0 

British Rainfall 50 0 0 

Luminous Meteors 50 0 0 

Organic Acids 60 0 0 

Fossil Crustacea 25 0 0 

Methyl Series 25 0 0 

Mercury and Bile 25 0 0 

Organic Remains in Lime- 
stone Rocks 25 0 0 

Scottish Earthquakes 20 0 0 

Fauna, Devon and Cornwall .. 30 0 0 

British Fossil Carols 50 0 0 

Bagshot Leaf-beds 60 0 0 

Greenland Explorations 100 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 50 0 0 

Spectroscopic Investigations 

of Animal Substances 5 0 0 

Secondary Reptiles, &c 30 0 0 

British Marine Invertebrate 
Fauna 100 0 0 


£1940 0 0 


1869. 

Maintaining the Establish- 
ment at Kew Observatory.. 600 0 0 

Lunar Committee 50 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Committee on Gases in Deep- 

well Water 25 0 0 

British Rainfall 50 0 0 

Thermal Conductivity of Iron, 

&;c. * 30 0 0 

Rentes Hole Explorations...... 150 0 0 

Steamship Performances 30 0 U 

Chemical Constitution of 

Cast Iron 80 0 0 

Iron and vSt eel Manufacture... 100 0 0 

Methyl Series 30 0 0 

Organic Remains in Lime- 
stone Rooks 10 0 0 

Earthquakes in Scotland 10 0#0 

British Fossil Corals 50 0 0 

Bagshot Leaf -beds 30 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 30 0 0 

Spectroscopic Investigations 

of Animal Substances 6 0 0 

Organic Acids... 12 0 0 

Kiltorcan Fossils 20 0 0 



GENERAL STATEMENT. 


ciY 


£ s. d, 

Chemical Constitution and 


Physiological Action Eola- 
tions IS 0 0 

Mountain Limestone Fossils 25 0 0 

IFtilisation of Sewage 10 0 0 

Products of Digestion* 10 0 0 


£1622 0 0 


1870. 

Maintaining the Establish- 
ment at Kew Observatory GOO 0 0 

Metrical Committee 25 0 0 

Zoological Becord 100 0 0 

Committee on Marine Fauna 20 0 0 

Ears in Fishes 10 0 0 

Chemical Nature of Oast 

Iron 80 0 0 

Luminous Meteors 30 0 0 

Heat in the Blood 15 0 0 

British Rainfall......... 100 0 0 

Thermal Conductivity of 

Iron, &c 20 0 0 

British Fossil Corals 50 0 0 

Kent’s Hole Explorations ... 160 0 0 

Scottish Earthquakes 4 0 0 

Bagshot Leaf-beds 15 0 0 

Fossil Flora 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature ... 50 0 0 
Kiltorcan Quarries Fossils ... 20 0 0 
Mountain Limestone Fossils 25 0 0 

Utilisation of Sewage 50 0 0 

Organic Chemical Compounds 30 0 0 

Onny River Sediment 3 0 0 

Mechanical Equivalent of 
Heat 60 0 0 


£1672 0 0 


1871. 

Maintaining the Establish- 
’ment at Kew Observatory GOO 0 0 
Monthly Reports of Progress 


in Chemistry 100 0 0 

Metrical Committee 25 0 0 

Zoological Record 100 0 0 

Thermal Equivalents of the 

Dxides of Chlorine 10 0 0 

Tidal Observation, 100 0 0 

Fossil Flora 25 0 0 

Luminous Meteors. 30 0 0 

British Fossil Corals 25 0 0 

Heat in the Blood 7 2 6 

British Rainfall 50 0 0 

Kent’s Hole Explorations ... 150 0 0 

Fossil Crustacea 25 0 0 

Methyl Compounds 26 0 0 

Lunar Objects 20 0 0 


£ s. d. 

Fossil Coral Sections, for 


Photographing 20 0 0 

Bagshot Leaf-beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants .« 40 0 0 


£1472 2 6 


1872. 

Maintaining the Establish- 
ment at Kew Observatory BOO 0 0 

Metrical Committee 75 rO 0 

Zoological Record 100 0 0 

Tidal Committee 200 0 0 

Carboniferous Corals 25 0 0 

Organic Chemical Compounds 25 0 0 

Exploration of Moab 100 0 0 

Terato-embryological Inqui- 
ries 10 0 0 

Kent’s Cavern Exploration ... 100 0 0 

Luminous Meteors 20 0 0 

Heat in the Blood 16 0 0 

Fossil Crustacea 25 0 0 

Fossil Elephants of Malta ... 25 0 0 

Lunar Objects 20 0 0 

Inverse Wave-lengths 20 0 0 

British Rainfall 100 0 0 

Poisonous Substances Anta- 
gonism 10 0 0 

Essential Oils, Chemical Con- 
stitution, &c 40 0 0 

Mathematical Tables 60 0 0 

Thermal Conductivity of Me- 
tals 25 0 0 


£1285 0 0 


1873. 

Zoological Record 100 0 0 

Chemistry Record 200 0 0 

Tidal Committee 400 0 0 

Sewage Committee 100 0 0 

Kent’s Cavern Exploration ... 150 0 0 

Carboniferous Corals 26 0 0 

Fossil Elephants 25 0 0 

Wave-lengths 150 0 0 

British Rainfall........ c..,fI00 0 0 

Essential Oils 30 0 0 

Mathematical Tables .,100 0 0 

Gaussian Constants 10 0 0 

Sub-Wealden Explorations ... 25 0 0 

Underground Temperature ... 150 0 0 

Settle Cave Exploration 60 0 0 

Fossil Flora, Ireland 20 0 0 

Timber Denudation and Rain- 
fall 20 0 0 

Luminous Meteors 30 0 0 


£1685 0 0 



GRANTS OF MONEY, 


CV 


. 1874. 

£ 8. d. 

Zoological Record 100 0 0 

Chemistry Record 100 0 0 

Mathematical Tables 100 0 0 

Elliptic Funcliions 100 0 0 

Lightning Conductors 10 0 0 

Thermal Conductivity of 

Rocks 10 0 0 

Anthropological Instructions 50 0 0 
Kent’s Cavern Exploration... 150 0 0 

Luminous Meteors 30 0 0 

Intestinal Secretions 15 0 0 

. British Jlainf all 100 0 0 

Essential Oils 10 0 0 

Sub-Wealden Explorations ... 25 0 0 

Settle Cave Exploration 50 0 0 

Mauritius Meteorology 100 0 0 

Magnetisation of Iron 20 0 0 

Marine Organisms 30 0 0 

.ITossils, North-West of vScot- 

land 2 10 0 

Physiological Action of Light 20 0 0 

Trades Unions 25 0 0 

Mountain Limestone Corals 25 0 0 

Erratic Blocks 10 0 0 

Dredging, Durham and York- 
shire Coasts «28 5 0 

High Temperature of Bodies 30 0 0 
Siemens’s Pyrometer ......... 3 6 0 

Labyrinthodonts of Coal- 

measures 7 15 0 

£1151 16 0 

1876. 

Elliptic Functions 100 0 0 

Magnetisation of Iron 20 0 0 

British Rainfall 120 0 0 

Luminous Meteors 30 0 0 

Chemistry Record 100 0 0 

Specific Volume of Liquids... 25 0 0 
Estimation of Potash and 

Phosphoric Acid........ 10 0 0 

Isometric Cresols ■ 20 0 0 

Sub-Wealden Explorations... 100 0 0 
Kent’s Cavern Exploration... 100 0 0 

Settle Cave Exploration 60, 0 0 

Earthquakes in Scotland 15 * 0 0 

Underground Waters 10 0 0 

Development of Myxinoid 

Fishes 20 0 0 

Zoological Record. 100 0 0 

Instructions for Travellers ... 20 0 0 

Intestinal Secretions .T 20 0 0 

Palestine Exploration 100 0 0 ! 

i^0'~O~~() j 

1876- ! 

Printing Mathematical Tables 159 4 2 j 

British Rainfall.. 100 0 0 

Ohm’s Law .L.. 9 15 0 

Tide Calculating Machine ... 200 0 0 
Specific Volume of Liquids... 26 0 0 


' Isomeric Cresols 10 

I Action of Ethyl Bromobuty- 
rate on Ethyl Sodaceto- 

acetate 5 

Estimation of Potash and 

Phosphoric Acid 13 

Exploration of Victoria Cave 100 

Geological Record 100 

Kent’s Cavern Exploration... 100 
Thermal Conductivities of 

Rocks 10 

Underground Waters 10 

Earthquakes in Scotland 1 

Zoological Record 100 

Close Time 5 

Physiological Action of 

Sound 25 

Naples Zoological Station ... 76 

Intestinal Secretions 16 

Physical Characters of Inha- 
bitants of British Isles 13 

Measuring Speed of Ships ... 10 

Effect of Propeller on turning 

of Steam-vessels 6_ 

£1092 


8 , 

0 0 


0 0 


0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

15 

0 


0 Jd 

1 2 


1877. 

Liquid Carbonic Acid in 

Minerals 20 

Elliptic Functions 250 

Thermal Conductivity of 

Rooks 

Zoological Record 100 

Kent’s Cavern 100 

Zoological Station at Naples 75 

Luminous Meteors 30 

Elasticity of Wires 100 

Dipterocarpese, Report on ... 
Mechanical Equivalent of 

Heat 

Double Compounds of Cobalt 

and Nickel 

Underground Temperature ... 60 

Settle Cave Exploration 100 

Underground Waters in New 

Red Sandstone 10 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodaceto- 

acetate 

British Earthworks 25 

Atmospheric Electricity in 

India 16 

Development of Light from 

Ooal-^ 20 

Estimation of Potash and 

Phosphoric Acid 

Geological Record 100 

Anthropometric Committee 
Physiological Action of Phos- 
phoric Acid, 15 


20 

0 

0 

250 

0 

0 

9 

11 

7 

100 

0 

0 

100 

0 

0 

75 

0 

0 

30 

0 

0 

100 

0 

0 

20 

0 

0 

35 

0 

0 

8 

0 

0 

60 

0 

0 

100 

0 

0 

10 

0 

0 

10 

0 

0 

25 

0 

0 

16 

0 

0 

20 

0 

0 

1 

18 

0 

100 

0 

0 

34 

0 

0 

15 

0 

0 

I 

a 

7 



cvi 


GENERAL STATEMENT. 


1878. 

£ $, d. 

Exploration of Settle Caves... 100 0 0 

Geological Record 100 0 0 

Investigation of Pulse Pheno- 
mena by means of Siphon 

Recorder 10 0 0 

Zoological Station at Naples 76 0 0 
Investigation of Underground 

Waters 16 0 0 

Transmission of Electrical 
Impulses through Ne7*ve 

Structure 30 0 0 

Calculation of Factor Table 

for Fourth Million 100 0 0 

Anthropometric Committee... 66 0 0 
Composition and Structure of 
less -known Alkaloids 25 0 0 

Exploration of Kent’s Cavern 50 0 0 

Zoological Record 100 0 0 

Fermanagh Caves Explora- 
tion 15 0 0 

Thermal Conductivity of 

Rocks 4 16 6 

Luminous Meteors 10 0 0 

Ancient Earthworks 26 0 0 


£725 16 6 


1879. 

Table at the Zoological 

Station, Naples 75 0 0 

Miocene Flora of the Basalt 
of the North of Ireland ... 20 0 0 
Illustrations for a Monograph 
on the Mammoth ............ 17 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Composition and Structure of 

less-known Alkaloids 25 0 0 

Exploration of Caves in 

Borneo 60 0 0 

Kent’s Cavern Exploration ... 100 0 0 

Record of the Progress of 

Geology 100 0 0 

Fermanagh Caves Exploration 6 0 0 
Electrolysis of Metallic Solu- 
tions and Solutions of 

Compound Salts 25 0 O’ 

Anthropometric Committee... 60 0 0 
Natural History of Socotra ... 100 0 0 
Calculation of Factor Tables 
for 6th and 6th Millions ... 160 0 0 

Undei^ound Waters 10 0 0 

Steeringof Screw Steamers... 10 0 0 
Improvements in Astrono- 
mical Clocks 30 0 0 

Marine Zoology of South 

Bevon. 20 0 0 

Determination of Mechanical 
Equivalcmt of Heat 12 16 6 


£ s. d. 

Specific Inductive Capacity 

of Sprengel Vacuum 40 0 0 

Tables of Sun-heat Co- 
efficients 30 0 0 

Datum Level of the Ordnance 

Survey 10 0 0 

Tables of Fundamental In- 
variants of Algebraic Forms 36 14 9 

Atmospheric Electricity Ob- 
servations in Madeira 16 0 0 

Instrument for Detecting 

Fire-damp in Mines 22 0 0 

Instruments for Measuring 

the Speed of Ships 11 1 8 

Tidal Observations in the 

English Channel 10 0 0 


;£1080 11 11 


1880. 

New Form of High Insulation 

Key 10 0 0 

Underground Temperature ... 10 0 0 

Determination of the Me- 
chanical Equivalent of 

Heat 8 6 0 

Elasticity of Wires ' 60 0 0 

Luminous Meteors 30 0 0 

Lunar Disturbance of Gravity 30 0 0 

Fundamental Invariants 8 6 0 

Laws of Water Friction 20 0 0 

Specific Inductive Capacity 

of Sprengel Vacuum 20 0 0 

Completion of Tables of Sun- 

heat Coefficients 60 0 0 

Instrument for Detection of 

Fire-damp in Mines 10 0 0 

Inductive Capacity of Crystals 

and Paraffines 4 17 7 

Report on Carboniferous 

Polyzoa 10 0 0 

Caves of South Ireland 10 0 0 

Viviparous Nature of Ichtliyo- 

saurus 10 0 0 

Kent’s Cavern Exploration... 60 0 0 

Geological Record 100 0 0 

Miocene Flora of the Basalt 

of North Ireland ^...#5 15 0 0 

Underground Waters of Per- 
mian Formations 5 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Table at Zoological Station 

at Naples 76 0 0 

Investigation of the Geology 

and Zoology of Mexico 60 0 0 

Anthropometry 60 0 0 

Patent Laws 6 0 0 


£751 7 7 



GRANTS OF MONEY. 


1881. 


£ s. d. 


Iiunar Disturbance of Gravity 30 0 0 
Underground Temperature ... 20 0 0 
Electrical Standards ............ 26 0 0 

High Insulatif>n Key 6 0 0 

Ti&l Observations 10 0 0 

Specific Eefractions 7 3 1 

Fossil Polyzoa 10 0 0 


Underground Waters 10 0 -0 

Earthquakes in Japan 25 0 0 

Tertiary Flora 20 0 0 


Scottish Zoological Station ... 50 0 0 
Naples Zoological Station ... 75 0 0 
Natural*History of Socotra ... 60 0 0 
Anthropological Notes and 


Queries 0 0 0 

Zoological Record 100 0 0 

Weights and Heights of 
Human Beings 30 0 0 


£m 3 1 


3882. 

Exploration of Central Africa 100 0 0 
Fundamental Invariants of 

Algebraical Forms 76 1 11 

Standards for Electrical 

Measurements 100 0 0 

Calibration of Mercurial Ther- 
mometers 20 0 0 

Wave-length Tables of Spec- 
tra of Elements 60 0 0 

Photographing Ultra-violet 

Spark Spectra 26 0 0 

Geological Record 100 0 0 

Earthquake , Phenomena of 

Japan 26 0 0 

Conversion of Sedimentary 
Materials into Metamorphic 

Rocks 10 0 0 

Fossil Plants of Halifax 16 0 0 

Geological Map of Europe ... 25 0 0 
Circulation of Underground 

Waters 16 0 0 

Tertiary Flora of North of 

Ireland 20 0 0 

British Polyzoa 10 0 0 

Exploration of Oaves of South 

of Ireland 10 0 0 

ExploratiomofBaygill Fissure 20 0 0 
Naples Zoological Station ... 80 0 0 
Albuminoid Substances of 

Serum 10 0 0 

Elimination of Nitrogen by 

Booily Exercise 60 0 0 

Migration of Birds 15 0 0 

Natural History of Socotra... 100 0 0 
Natural History of Timor-laut 100 0 0 
Record of Zoological Litera- 


Anthropometric Committee.. . 50 0 0 


£1126 1 11 


cvii 


1883. 

£ «. d. 

Meteorological Observations 

on Ben Nevis 60 0 0 

Isomeric Naphthalene Deri- 
vatives.. 15 0 0 

Earthquake Phenomena of 

Japan 50 0 0 

Fossil Plants of Halifax 20 0 0 

British Fossil Polyzoa 10 0 0 

Fossil Phyllopoda of Palaso- 

zoic Rocks 25 0 0 

Erosion of Sea-coast of Eng- 
land and Wales 30 0 0 

Circulation of Underground 

Waters 15 0 0 

Geological Record 60 0 0 

Exploration of Caves in South 

of Ireland 10 0 0 

Zoological Literature Record 100 0 0 

Migration of Birds 20 0 0 

Zoological Station at Naples 80 0 0 
Scottish Zoological Station... 26 0 0 
Elimination of Nitrogen by 

Bodily Exercise 38 3 3 

Exploration of Mount Kili- 

ma-njaro 600 0 0 

Investigation of Loughton 

Camp 10 0 0 

Natural History of Timor-laut 60 0 0 
Screw Gauges 6 0 0 


£1083 3 3 


1884. 

Meteorological Observations 

on Ben Nevis 60 0 0 

Collecting and Investigating 

Meteoric Dust 20 0 0 

Meteorological Observatory at 

Chepstow 25 0 0 

Tidal Observations 10 0 0 

Ultra Yiolet Spark Spectra ... 8 4 0 

Earthquake Phenomena of 

Japan 76 0 0 

Fossil Plants of Halifax 16 0 0 

Fossil Polyzoa 30 0 0 

Erratic Blocks of England ... 10 0 0 
Fossil Phyllopoda of Palaeo- 
zoic Rooks 16 0 0 

Circulation of Underground 

Waters 6 0 0 

International Geological Map 20 0 0 
Bibliography of Groups of 

Invertebrata 60 0 0 

Natural History of Timor-laut 60 0 0 
Naples Zoological Station ... 80 0 0 
Exploration of Mount Kili- 

ma-njaro, Bast Africa 500 0 0 

Migration of Birds........ 20 0 0 

Coagulation of Blood 100 0 0 

Zoological Literature Record 100 0 0 
Anthropometric Committee..* 10 0 0 


£1173 4 0 



cviii 


GENEBAL STATEMENT, 


1886. 

£ s. d. 

Synoptic Chart of Indian 

Ocean 60 0 0 

Eeduction of Tidal Observa- 
tions 10 0 0 

Calculating Tables in Theory 

of Numbers 100 0 0 

Meteorological Observations 

on Ben Nevis 60 0 0 

Meteoric Dust 70 0 0 

Vapour Pressures, &c., of Salt 

Solutions 25 0 0 

Physical Constants of Solu- 
tions.... - 20 0 0 

Volcanic Phenomena of Vesu- 
vius 25 0 0 

Raygill Fissure 15 0 0 

Earthquake Phenomena of 

Japan 70 0 0 

Fossil Phyllopoda of Palaeozoic 

Rooks 25 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 60 0 0 

Geological Record 50 0 0 

Circulation of Underground 

Waters 10 0 0 

Naples Zoological Station ... 100 0 0 
Zoological Literature Record, 100 0 0 

Migration of Birds 30 0 0 

Exploration of Mount Kilima- 
njaro 25 0 0 

Recent Polyzoa 10 0 0 

Granton Biological Station ... 100 0 0 
Biological Stations on Coasts 

of United Kingdom 160 0 0 

Eisploration of New Guinea... 200 0 0 
Exploration of Mount Roraima 100 0 0 


;ei385 0 0 


1886. 

Electrical Standards 40 0 0 

Solar PLadiation 9 10 6 

Tidal Observations 60 0 0 

Magnetic Observations.. 10 10 0 

Observations on Ben Nevis ... 100 0 0 
Physical and Chemical Bear- 
ings of Electrolysis 20 0 0 

Chemical Nomenclature 5 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 20 0 0 

Caves in North Wales 26 0 0 

Volcanic Phenomena of Vesu- 
vius 30 0 0 

Geologicsd Record... 100 0 0 

Palaeozoic PhyRopoda 15 0 0 

Zoolc^cal Literature Record . 100 0 0 
Granton Biological Station ... 75 0 0 
Naples Zoological Station...... 60 0 0 


Researches in Food-Fishes and 
Ihvertebrata at St. Andrews 75 0 0 


£ 8, d* 

Migration of Birds 30 0 0 

Secretion of Urine ^ a 

Exploration of New Guinea... 160 0 0 

Regulation of Wages under 


Prehistoric P«ace in Greek 

T£5loV./^£S ^ 


nada... 50 0 0 

i995 0 6 

1887. e 

Solar Radiation 18 10 0 

Electrolysis 30 0 0 

Ben Nevis Observatory 75 0 0 

Standards of Light (1886 

grant) 20 0 0 

Standards of Light (1887 

grant) 10 0 0 

Harmonic Analysis of Tidal 

Observations 15 0 0 

Magnetic Observations 26 2 0 

Electrical Standards * 50 0 0 

Silent Discharge of Electricity 20 0 0 

Absorption Spectra 40 0 0 

Nature of Solution 20 0 0 

Influence of Silicon on Steel 30 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Volcanic Phenomena of Japan 

(1886 grant) 60 0 0 

Volcanic Phenomena of Japan 

(1887 grant) 60 0 0 

Oae Gwyn Cave, N. Wales ... 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 20 0 0 

Goal Plants of Halifax 26 0 0 

Microscopic Structure of the 

Rooks of Anglesey... 10 0 0 

Exploration of the Eocene 
Bedsof the Isle of Wight... 20 0 0 

Underground Waters 6 0 0 

‘Manure ’ Gravels of Wexford 10 0 0 
Provincial Museums Reports 5 0 0 

Lymphatic System 25 0 0 

Naples Biological Station ... 100 0 0 
Plymouth Biological Station 60 0 0 
Granton Biological Statiqp 76 0 0 

Zoological Record 100 0 0 

Flora of China 76 0 0 

Flora and Fauna of the 

Oameroons 76 0 0 

Migration of Birds SO 0 0 

Bathy-hypsographical Map of 

British Isles 7 6 0 

Regulation of Wages 10 0 0 

Prehistoric Race of Greek 

Islands 20 0 0 

Racial Photographs, Egyptian 20 0 0 


^1186 18 0 



GrEANTS Ot MOISEY. 


1888. 

£ s, d. 

Ben Kevis Observatory 150 0 0 

Electrical Standards 2 6 4 

Magnetic Observations 15 0 0 

Standards OifrLight 79 2 3 

Electrolysis 30 0 0 

Uniform Ndinenclature in 

Mechanics 10 0 0 

Silent Discharge of Elec- 
tricity 9 H 10 

Properties of Solutions 25 0 0 

Influence of Silicon on Steel 20 0 0 
Methods of teaching Chemis- 
try • 10 0 0 

Isomeric Naphthalene Deriva- 
tives.. 35 0 0 

Action of Light on Hydracid .• 20 0 0 
Sea Beach near Bridlington... 20 0 0 

Geological Kecord 60 0 0 

Manure Gravels of Wexford... 10 0 0 

Erosion of Sea Coasts 10 0 0 

Underground Waters 5 0 0 

Palaeontographical Society ... 50 0 0 
Pliocene Fauna of St. Erth... 50 0 0 


Carboniferous Flora of Lan- * 


cashire and West Yorkshire 25 0 0 
Volcanic Phenomena of Yesu- 

viiis 20 0 0 

Zoology and Botany of West 

IncSes 100 0 0 

Flora of Bahamas 100 0 0 

Development of Fishes — St. 

Andrews 60 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 76 0 0 

Naples Zoological Station ... 100 0 0 

Lymphatic System 36 0 0 

Biological Station at Granton 60 0 0 
Peradeniya Botanical Station 60 0 0 
Development of Teleostei ... 16 0 0 

Depth of Frozen Soil in Polar 

Eegions 6 0 0 

PreciousMetals in Circulation 20 0 0 
Value of Monetary Standard 10 0 0 
Effect of Occupations on Phy- 
sical Development... 26 0 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric^ Bace in Greek 
Islands 20 0 *0 


. 0 5 


1889. 


Ben Nevis Observatory 60 0 0 

Electrical Standards 76 0 0 

Electrolysis,... 20 0 0 

Surface Water Temperature... 30 0 0 

Silent Discharge of Electricity 
on 6 4 8 


cix 


£ i. d. 

Methods of teaching Chemis- 
try 10 0 0 

Action of Light on Hydracids 10 0 0 

Geological Record 80 0 0 

Volcanic Phenomena of Japan 25 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 20 0 0 

Higher Eocene Beds of Isle of 

Wight 15 0 0 

West Indian Explorations ... 100 0 0 

Flora of China 26 0 0 

Naples Zoological Station ... 100 0 0 
Physiology of Lymphatic 

System 25 0 0 

Experiments with a Tow-net 6 16 3 
Natural History of Friendly 

Islands 100 0 0 

Geology and Geography of 

Atlas Range 100 0 0 

Action of Waves and Currents 

in Estuaries 100 0 0 

North-Western Tribes of 

Canada 160 0 0 

Nomad Tribes of Asia Minor 30 0 0 

Corresponding Societies 20 0 0 

Marine Biological Association 200 0 0 


* Baths Committee,’ Bath 100 0 0 

dgl417 0 11 


1890. 

Electrical Standards. 13 17 0 

Electrolysis 6 0 0 

Electro-optics 50 0 0 

Mathematical Tables 26 0 0 

Volcanic and Seismological 

Phenomena of Japan 76 0 0 

Pellian Equation Tables 15 0 0 

Properties of Solutions 10 0 0 

International Standard for the 
Analysis of Iron and Steel 10 0 0 
Influence of the Silent Dis- 
charge of Electricity on 

Oxygen 5 0 0 

Methods of teachingOhemistry 10 0 0 
Recording Results of Water 

Analysis 4 10 

Oxidation of Hydracids in 

Sunlight 16 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palasozoic Phyllopoda 10 0 0 

Circulation of Underground 

Waters 6 0 0 

Excavations at Oldbury Hill 16 0 0 

Cretaceous Polyzoa 10 0 0 

Geological Photographs 7 14 11 

Lias Beds of Northampton ... 26 0 0 
Botanical Station at Perade- 
niya....... 26 0 0 



cviii 


GENERAL STATEMENT. 


1886. 

& B. d. 

Synoptic Oliart of Indian 

Ocean 60 0 0 

Reduction of Tidal Observa- 
tions 10 0 0 

Calculating Tables in Theory 

ofKumbers 100 0 0 

Meteorological Observations 

on Ben Nevis 60 0 0 

Meteoric Dust 70 0 0 

Vapour Pressures, &c., of Salt 

Solutions 25 0 0 

Physical Constants of Solu- 
tions 20 0 0 

Volcanic Phenomena of Vesu- 
vius 25 0 0 

Raygill Fissure 15 0 0 

Earthquake Phenomena of 

Japan 70 0 0 

Fossil Phyllopodaof Palaeozoic 

Rocks 26 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 50 0.0 

Geological Record 60 0 0 

Circulation of Underground 

Waters 10 0 0 

Naples Zoological Station ... 100 0 0 
Zoological Literature Record . 100 0 0 

Migration of Birds 30 0 0 

Exploration of Mount Kilima- 
njaro 25 0 0 

Recent Polyzoa 10 0 0 

Granton Biological Station ... 100 0 0 
Biological Stations on Coasts 

of United Kingdom 160 0 0 

Exploration of New Guinea... 200 0 0 
Exploration of Mount Roraima 100 0 0 


^1386 0 0 


1886. 

Electrical Standards..... 40 0 0 

Solar Radiation 9 10 6 

Tidal Observations 60 0 0 

Magnetic Observations 10 10 0 

Observations on Ben Nevis ... 100 0 0 
Physical and Chemical Bear- 
ings of Electrolysis 20 0 0 

Chemical Nomenclature 6 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 20 0 0 

Caves in North Wales 25 0 0 

Volcanic Phenomena of Vesu- 
vius 30 0 0 

Geological Record 100 0 0 

Palaeozoic Phyllopoda 15 0 0 

Zoological Literature Record . 100 0 0 
Granton Biolo^cal Station ... 76 0 0 
Naples Zoological Station 60 0 0 


Researches in Food-Fishes and 
Invertebrata at St. Andrews 76 0 0 


£ g. d. 

Migration of Birds 30 0 0 

Secretion of Urine....... 10 0 0 

Exploration of New Guinea... 160 0 0 

Regulation of Wages under 


Prehistoric Race in Greek 




North- Western Tribes of Ca- 
nada 30 0 0 

;fi996 0 6 
1887. . 

Solar Radiation 18 10 0 

Electrolysis 30 0 0 

Ben Nevis Observatory 76 0 0 

Standards of Light (1886 

grant).... 20 0 0 

Standards of Light (1887 

grant) 10 0 0 

Harmonic Analysis of Tidal 

Observations 16 0 0 

Magnetic Observations 26 2 0 

Electrical Standards 50 0 0 

Silent Dischai^e of Electricity 20 0 0 

Absorption Spectra 40 0 0 

Nature of Solution 20 0 0 

Influence of Silicon on Steel 30 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Volcanic Phenomena of Japan 

(1886 grant) 60 0 0 

Volcanic Phenomena of Japan 

(1887 grant) 60 0 0 

Oae Gwyn Cave, N. Wales ... 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 20 0 0 

Goal Plants of Halifax...,.,... 25 0 0 
Microscopic Structure of the 

Rocks of Anglesey..... 10 0 0 

Exploration of the Eocene 
Beds of the Isle of Wight... 20 0 0 

Underground Waters 6 0 0 

* Manure ’ Gravels of Wexford 10 0 0 
Provincial Museums Reports 6 0 0 

Lymphatic System 26 0 0 

Naples Biological Station ... 100 0 0 
Plymouth Biological Station 60 0 0 
Granton Biological Static^ 76 0 0 

Zoological Record 100 0 0 

Flora of China 76 0 0 

Flora and Fauna of the 

Oameroons 76 0 0 

Migration of Birds 30 0 0 

Bathy-hypsographical Map of 

British Isles 7 6 0 

Regulation of Wages 10 0 0 

Prehistoric Race of Greek 

Islands.......^. 20 0 0 

Racial Photographs, Egyptian 20 0 0 


€1186 18 0 



1888. 


G-BANTS OJ MOJfEY. 


cis 
£ t. a. 


£ s. d, 

Ben Kevis Observatory 160 0 0 

Electrical Standards 2 6 4 

Magnetic Observations 15 0 0 

Standards ojp^ Light 79 2 3 

Electrolysis 30 0 0 

Uniform N(5menclature in 

Mechanics 10 0 0 

Silent Discharge of Elec- 
tricity 9 11 10 

Properties of Solutions 25 0 0 

Influence of Silicon on Steel 20 0 0 
Methods of teaching Ohemis- 

try ^ 10 0 0 

Isomeric Naphthalene Deriva- 
tives., 25 0 0 

Action of Light on Hydracid j 20 0 0 
Sea Beach near Bridlington... 20 0 0 

Geological Record 50 0 0 

Manure Gravels of Wexford... 10 0 0 

Erosion of Sea Coasts 10 0 0 

Underground Waters 5 0 0 

Palseontographical Society ... 60 0 0 
Pliocene Fauna of St, Erth... 60 0 0 


Carboniferous Flora of Lan- ' 
cashire and West Yorkshire 26 0 0 
Volcanic Phenomena of Vesu- 


vius 20 0 0 

Zoology and Botany of West 

Indies 100 0 0 

Flora of Bahamas 100 0 0 

Development of Fishesr—St. . 

Andrews 60 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 76 0 0 

Naples Zoological Station ... 100 0 0 

Lymphatic System 26 0 0 

Biological Station at Granton 60 0 0 
Peradeniya Botanical Station 60 0 0 
Development of Teleostei ... 16 0 0 
Depth of Frozen Soil in Polar 

Regions 6 0 0 

PreciousMetals in Circulation 20 0 0 
Value of Monetary Standard 10 0 0 
EfEect of Occupations on Phy- 
sical Development 25 U 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric^ Bace in Greek 
Islands..,...*. 20 0 0 


£mi 0 6 


1889. 

Ben Nevis Observatory..,. 60 0 0 

Electrical Standards*,.... 76 0 0 

Electrolysis 20 0 0 

Surface Water Temperature... 30 0 0 

Silent Discharge of Electricity 
on Oxytren 6 4 8 


Methods of teaching Chemls* 

try 10 0 0 

Action of Light on Hydracids 10 0 0 

Geological Record 80 0 0 

Volcanic Phenomena of Japan 25 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 20 0 0 

Higher Eocene Beds of Isle of 

Wight 15 0 0 

West Indian Explorations ... 100 0 0 

Flora of China 25 0 0 

Naples Zoological Station ... 100 0 0 
Physiology of Lymphatic 

System 25 0 0 

Experiments with a Tow-net 5 16 3 
Natural History of Friendly 

Islands 100 0 0 

Geology and Geography of 

Atlas Range 100 0 0 

Action of Waves and Currents 

in Estuaries 100 0 0 

North-Western Tribes of 

Canada 150 0 0 

Nomad Tribes of Asia Minor 30 0 0 

Corresponding Societies 20 0 0 

Marine Biological Association 200 0 0 


* Baths Committee,’ Bath 100 0 0 

dgl417 0 11 


1890. 

Electrical Standards 12 17 ^ 

Electrolysis 6 0 (? 

Electro-optics.... 50 0 0 

Mathematical Tables 25 0 Oi 

Volcanic and Seismological 

Phenomena of Japan 76 0 0 

Pellian Equation Tables 15 0 ^ 

Properties of Solutions ...... 10 Q 0 

International Standard for the 
Analysis of Iron and Steel 10 0 0 
Influence of the Silent Dis- 
charge of Electricity on 

Oxygen 5 0 0 

Methods of teachingChemistiy 10 0 0 
Recording Results of Water 

Analpis 4 10 

Oxidation of Hydracids in 

Sunlight 15 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palseozoic Phyllopoda 10 0 0 

Circulation of Underground 

Waters 5 0 0 

Excavations at Oldbury Hill 15 0 0 

Cretaceous Polyzoa 10 0 0 

Geological Photographs 7 14 11 

Lias Beds of Northampton ... 26 0 0 

Botanical Station at Perade- 
niya 25 0 0 



geneeal statement. 


CX 


& S, dt» 

Experiments with a Tow- 

net 4 3 y 

Naples Zoological station ... 100 0 0 

Zoology and Botany of the 

West India Islands 100 0 0 

Marine Biological Association 30 0 0 
Action of Waves and Currents 

in Estuaries 150 0 0 

Graphic Methods in Mechani- 
cal Science ;*••• 2 

Anthropometric Calculations 5 0 0 

Nomad Tribes of Asia Minor 25 0 0 

Corresponding Societies 20 0 0 

”^ 99 * 1.6 8 


1891. 


Ben Nevis Observatory......... 

Electrical Standards 

Electrolysis 

Seismological Phenomena of 

Japan 

Temperatures of Lakes 

Photographs of Meteorological 

Phenomena.... 

Discharge of Electricity from 

Points 

Ultra Violet Bays of Solax 

Spectrum 

International Standard for 
Analysis of Iron and Steel... 
’^Isomeric Naphthalene Deriva- 

/ tives 

Formation of Haloids 

Action of Light on Dyes ...... 

Geological l^cord.... 

Volcanic Phenomena of Vesu- 
vius 

Fossil Phyllopoda 

Photographs of Geological 

Interest 

Lias of Northamptonshire ... 
Registration of Type-Speci- 
mens of British Fossils...... 

Investigation of ElboltonCave 
Botanical Station at Pera- 

deniya 

Experiments with a Tow-net 
Marine Biological Association 
Disappearance of Native 

Plants — 

Action of Waves and Currents 

in Estuaries^ 

Anthropometric Calculations 
New Edition of ‘Anthropo- 
logical Notes and Queries’ 
North - Western Tribes of 

Canada .. 

Corresponding Societies - 


60 

100 

5 

10 

20 

5 

10 

60 

10 

25 

25 

17 

100 

10 

10 

9 

25 

5 

26 

60 

40 

12 

5 

125 

10 

60 

200 

26 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

5 

0 

5 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 ' 

0 

0 

0 

0 

0 

0 

0 

0 

0 


£1029 10 0 


1892. 

£ s. d. 

Observations on Ben Nevis ... 60 0 0 

Photographs of Meteorological 

Phenomena 15 0 0 

Pellian Equation Tables ..f... 10 0 0 
Discharge of Electricity from 

Points -T.... 50 0 0 

Seismological Phenomena of 

Japan 10 0 0 

Formation of Haloids 12 0 0 

Properties of Solutions 10 0 0 

Action of Light on Dyed 

Colours 10 0 0 

Erratic Blocks "fo 0 0 

Photographs of Geological 

Interest 20 0 0 

Underground Waters 10 0 0 

Investigation of Elbolton 

Cave.... 25 0 0 

Excavations at Oldbury Hill 10 0 0 

Cretaceous Polyzoa 10 0 0 

Naples Zoological Station ... 100 0 0 
Marine Biological Association 17 10 0 

Deep-sea Tow-net 40 0 0 

Fauna of Sandwich Islands... 100 0 0 
Zoology and Botany of West 

India Islands 100 0 0 

Climatology and Hydrography 

of Tropical Africa 60 0 0 

Antbropometric Laboratory... 5 0 0 
Anthropological Notes and 

Queries 20 0 0 

Prehistoric Remains in Ma- 

shonaland 60 0 0 

North-Western Tribes of 

Canada 100 0 0 

Corresponding Societies 26 0 0 


£864 10 " O 


1893. 

Electrical Standards 26 0 0 

Observations on Ben Nevis ... 160 0 0 

Mathematical Tables 16 0 0 

Intensity of Solar Radiation 2 8 6 
Magnetic Work at the Fal- 
mouth Observatory 25 0 0 

Isomeric Naphthalene Jlei^ 

vatives 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 5 0 0 

Underground Waters 6 0 0 

Shell-bearing Deposits at 
Clava, Chapelhall, &c. ...... 20 0 0 

Eurypterids of the Pentland 

Hills 10 0 0 

Naples Zoological Station ...100 0 0 
Marine Biological Association 30 0 0 
Farma of Sandwich Islands 100 0 0 
Zoology and Botany of West 
India Islands........ 50 0 0 



(SRANtS OF MON3EY. 


cxi 


£ 8, A, 

Exploration of Irish Sea 30 0 0 

Physiological Action of 

Oxygen in Asphyxia 20 0 0 

Index of Genera and Species 

of Animal^ 20 0 0 

Exploration Karakoram 

Mountains 60 0 0 

Scottish Place-names 7 0 0 

Climatology and Hydro- 
graphy of Tropical Africa 50 0 0 

Economic Training 3 7 0 

Anthropometric Laboratory... 6 0 0 

Exploration in Abyssinia 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Corresponding Societies 30 0 0 


.£‘907 35 6 


1894. 

Electrical Standards 25 0 0 

Photographs of Meteorological 

Phenomena 10 0 0 

Tables of Mathematical Func- 
tions 15 0 0 

Intensity of Solar Radiation 6 6 6 

Wave-length Tables 10 0 0 

Action of Light upon Dyed 

Colours 6 0 0 

Erratic Blocks 16 0 0 

Fossil PhyUopoda.... 6 0 0 

Shell -bearing Deposits at 

Clava, &c 20 0 0 

Eurypterids of the Pentland 

HiUs 6 0 0 

New Sections of Stone.sfield 

Slate 14 0 0 

Observations on Earth Tre- 

noiors 60 0 0 

Exploration of Calf - Hole 

Cave 6 0 0 

Naples Zoological. Station ... 100 0 0 

Marine Biological Association 6 0 0 

Zoology of the Sandwich 


Zoology of the Irish Sea 40 0 0 

Structure and Function of the 

Mammalian Heart 10 0 0 

Exploration^ Abyssinia ... 30 0 0 

Econonodc Training 9 10 0 

Anthropometric Laboratory 

Statistics * 6 0 0 

Ethnographical Survey 10 0 0 

The Lake Village at Glaston- 
bury 40 0 0 

Anthropometrical Measure- 
ments in Schools 6 0 0 

Mental and Physical Condi- 
tion of Children 20 0 0 

Corresponding Societies 26 0 0 


:e583 15 6 


1896. 

£ 8. d. 

Electrical Standards 5 0 0 

Photographs of Meteorological 

Phenomena 10 0 0 

Earth Tremors 75 o 0 

Abstracts of Phj^sical Papers 100 0 0 
Reduction of Magnetic Obser- 
vations made at Falmouth 

Observatory 60 0 0 

Comparison of Magnetic Stan- 
dards 25 0 0 

Meteorological Observations 

on Ben Nevis 50 0 0 

Wave-length Tables of the 
Spectra of the Elements ... 10 0 0 

Action of Light upon Dyed 

Colours 4 6 i 

Formation of Haloids from 

Pure Materials 20 0 0 

Isomeric Naphthalene Deri- 
vatives 30 0 0 

Electrolytic Quantitative An- 
alysis 30 0 0 

Erratic Blocks 10 0 0 

Palseozoic PhyUopoda 6 0 0 

Photographs of Geological In- 
terest 10 0 0 

Shell-bearing Deposits at 

Clava, <kc 10 0 0 

Eurypterids of the Pentland 

HiUs 3 0 0 

New Sections of Stonesfield 
Slate 60 0 0 


Exploration of Calf Hole Cave 10 0 0 
Nature and Probable Age of 
High-level Flint-drifts .. .,i 10 0 0 
Table at the Zoological Station 

at Naples 100 0 0 

Table at the Biological Labo- 
ratory, Plymouth 16 0 0 

Zoology, Botany, and Geology 

of the Irish Sea 36 9 4 

Zoology and Botany of the 

West India Islands 60 0 .0 

Index of Genera and Species 

of Animals, 60 0 0 

Climatologyof Tropical Africa 5 0 0 
Exploration of Hadramut ... 50 0 0 
Calibration and Comparison of 


Measuring Instruments ... 26 0 0 
Anthropometric Measure- 
ments in Schools 6 0 0 

Lake Village at Glastonbury 30 0 0 
Exploration of a Kitchen- 

midden at Hastings 10 0 0 

Ethnographical Survey 10 0 0 

Physiological Applications of 

the Phonograph 26 0 0 

Corresponding Societies ...... 30 0 0 


£977 15 6 



GENE>EAL STATEMENT. 


Photographs of Meteorological 

Phenomena 15 

Seismological Observations... 80 
Abstracts of Physical Papers 100 
Calculation of certain Inte- 
grals 10 

Uniformity of Size of Pages of 

Transactions, &c 5 

Wave-length Tables of the 
Spectra of the Elements ... 10 
Action of Light upon Dyed 

Colours 2 

Electrolytic Quantitative Ana- 
lysis 10 

The Carbohydrates of Barley 

Straw 50 

Reprinting Discussion on the 
Relation of Agriculture to 

Science 5 

Erratic Blocks 10 

Palaeozoic Phyllopoda 5 

Shell-bearing Deposits at 

Clava, &c 10 

Eurypterids of the Pentland 

• Hills 2 

Investigation of a Coral Reef 
by Boring and Sounding ... 10 
Examination of Locality where 
the Oetiosaurus in the Ox- 
ford Museum was found ... 25 

Palaeolithic Deposits at Hoxne 26 
Fauna of Singapore Oaves ... 40 
Age and Relation of Rocks 
near Moreseat, Aberdeen . 10 
Table at the Zoological Sta- 
tion at Naples 100 

Table at the Biological Labo- 
ratory, Plymouth 16 

Zoology, Botany, and Ueology 

of the Irish Sea 60 

Zoology of the Sandwich Is- 
lands 100 

African Lake Fauna 100 

Oysters under Normal and 
Abnormal Environment ... 40 
Climatology of Tropical Africa 10 
Calibration and Comparison of 
Measnring Instruments. ..... 20 

Small Screw Gauge 10 

North-Western Tribes of 

Canada 100 

Lake Yillage at Glastonbury . 30 

Ethnographical Survey * . 40 

Mental and Physical Condi- 
tion of Children 10 

Physiological Applidations of 

the Phonograph... 26 

Corresponding Societies Com- 
mittee^.*...... 30 


1897. 

£ s. d. 

Mathematical Tables 25 0 0 

Seismological Observations... iOO 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of certain in- 
tegrals 10 0 0 

Electrolysis and Eleet-ro- 

chemistry 60 0 0 

Electrolytic Quanti tative Ana- 
lysis 10 0 0 

Isomeric Naphthalene Deri- 
vatives 50 0 0 

Erratic Blocks 10 0 0 

Photographs of Geological • 

Interest 15 0 0 

Remains of the Irish Elk in 

the Isle of Man 15 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 9 10 8 

Zoological Bibliography and 

Publication 5 0 0 

Index Generum et Specierom 

Animalium TOO 0 0 

Zoology and Botany of the 

West India Islands 40 0 0 

The Details of Observa- 
tions on the Migration of 

Birds 40 0 0 

Climatology of Tropical 

Africa 20 0 0 

Ethnographical Survey 40 0 0 

Mental and Physical Condi- 
tion of Children 10 0 0 

Silchester Excavation 20 0 0 

Investigation of Changes as- 
sociated with the Func- 
tional Activity of Nerve 
Cells and their Peripheml 

Extensions 180 0 0 

Oysters and Typhoid 30 0 0 

Physiological Applications of 

the Phonograph 15 0 0 

Physiological Effects of Pep- 
tone and its Precursors 20 0 0 

Fertilisation in Phteophycem 20 0 0 

Corresponding Societies Com- 
mittee 25 0 0 


. ^ £1069 10 8 


. 1898. 

Electrical Standards 75 o o 

Seismological Observations..^ 76 0 0 
Abstracts of Physical Papers 100 0 0 
Calculation of certain In- 
tegrals 10 0 0 

Electrolysis and Electro-chem- 
istry .• 36 0 0 

Meteorological Observatory at 
Montreal...... 60 0 0 



GRANTS OF MONEF. 


& s. d. 

Wave-length Tables of the 
Spectra of the Elements ... 20 0 0 
Action of Light upon Dyed 

Colours 8 0 0 

Erratic Blockft 6 ^ 0 

Investigation of a Coral Reef 40 Or tO 
Photographs *of Geological 

Interest 10 0 0 

Life-zones in British Car- 
boniferous Rocks 15 0 0 

Pleistocene Fauna and Flora 

in Canada 20 0 0 

Table at the Zoological Sta- 
tion, ISfaples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 14 0 0 

Index Generum et Specierum 

Animalium 100 0 0 

Healthy and Unhealthy Oys- 
ters 30 0 0 

Climatology of Tropical Africa 10 0 0 

State Monopolies in other 

Countries 15 0 0 

Small Screw Gauge 20 0 0 

North-Western Tribes of 

Canada 75 0 0 

Lake Village at Glastonbury 37 10 0 

Silohester Excavation 7 10 0 


Ethnological Survey of Canada 75 0 0 
Anthropology and Natural 
History of Torres Straits... 125 0 0 
Investigation of Changes asso- 
ciated with the Functional 
. Activity of Nerve Cells and 
their Peripheral Extensions 100 0 0 
Fertilisation in Phseophyceas 15 0 0 
Corresponding Societies Com- 


mittee 25 0 0 


£1212 0 0 


1899. 

Electrical Standards... 225 0 0 

Seismological Observations... 65 14 8 

Science Abstracts .100 0 0 

Heat of Combination of Metals 

in Alloys.. - 20 0 0 

Radiation in a Magnetic Field 50 0 0 
Calculation^ of certain In- 
tegrals .* 10 0 0 

Action of Light upon Dyed 

Colours 4 19 6 

Relation between Absorption 
Spectra and Constitution of 

Organic Substances 50 0 0 

Erratic Blocks 15 0 0 

Photographs of Geological 

Interest 10 0 0 

Remains of Irish Elk in the 
Isle of Man...,,.......,....:..., 15 0 0 

Pleistocene Flora and Fauna 
in Canada 30 0 0 

1910 . 


cxiii 


£ s. d. 

Records of Disappearing Drift 
Section at Moel Try faen ... 6 0 0 

Ty Newydd Caves 40 0 0 

Ossiferous Oaves at Uphill ... 30 0 0 
Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Generum et Specierum 

Animalium 100 0 0 

Migration of Birds 15 0 0 

Apparatus for Keeping Aqua- 
tic Organisms under Definite 

Physical Conditions 16 0 0 

Plankton and Physical Con- 
ditions of the English Chan- 
nel during 1899 100 0 0 

Exploration of Sokotra 35 0 0 

Lake Village at Glastonbury 60 0 0 

Silohester Excavation 10 0 0 

Ethnological Survey of Canada 36 0 0 
New Edition of ‘Anthropo- 
logical Notes and Queries ’ 40 0 0 

Age of Stone Circles 20 0 0 

Physiological Effects of Pep- 
tone 30 0 0 

Electrical Changes accom- 
panying Discharge of Re- 
spiratory Centres ...’ 20 0 0 

Influence of Drugs upon the 
Vascular Nervous Sptem... 10 0 0 
Histological Changes in Nerve 

Cells 20 0 0 

Micro-chemistry of Ceils 40 0 0 

Bdstology of Suprarenal Cap- 
sules 20 0 0 

Comparative Histology of 

Cerebral Cortex 10 0 0 

Fertilisation in Phmophyceas 20 0 0 

Assimilation in Plants 20 0 0 

Zoological and Botanical Pub- 
lication 6 0 0 

Corresponding Societies Com- 
mittee 25 0 0 


£1430 14 2 


1900. 

Electrical Standards 25 0 0 

Seismological Observations... 60 0 0 
Radiation in a Magnetic Field 25 0 0 
Meteorological Observatory at 

Montreal 20 0 0 

Tables of Mathematical Func- 
tions 75 0 0 

Relation between Absorption 
Spectra and Constitution 

of Organic Bodies 30 0 0 

Wave-len^h Tables.... 5 0 0 

Electrolytic Quantitative 

Analysis 6 0 0 

g 



cxiv 


GENERAL StATEMjBNT. 


£ s. d, 

Isomorphous Sulphonic De- 
rivatives of Benzene 20 0 0 

The Nature of Alloys 30 0 0 

Photographs of Geological 

Interest 10 0 0 

Remains of Elk in the Isle of 

Man 5 0 0 

Pleistocene Fauna and Flora 

in Canada 10 0 0 

Movements of Underground 

Waters of Craven 40 0 0 

Table at the Zoological Sta- 
tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Generum et Specierum 

Animalium 50 0 0 

Migration of Birds 16 0 0 

Plankton and Physical Con- 
ditions of the English 

Channel 40 0 0 

Zoology of the Sandwich 

Islands 100 0 0 

Coral Reefs of the Indian 

Re^on 30 0 0 

Physical and Chemical Con- 
stants of Sea-Water 100 0 0 

Future Dealings in Raw 

Produce 2 10 0 

Silchester Excavation 10 0 0 

Ethnological Survey of 

Canada 50 0 0 

New Edition of ‘Anthropo- 
logical Notes and Queries * 40 0 0 
Photographs of Anthropo- 
logical Interest 10 0 Q 

Mental and Physical Condi- 
tion of Children in Schools 6 0 0 
Ethnography of the Malay 

Peninsula 25 0 0 

Physiological EfiEects of Pep- 
tone 20 0 0 

Comparative Histology of 

Suprarenal Capsules 20 0 0 

Comparative Histology of 

Cerebral Cortex. 500 

Electrical Changes in Mam- 
malian Nerves 20 0 0 

Vascular Supply of Secreting 

Glands 10 0 0 

Fertilisation in Phaeophyeeae 20 0 0 
Corresponding Societies Com- 
mittee 20 0 0 


£1072 10 0 


1901. 

Electrical Standards 45 0 0 

Sexsmological Observations... 76 0 0 

Wave-length Tables... 4 14 0 

Isomorphous Sulphonic De- 
rivatives of Benzene 35 0 0 


£ £, d. 

Life-zones in British Car- 
boniferous Rocks 20 0 0 

Underground Water of North- 
west Yorkshire 60 0 0 

Exploration of Irish Caves... 15 0 0 
Table at the Zoological SlSi- 

tion, Naples 100 0 0 

Table at the Biological La- 
boratory, Plymouth 20 0 0 

Index Generum et Specierum 

Animalium 75 0 0 

Migration of Birds 10 0 0 

Terrestrial Surface Waves ... 5 0 0 

Changes of Land-level in the 

Phlegraean Fields..... 50 0 0 

Legislation regulating Wo- 
men’s Labour 15 0 0 

Small Screw Gauge 45 0 0 

Resistance of Road Vehicles 

to Traction 76 0 0 

Silchester Excavation 10 0 0 

Ethnological Survey of 

Canada 30 0 0 

Anthropological Teaching ... 5 0,0 

Exploration in Crete 146 0 0 

Physiological Effects of Pep- 
tone 30 0 0 

Chemistry of Bone Marrow... 5 15 11 
Suprarenal Capsules in the 

Rabbit 6 0 0 

Fertilisation in Phseophyceae 16 0 0 

Morphology, Ecology, and 
Taxonomy of Podoste- 

macese 20 0 0 

Corresponding Societies Com- 
mittee.... 15 0 0 


£920 9 11 


1902. 


Electrical Standards 40 0 0 

Seismological Observations... 35 0 0 
Investigation of the Upper 
Atmpsphere by means of 

Kites 75 0 0 

Magnetic Observations at Fal- 
mouth 80 0 0 

Relation between Absorption 
Spectra and Organic Sub-^ 

stances 20 0 0 

Wave-length Tables 5 0 0 

Life-zones in British Car- 
boniferous Bocks 10 0 0 

Exploration of Irish Caves ... 45 0 0 

Table at the Zoological 

Station, Naples 100 0 0 

Index Generum et Specierum 

Animalium lOO 0 0 

Migration of BWs 15 0 0 

Structure of Coral Reefs of 
Indian Ocean 50 0 0 



GRANTS OF MONEY. 


CSV 


£ s. d. 


£ t. a. 


Compound Ascidians of the 

Clyde Area 25 0 0 

Terrestrial Surface Waves ... 15 0 0 

Legislation regulating Wo- 
men’s Labour 30 0 0 

Small Screw Gauge 20 0 0 

Resistance Road Vehicles 

to Traction 50 0 0 j 

Ethnological Survey of i 

Canada 15 0 0 , 

Age of Stone Circles 30 0 0 ' 

Exploration in Crete 100 0 0 

Anthropometric Investigation 
of N^ive Egyptian Soldiers 15 0 0 

Excavations on the Roman 

Site at Gelligaer 5 0 0 

Changes in Hiemoglobin 15 0 0 

Work of Mammalian Heart 
under Influence of Drugs... 20 0 0 

Investigation of the Cyano- 

phycem 10 0 0 

Reciprocal Influence of Uni- 
versities and Schools 5 0 0 


Anthropometry of the Todas 
and other Tribes of Southern 

India 50 0 0 

The State of Solution of Pro- 

teids 20 0,0 

Investigation of the Cyano- 

phyceie 25 0 0 

Respiration of Plants 12 0 0 

Conditions of Health essential 

for School Instruction 6 0 0 

Corresponding Societies Com- 
mittee 20 0 0 

£845 IH" 2 


1904. 

Seismological Observations... 40 0 0 
Investigation of the Upper 
Atmosphere by means of 

Kites 60 0 0 

Magnetic Observations at 
Falmouth 60 0 0 


Conditions of Health essen- 
tial to carrying on Work in 

Schools 2 0 0 

Corresponding Societies Com- 
mittee 1 5 0 0 

£947" 0 0 


1903. 


Electrical Standards 35 0 0 

Seismological Observations... 40 0 0 

Investigation of the Upper 
Atmosphere by means of 

Kites 75 0 0 

Magnetic Observations at Fal- 
mouth 40 0 0 

Study of Hydro«aromatic Sub- 
stances 20 0 0 

Erratic Blocks 10 0 0 

Exploration of Irish Caves ... 40 0 0 

Underground Watersof North- 
west Yorkshire 40 0 0 

Life-zones in British Car- 
boniferous Rocks 5 0 0 

Geological [^otographs 10 0 0 

Table at the Zoological Sta- 
tion at Naples 100 0 0 

Index Generom et Specierum 

Animalium 100 0 0 

Tidal Bore, Sea Waves, and * 

Beaches 15 0 0 

Scottish National Antarctic 

Expedition 60 0 0 

Legislation affecting Women’s 

Labour 25 0 0 

Researches in Crete .*...100 0 0 

Age of Stone Circles 3 13 2 

Anthropometric Investigation 5 0 0 


Wave lengthTables of Spectra 

10 

0 

0 

Study of Hydro-aromatic Sub- 
stances 

25 

0 

0 

Erratic Blocks 

10 

0 

0 

Life-zones in British Car- 
boniferous Rocks 

35 

0 

0 

Fauna and Flora of the 
Trias 

10 

0 

0 

Investigation of Fossiliferous 
Drifts 

50 

0 

0 

Table at the Zoological Sta- 
tion, Naples 

100 

0 

0 

Index Generum et Specierum 
Animalium 

60 

0 

0 

Development in the Frog 

15 

0 

0 

Researches on the Higher 
Crustacea 

15 

0 

0 

British and Foreign Statistics 
of International Trade 

25 

0 

0 

Resistance of Road Vehicles 
to Traction. 

90 

0 

0 

Researches in Crete 

100 

0 

0 

Researches in Glastonbury 
Lake Village 

25 

0 

0 

Anthropometric Investigation 
of Egyptian Troops 

8 

10 

0 

Excavations on Roman Sites 
in Britain 

26 

0 

0 

The State of Solution of Fro- 
teids 

20 

0 

0 

Metabolism of Individual 
Tissues 

40 

0 

0 

Botanical Photographs 

4 

8 

11 

Respiration of Plants 

16 

0 

0 

Experimental Studies in 
Heredity 

36 

0 

0 

Corresponding Societies Com- 
mittee 

20 

0 

0 


£887 8 11 
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1905. 


Seismological Observations... 
Investigation of the Upper 
Atmosphere by means of 

Kites 

Magnetic Observations at Fal- 


Wave-length Tables of Spec- 
tra 

Study of Hydro-aromatic 


Dynamic Isomerism . 


Fauna and Flora of the British 

Trias 

Table at the Zoological Sta- 


Index Generam et Specierum 


Development of the Frog ... 
Investigations in the Indian 


Trade Statistics . 


Anthropometric Investiga- 
tions of Egyptian Troops... 
Excavations on Roman Sites 


The State of Solution of Pro- 

teids.,. 

Metabolism of Individual 


Structure of Fossil Plants ... 
Corresponding Societies Com- 
mittee. 20 


£ 

S. 1 

1 . ; 

40 

0 

0 

40 

0 

0 ! 

40 

0 

0 

50 

0 

0 

I 

5 

0 

0 i 

1 

25 

0 

0 ' 

20 

0 

0 ! 

25 

0 

0 

10 

0 

0 

100 

0 

0 

75 

0 

0 

10 

0 

°! 

160 

0 

0 1 

4 

4 

8 1 

75 

0 

0 i 

10 

0 

0 

10 

0 

0 

5 10 

0 

0 

30 

0 

0 

20 

0 

0 

30 

0 

0 

40 

0 

0 

3 

17 

6 

36 

0 

0 

, 60 

0 

0 


0 0 


iJ928 2 2 


1906. 


Freshwater Fishes of South 


Rainfall and Lake and River 


Lake Village at Glastonbury 
Excavations on Roman Sites 


AnthropometricInvesLigations 


State of Solution of Proteids 
Metabolism of Individual 

Tissues 

Effect of Climate upon Health 


Research on South African 


Studies suitable for Elemen- 


Corresponding Societies Com- 


1907. 


Seismological Observations... 
Magnetic Observations at 


Magnetic Survey of South 


Wave-length Tables of 


Study of Hydro - aromatic 


Dynamic Isomerism 

Life Zones in British Car' 


Electrical Standards 

Seismological Observations... 
Magnetic Observations at Fal- 
mouth 

Magnetic Survey of South 

Africa 

Wave-length Tables of Spectra 
Study of Hydro-aromatic Sub- 
stances 

Aromatic Nitramines 

Fauna and Flora of the British 

Trias 

Crystalline Rocks of Anglesey 
Table at the Zoological Sta- 
tion, Kaples ...... 

Index Animalium 

Development of the Frog...... 

Higher Crustacea 


Fauna and Flora of British 

Trias 

Faunal Succession in the Car- 
boniferous Limestone of 
South-West England 16 


£ 

s. d. 

50 

0 

0 

10 

0 

0 

100 

0 

0 

40 

0 

0 

30 

0 

0 

30 

0 

0 

20 

0 

0 

20 „0 

0 

20 

0 

0 

14 

39 

4 

25 

0 

0 

6 

0 

0 

25 

0 

J) 

S?882 

0 

9 

60 

0 

0 

40 

0 

0 

40 

0 

0 

25 

7 

6 

10 

0 

0 

30 

0 

0 

30 

0 

0 

. 10 

0 

0 

, 10 

0 

0 

! 10 

0 

0 


0 0 


26 

0 

0 1 

Correlation and Age of South 




40 

0 

0 

j African Strata, &c 

10 

0 

0 




1 Table at the Zoological 




50 

0 

0 

Station , Naples 

100 

0 

0 




Index Animaliu m * . . . 75 

0 

0 

99 

12 

6 

Development of the Sexual 




6 

0 

0 

Cells 

1 

11 

8 




Oscillations of the Land Level 




25 

0 

0 

in the Mediterranean Basin 

50 

0 

0 

10 

0 

0 

Gold Coinage in Circulation 







in the United Kingdom ... 

8 19 

7 

7 

8 

11 

Anthropometric Investiga- 




30 

0 

0 

tions in the British Isles... 

10 

0 

0 




Metabolism of Individual 




100 

0 

0 

Tissues 

45 

0 

0 

75 

0 

0 

The Ductless Glands 

26 

0 

0 

10 

0 

0 

Effect of Climate upon Health 




15 

0 

0 

and Disease 

55 

0 

c 



GRANTS OF MONEY. 


CXVU 


& s. A. 

Physiology of Heredity ...... 30 0 0 

Research on South African 

Oycads 35 0 0 

Botanical Photographs .5 0 0 

Structure gf Fossil Plants ... 5 0 0 | 

Marsh Vegetation.., 15 0 0 1 

Oorrespondteg Societies Com- 1 

mittee 16 1^ 1 j 


£757 12 10 


1908. 


Seismological Observations ... 40 0 0 i 

Purliaer Tabulation of Bessel j 

Functions 15 0 0 i 

Investigation of Upper Atmo- j 

sphere by means of Kites... 25 0 O' 

Meteorological Observations j 

on Ben Nevis 25 0 0 i 

*■ Geodetic Arc in Africa 200 0 0 j 

WavedengthTablesof SjDectra 10 0 0 j 

Study of Hydro-aromatic Sub- ; 

stances 30 0 0 

Dynamic Isomerism 40 0 0 

Transformation of Aromatic 

Nitramines 30 0 0 

Erratic Blocks 17 16 6 

Fauna and Flora of British 


Trias 10 0 0 | 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles 10 0 0 

Pro- Devonian Bocks.. 10 0 0 

Exact Significance of Local 

Terms 5 0 0 

Composition of Charnwood 

Bocks 10 0 0 

Table at the Zoological Station 

at Naples 100 0 0 

Index Animalium 75 0 0 

Hereditary Experiments 10 0 0 

Fauna of Lakes of Central 

Tasmania 40 0 0 

Investigations in the Indian 

Ocean 50 0 0 

Exploration in Spitsbergen ... 30 0 0 

Gold Coinage in Circulation 

in the United Kingdom 3 7 6 

Electrical Standards 50 0 0 

Glastontory Lake Village^ ... 30 0 0 
Excavatmns *on Roman Sites 

in Britain 15 0 0 

Age of Stone Circles 50 0 0 

Anthropological Notes and 

Queries 4:0 0 0 

Metabolism of Individual 

Tissues........... 40 0 0 

The Ductless Glands...., 13 14 8 

Effect of Climate upon Health 

and Disease 35 0 0 

Body Metabolism in Cancer... 30 0 0 
Electrical Phenomena and 
Metabolism of Arum Spa- 
diee$ * 10 0 0 


£ 8. d. 

Marsh Vegetation 15 0 0 

Succession of Plant Remains 18 0 0 
Corresponding Societies Com- 
mittee 25 0 0 


£1157 18 8 


1909. 

Seismological Observations 60 0 0 
Investigation of the U pper At- 
mosphere by means of Kites 10 0 0 
Magnetic Observations at 

Falmouth 50 0 0 

Establishing a Solar Ob- 
servatory in Australia 50 0 0 

Wave-length Tables of Spectra 9 16 0 
Study of Hydro-aromatic Sub- 
stances 15 0 0 

Dynamic Isomerism 35 0 0 

Transformation of Aromatic 

Nitramines 10 0 0 

Electroanalysis 30 0 0 

Fauna and Flora of British 

Trias 8 0 0 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles 8 0 0 

Palaeozoic Rocks of Wales and 

the West of England 9 0 0 

Igneous and Associated Sedi- 
mentary Rocks of Glensaul 11 13 9 

Investigations at Biskra 50 0 0 

Table at the Zoological Station 

at Naples 100 0 0 

Heredity Experiments 10 0 0 

Feeding Habits of British 

Birds 5 0 0 

Index Animalium..... 75 0 0 

Investigations in the Indian 

I Ocean 35 0 0 

Gaseous Explosions 76 0 0 

Excavations on Roman Sites 

in Britain 6 0 0 

Age of Stone Circles 30 0 0 

Researches in Crete 70 0 0 

The Ductless Glands 35 0 0 

Electrical Phenomena andMe- 
tabolism of Arum Spadices 10 0 0 

Reflex Muscular Rhythm 10 0 0 

AnsQsthetics 25 0 0 

Mental and Muscular Fatigue 27 0 0 
Structure of Fossil Plants ... 6 0 0 

Botanical Photographs.... 10 0 0 

Experimental Study of 

Heredity 30 0 0 

Symbiosis between Tur- 
bellarian Worms and Algse 10 0 0 

Survey of Clare Island,... 66 0 0 

Curricula of Secondary Schools 6 0 0 
Corresponding Societies Com- 
mittee 21 0 0 


£1014 9 9 
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1910. £ s. d. 

Measurement of Geodetic Arc 

in South Africa........ 100 0 0 

Republication of Electrical 

Standards Report s 100 0 0 

Seismological Observations... 60 0 0 

Magnetic Observations at 

Ealmouth 25 0 0 

Investigation of the Upper 

Atmosphere 25 0 0 

Studyof Hydro-aromatic Sub- 
stances 25 0 0 

Dynamic Isomerism 35 0 0 

Transformation of Aromatic 

Nitro-amiiies 15 0 0 

Electroanalysis 10 0 0 

Faunal Succession in the Car- 
boniferous Limestone in the 

British Isles 10 0 0 

South African Strata 5 0 0 

Fossils of Midland Coalfields 25 0 0 

Table at the Zoological Sta- 
tion at Naples 100 0 0 

Index Animalium 75 0 0 

Heredity Experiments 15 0 0 

Feeding Habits of British 
Birds 5 0 0 


£ s, d. 

Amount and Distribution of 


! Income 35 0 0 

j Gaseous Explosions 75 0 0 

Lake Villages in the neigh- 
bourhood of Glastonbury.f. 5 0 0 
Excavations on Roman Sit^s 

in Britain 6 0 0 

Neolithic Sites in Northern 

Greece 5 0 0 

The Ductless Glands 40 0 0 

Body Metabolism in Cancer... 20 0 0 

Anaesthetics 26 0 0 

Tissue Metabolism ... 25^ 0 0 

Mental and Muscular Fatigue 38 17 0 
Electromotive Phenomena in 

Plants 30 0 0 

Structure of Fossil Plants ... 10 0 0 
Experimental Study of 

Heredity 30 0 0 

Survey of Clare Island 30 0 0 

Corresponding Societies Com- 
mittee 20 0 


£963 17 0 



REPORT OF THE COUNCIL. CXIX 

EEPOET OF THE COUNCIL, 1909-1910. 

I. The Council resolved to present the following Address to His 
Majesty the King on his accession to the Throne: — 

• To THE King's Most Excellent Majesty. 

May it please Your Majesty, — We, the President and Council of the 
British Association for the Advancement of Science, most respectfully 
desire to be permitted to express to Your Majesty our deepest sympathy 
in the great loss which Your Majesty and the Empire have sustained 
in the#death of your august Father, King Edward VII. 

The British Association bears in grateful remembrance the fact that 
your illustrious Grandfather, His Eoyal Highness the Prince Consort, 
"to whose scientific knowledge and wise guidance the nation owes much, 
accepted the office of President of the Association for the Meeting held 
at Aberdeen in 1859. We would also gratefully record that more 
recently your Father, the late King, was pleased, in 1904, to accede 
to the request that he should honour the Association by becoming its 
Patron. 

We beg to be permitted to offer to Your Majesty the humble expres- 
sion of our sincere congratulation and loyal homage and devotion on 
your succession to the Throne of your Ancestors, and we confidently 
hope that the progress of Science during the reign of Your Majesty will 
continue to promote the prosperity of your people throughout the 
Empire. 

Signed on behalf of the Council, 

J. J. Thomson, 

President. 

To this Address the following reply was received : — 

Home Office, Whitehall : June 30th, 1910 

Sir, — I am commanded by the King to convey to you hereby His 
Majesty's thanks for the loyal and dutiful Address of the President and 
Council of the British Association for the Advancement of Science 
expressing their sympathy with His Majesty on the occasion of the* 
lamented death of his late Majesty King Edward the Seventh, and con- 
gratulation on His Majesty's Accession to the Throne. 

I am, Sir, 

Your obedient servant, 

(Signed) Winston S. Churchill. 

Sir j. T. Thomson, F.E.S. 

The Council further desired the President to forward the following 
letter: — 

Lieut.-Col. Sir Arthur J. Bigge, K.O.M.G., G.O.V.O., &c., &c. 

Sir, — I have the honour to inform you that the Council of the 
British Association for the Advancement of Science have voted a humble 
Address of sympathy .and congratulation to His Majesty the King. 

The Address refers gratefully to the honour which King Edward Vil. 
conferred upon the Association by becoming its Patron in 1904. The 
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Council, in voting the Address, directed me to express the respectful 
hope that His Majesty may be graciously pleased to follow his august 
Father in the Patronage of the Association. 

I have the honour to be, Sir, 

Your obedient Servant, ^ 

(Signed) J. J. Thomson, 

President of the British Association . 

The following gracious reply was received: — 

Marlborough House, Pall Mall, S.W. 

Dear Sir, — I am commanded by the King to inform you that His 
Majesty is graciously pleased to become Patron of the British Association 
for the Advancement of Science. 

Yours faithfully, 

(Signed) W. Oarington, 

Keeper of His Majesty's Privy Purse. 

II. Sir "William Ramsay, K.C.B., F.R.S., has been unanimously 
nominated by the Council to fill the office of President of the Association 
for 1911 (Portsmouth Meeting). 

III. The following Nominations are made by the Council: — 

Conference of Delegates. — ^Dr. Tempest Anderson (Chairman), 

Professor P, F. Kendall {Yice-Chairman), Mr. W. P. D. Stebbing 
(Secretary). 

Corresponding Societies Committee. — Mr. W. Whitaker (Chair- 
man), Mr, W. P. D. Stebbing (Secretary), Rev. J. 0. Bevan, Sir 
Edward Brabrook, Dr. J. G. Garson, Dr. B. H. Griffiths, Dr. A. C. 
Haddon, Mr. T. Y. Plolmes, Mr. J. Hopkinson, Mr. A. L. Lewis, 
Mr. F. W. Rudler, Rev. T. R. R. Stebbing. 

IV. A Report has been received from the Corresponding Societies 
Committee, together with the list of the Corresponding Societies, and 
the titles of the more important papers published by the Societies during 
the year ending May 31, 1910. 

V. The following Resolutions were formulated by the General 
Committee at Winnipeg and referred to the Council : — 

(i) * That the Council be asked to consider the relationship of the 

Sections generally, and* the possible desirability of a new 
subdivision and the incorporation of new subjects. 

(ii) That in any revision of the organisation of the Association 

full recognition be given to the importance of Agricultural 
Science. " 

The Council iresolved that a Committee be appointed, with the 
following terms of reference: — 

To consider and report to the Council on the relationship of the 
Sections generally, and the possible desirability of a new 
subdivision and the incorporation of new subjects, and to 
make recommendations on other matters arising therefrom, 
the Committee being empowered to "confer with Members 
of the Association outside its own body, if necessary. 
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The following were appointed to serve on the Committee: — 
The President, General Officers, and President-Elect, with 


Prof, n* E. Armstrong. 
Sir Edward Brabrook. 
Sir Lauder Brunion. 
!\feijor P. G. Craigie. 
Dr. J. A. Ewing. 

Pr?f. J. B. Farmer. 

Dr. G. Carey Foster. 
Sir A. Geikie. 

Sir D. Gill. 

Dr. E. T. Glazebrook. 


Prof. F. Gotch. 

E. Sidney Hartland. 

Dr. J. Scott Keltie. 

Sir Oliver Lodge. 

Prof. E. B. Poulton. 

W. A. Price. 

Dr. W. N. Shaw. 

Dr. J. J. H. Teall. 

Sir T. E. Thorpe. 

Dr. A. Smith Woodwai'd. 


'Jhe Council received the following Eeport from the Committee, and 
ordered it to be transmitted to the General Committee [note, p. cxxv.] : — 

(i) The Committee recommends: — 

Section /I. — That the title of this Section be changed to 
‘ Mathematics, Physics, and Astronomy (including Cosmical 
Physics). ’ 

That the Council be recommended, when appointing the 
President of the Section, to observe, so far a§ possible, a rotation 
in the three subjects, so that Mathematics, Experixiiental Science, 
and Observational Science may be represented successively in 
the President. 

That the official recognition of the two subjects not repre- 
sented in the President in any one year should be ensured by the 
specific appointment of two of the Vice-Presidents of the Section 
to act as Chairman in any deliberations carried on department- 
ally in those subjects respectively. Departmental deliberations in 
each of the three subjects should, as a rule, occupy two days at 
most, the Sections sitting as a whole at other times. 

That the Secretariat remain as at present, with one Recorder 
for the whole Section, and that one Secretary at least be a repre- 
sentative of each subject specified in the title of the Section. 

(ii) The Committee has given careful consideration to the suggestion 
of its Executive Sub-Committee that the subjects of Geology (now 
Section 0) and Geography (now Section E) might be combined in one 
Section to which the Sub- Section is attached be specifi-cally appinted 
above for Section A. 

The Committee, while not prepared definitely to recommend the 
combination of Geology and Geography— or of any other two Sections 
now distinct — is of opinion that this question should receive further 
consideration from the Council and from the General Committee. 

(iii) The Committee recommends the formation of a permanent 
Sub-Section of Agriculture, attached to a Section to be determined by 
the Council annually in a certain rotation (unless the Council shall see 
reason to the contrary), e.g,, as between the Sections of Chemistry, 
Economic Science, and Botany. 

The Committee recommends that one. of the Vice-Presidents of the 
Section to which the Sub-section is attached be specifically appointed 
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as the Chairman of the Sub-Section, unless the sectional President 
himself represents Agriculture; that the Sub-Section have its own 
Recorder, and that one of the Secretaries of the Section be a repre- 
sentative of the Sub-Section. 

As a matter arising out of the above reference, the Council caused 
a letter to be addressed to each Sectional Committee, urging that joint 
meetings and discussions on set subjects should be arranged in greater 
number than heretofore, and also putting forward a distribution of 
presidential addresses in time, in order that kindred subjects might 
not clash. 

VI. A Resolution, referred to the Council by the General Com- 
mittee at Winnipeg, has been received 

From Section H : — 

I. 

To recommend the Council to represent to the Dominion Govern- 
ment : — 

(i) ' That it is essential to scientific knowledge of the early history 
of Canada that full and accurate records should be obtained 
of the physical character, geographical distribution and 
migrations, languages, social and political institutions, 
.native arts, industries, and economic systems of the 
aboriginal peoples of the country. 

(ii) * That scientific knowledge of the principles of native design 
and handicraft is an essential preliminary to any develop- 
ment of native industries such as has already been found 
practicable, especially in the United States, in Mexico, and 
in India, and that such knowledge has also proved to be of 
material assistance in the creation of national schools of 
design among the white population. 

(iii) * That, in the rapid development of the country, the native 
population is inevitably losing its separate existence and 
characteristics. 

(iv) That it is therefore of urgent importance to initiate, without 
delay, systematic observations and records of native physical 
types, languages, beliefs, and customs; and to provide for the 
preservation of a complete collection of examples of native 
arts and industries in some central institution, and for public 
. guardianship of prehistoric monuments such asVilfage sites, 
burial grounds, mounds, and rock carvings. 

(v) ‘ That the organisation necessary to secure these objects; and 
to render the results of these inquiries accessible to students 
and to the public, is such as might easily be provided in 
connection with the National Museum at Ottawa, which 
already includes many fine examples of aboriginal arts and 

• manufactures, and might be made a centre for the scientific 

study of the physical types, languages, beliefs, and customs 
of the aboriginal peoples.’* 
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II. 


To recommend the Council to urge the Dominion Goyernment to 
include in the schedules of the next Canadian Census full inquiries as to 
precise place of origin, native language, previous status and occupation, 
year of immigration, and such other information as may be deemed of 
scientific vaiue for the study of the effects of the Canadian environment 
upon immagrants of European origin. 

It was resolved that the above Eesolution be adopted and forwarded 
to the Dominion Government, with the following covering letter : — 


The Eight Hon. Sir Wilfrid Latjrier. 

Sir, — By direction of the Council of the British Association for the 
Advancement of Science, we have the honour to submit the accompany- 
ing Eesolution for the consideration of the Dominion Government. This 
Eesolution was formulated by the Anthropological Section of the 
Association during its meeting at Winnipeg, Manitoba, in August 1909, 
was supported by the General Committee, and adopted by the Council. 

We have the honour to be, Sir, 


Your obedient Servants, 


(Signed) 


J. J. Thomson, President. 

N, 1 

W. A. Herdman, j 


P A MacMahon, I Seoretanes. 


Eeplies were received as under: — 

Ottawa, November 23rd, 1909. 

Sir, — I have the honour, by direction of the Eight Honourable Sir 
Wilfrid Laurier, to acknowledge receipt of Eesolution of the British 
Association for the Advancement of Science formulated by the Anthro- 
pological Section of the Association during its meeting at Winnipeg in 
August 1909, respecting the early history, &c., of Canada, and to state 
that the same will receive due consideration. 

I have the honour to be, Sir, 

Your obedient Servant, 

(Signed) Eodolphe Boudreau, 

Clerk of the Privy Council. 

The Secretaries, 

British Association for the Advancement of Science, 

Burlington House, 

^ Piccadilly, London, W. 


Ottawa, November 24ih, 1909. 

Geological Survey. 

E. W. Brock, Director. 

Gentlemen, — beg to acknowledge the receipt of a copy of the 
Eesolution of the British Association with regard to ethnological work in 
Canada, which has been referred to the Geological Survey by the Privy 
Council. 
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I have to thank you for your kind interest in this matter, and trust 
that it may assist us in securing the necessary facilities for undertaking 
the work on a scale commensurate with its urgency and importance. 
The new National Museum will afford some of the requisite facilities. 

I may say that the Government has shown appreciation of the value 
of the work by enabling us two years ago to make a begjfining in this 
direction. We have an ethnologist at present living with the Esquimaux 
in the Arctic. A preliminary report on his observations appears in the 
Geological Survey Summary Eeport for 1908. With the assistance of 
the Canadian Archaeological Societies and the very kind support which 
the British Association has given in its Eesolution, I have strong hopes 
that something worth while may be accomplished along these ^ines. 

I should like to take this opportunity of expressing to the British 
Association my profound regrets that, owing to illness, I was unable to 
attend the Winnipeg Meeting to meet the individual members or to 
personally do anything for them, 

I have the honour to be, Gentlemen, 

Your obedient Servant, 

(Signed) E. W. Brock. 

The Secretaries, 

British Association for the Advancement of Science, 

Burlington House, 

Piccadilly, London, W., 

England. 

• It was subsequently reported to the Council by the General Officers 
that information had reached them that the Dominion Government of 
Canada had authorised the payment of the salary of ah ethnologist for 
the Dominion, and also a grant for the collection of ethnological 
material. This may be regarded as a direct outcome of the representa- 
tions made by the British Association. 

VII. A Eecommbnbation received by the General Committee at 
Winnipeg and referred to the Council was agreed to : — 

That the following Committee be authorised to receive contributions 
from sources other than the Association : 

* To conduct Explorations with a view to ascertaining the Age of 

Stone Circles, ' (Section if.) 

A Eecommendation received by the General Committ§e Winnipeg, 
and referred to the Council, was agreed to, amended as under: — 

* That the collection of the Anthropological Photographs printed 

by the Anthropological Photographs Committee be, and 
that all further Photographs received by them may be, 

. handed over to the custody of the Eoyal Anthropological 
Institute.' (Section HJ) 

VIII. Following a suggestion made at the Winnipeg Meeting, a list 
of desiderata for the Library of the University Cf Manitoba was obtained 
from the Librarian, and has been widely distributed by. order of the 
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Council to Members of the Association and various learned Societies, 
with a covering letter inviting them to present to the Library any books 
which they might be in a position to offer. By this means a large 
collection of books, journals, and reprints has been presented to the 
Library. 

• 

IX. The Council have authorised Section B (Chemistry) to form a 
Sub-Section for Agriculture for the Shefdeld Meeting, with a 
Chairman, Vice-Chairman, and Secretariat to deal with its transactions. 

X. The Council have received reports. from the General Treasurer 
during«the past year. His Accounts from July 1, 1909, to June 30. 
1910, have been audited and are presented to the General Committee. 

XI. In accordance with the Eegulations, the retiring Members of 
the Council are: — 

(i) Betiring by seniority: Sir E. Brabrook; Dr. A. Smith Wood- 

ward. 

(ii) Retiring by least attendance: Mr. D. G. Hogarth; the Earl of 

Berkeley; Sir J. Wolfe-Barry, 

the Council having by a unanimous vote reversed the usual order of 
three members retiring by seniority and two by least attendance. 

The Council nominated the following new members : — 

Dr. A. C. Haddon, 

Dr. J. E. Marr, 

Sir W. H. White, 

leaving two vacancies to be filled up by the General Committee without 
nomination by the Council. 

XII. The General Officers have been nominated by the Council for 
reappointment. 

XIII. Dr. 0. T. Olsen has been admitted a member of the General 
Committee. 

With reference to Section V. of the above Report, the General Committee 
rejected the proposals to change the title of Section A and to combine the subjects 
of Geology and Geography in one Section of two departments, and referred the 
question of a permanent Sub-Section of Agriculture back to the Council. 
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Bf. THE GEHEB.AL TREASUBEB. IN ACCOUNT 

ADVANCEMENT OE SCIENCE, 

109-1910. RECEIPTS. 

& s. d. 

• To Balance brought forward S42 0 9 

Life Compositions (including Transfers) 294 0 0 

New Annual Members’ Subscriptions 364 0 0 

Annual Subscriptions (including Members of American 

Association) 600 0 0 

Sale of Associates’ Tickets 776* 0 0 

Sale of Ladies’ Tickets 89 0 0 

Sale of Publications J79 1 10 

Dividend on Consols 153 1 4 

Dividend on India 3 per Cents. 101 14 0 

Great Indian Peninsula Railway ‘ B’ Annuity 49 3 6 

Interest on Deposit Account 6 6 11 

Interest on Current Account at Winnipeg Bank 3 2 10 0 

Income Tax recovered 44 6 3 

Unexpended Balances of Grants returned : — £ s. 

Botanical Photographs 8 10 

Curricula of Secondary Schools 2 15 6 

3 4 4 


£3,214 8 11 

InvestmmU, 

£ 5 . 

2^ per Cent. Consolidated Stock 6,601 10 5 

, ^ ^ o cnrt A A 


£73 Great Indian Peninsula Railway ‘B’ 

Annuity (cost) 1,493 6 6 

11,594 16 11 

Sir Frederick Bramwell’s Gift : — 

2J per Cent. Self-cumulating Consolidated 
Stock 69 4 6 

£11,664 1 4' 


John Perry, Gmeral TreoAureT, 



GENESAL tEEAStJREE’S ACOODNT. Cxxvii 


WITH THE BRITISH ASSOCIATION FOR THE Cr. 

July 1, 1909, to June 30, 1910. 


1909-1910. • PAYMENTS. 

By RAit and Offices Expenses 

Salaries, &c 

Printing, Binding, &c 

Special Grant for Committee on Wave-length Tables 


* Expenses of Winnipeg Meeting 

Payment of Grants made at Winnipeg : £, s, d. 

Measurement of Geodetic Arc in South Africa 100 0 0 

• Kepublicatiou of Electrical Standards Reports ...... . . 100 0 0 

Seiamological Observations 60 0 0 

Magnetic Observations at Falmouth 25 0 0 

Investigation of the Upper Atmosphere 25 0 0 

Study of Hydro-aromatic Substances 25 0 0 

Dynamic Isomerism 35 0 0 

Transformation of Aromatic Hitro-amines 15 0 0 

Electroanalysis 10 0 0 

Faunal Succession in the Carboniferous Limestone in 

the British Isles . 10 0 0 

South African Strata 5 0 0 

Fossils of Midland Coalfields 25 0 0 

Table at the Zoological Station at Naples 100 0 0 

Index Auimalium 75 0 0 

Heredity Experiments 15 0 0 

Feeding Habits of British Birds. 6 0 0 

Amount and Distribution of Income 15 0 0 

Gaseous Explosions 75 0 0 

Lake Villages in the neighbourhood of Glastonbury .... 5 0 0 

Excavations on Roman Sites in Britain 5 0 0 

Neolithic Sites in Northern Greece 5 0 0 

The Ductless Glands 40 0 0 

Body Metabolism in Cancer 20 0 0 

Anaesthetics 25 0 0 

Tissue Metabolism 25 0 0 

Mental and Musctdar Farigue 1817 0 

Electromotive Phenomena in Hants 10 0 0 

Structure of Fossil Plants 10 0 0 

Experimental Study of Her^ty 30 0 0 

Surveyof Clare Island ....... 30 0 0 

Corresponding Societies Committee 20 -0 0 


£ s. d. 
93 17 8 
666 8 0 
1,054 9 10 
10 0 0 
275 1 2 


963 17 0 


£3,063 X3 8 

Balance at Bank of England (Western & s, d. 

Branch) 1,149 2 1 

not paid in 3 16 9 


£1,152 17 10 

Zm Cheques not presented....... 1,006 15 3 

146 2 7 

Cash in hand 4 12 8 


£3,214 8 11 


I have examined the above Account -with the Books and Vouchers of the Associa- 
tion, and certify the same to be correct. I have sdso verified the Balance at tlie 
Bankers’, and have ascertained that the Investments are registered in the names 
of the Trustees, 


Approved — 

Edward Brabroctk,'! 
Herbert McLeod, j 
Juhj 29, 1910. 


Auditors. 


W. B. Keen, Chartered Accountant^ 

23 Queen Victoria Street, E.C. 
My 27, 1910. 
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GENERAL MEETINGS. 


GENERAL MEETINGS AT SHEFFIELD. 

On Wednesday, August 31, at '8.30 p.m., in the ‘Vic1x)ria Hall 
Professor Sir J. J. Thomson, F.R.S., resigned the office of [president to 
the Rev. Professor T. G. Bonney, F.R.S., who took the Chair and delivered 
an Address, for which see p. 3. 

On Thursday, September 1, at 3.30 p.m., the Executive Committee gave 
a Garden Party in the Botanical Gardens ; and at 8.30 p.m. the Bight 
Hon. the Lord Mayor held a Reception at the Town Hall. 

On Friday, September 2, at 8.30 p.m., in the Yictoiia Hall, Professor 
W, Stirling, M.D., delivered a Discourse on ‘ Types of Animal Movement’ 

(p. 818). 

On Monday, September 5, at 8.30 p.m., in the Victoria Hall, Mr. 
D. G. Hogarth, M.A., delivered a Discourse on ‘New Discoveries about 
the Hittites ’ (p. 824). 

On Tuesday, September 6, at 8.30 p.m.. Receptions were held (a) at 
the University by the Chancellor of the University, and (b) at the Museum, 
Mappin Art Gallery, and Weston Park by the Reception Committee. 

On Wednesday, September 7, at 3 p.m., the concluding General 
Meeting was held in the Old Firth College, when the following 
Resolutions were adopted ; — 

1. That a cordial vote of thanks be given to the Lord Mayor and Cor 
poration for the reception which they had accorded to the Association. 

2. That a vote of thanks be given to the Chancellor and Council 
of the University, the governing bodies which had granted the use of their 
buildings for the sectional meetings, and the authorities of the institutions 
and works thrown open to the inspection of the members. 

3. That a vote of thanks be given to the Local Officers and Executive 
Committees for the admirable arrangements made for the meeting. 

4. That a vote of thanks be given to the citizens of Sheffield for the 
generous hospitality shown to the members of the Association during the 
meeting. • 


OFFICERS OF SECTIONAL COMMITTEES PRESENT AT 
THE SHEFFIELD MEETING. 

SECTION A. — MATHEMATICAL AND PHYSICAL SCIENCE. ^ 

President, — ^Prof. E. W. Hobson, F.R.B. Vice-Presidents. — Dr. 0. Chree, 
F.R.S.; Dr. R. T. Glazebrook, O.B., F.R.S. ; Prof. W. M. Hicks, F.R.S. ; Prof. 
H. Lamb, F.R.S. ; Prof. A. H. Leahy, M.A. ; Prof. J. C. McLennan. /Secretaries, — 
Prof, A, W. Porter, B.Sc. (Ttecordei') ; H. Bateman, M.A. ; A. S, Eddington, 
M.A. ; E. Gold, M.A. ; Dr. F. Horton ; Dr. S. R. Milner. 


SECTION B. — CHEMISTRY. 

President, — J, E, Stead, F.R.S. Vice-Pt'esidents. — Prof. H. E. Armstrong, 
F.R,S.; Prof. J, 6. Arnold, D.Met. ; Prof. H. M. Howe, LL.D. ; Prof, Orme 
Masson, F,R.S. ; Prof. W. P. Wynne, F.R,S. Secretaries. — Dr. E. F. Armstrong 
{B^corder)i Dr* T. M. Lowry j Dr. F. M. Perkin ; W. E. S. Turner, M.Sc. 



OFFICERS OF SECTIONAL COMMITTEES. 


CXXIX 


SUB-SECTION. — AGEICXTLTTTRE. 

Chairman, — A. D.Hall, M.A., F.R.S. Vice-Chairman, — Major P. G. Craig*ie, 
C.B. ; Prof. T. B. Wood. BeoretaHes, — Dr, E. J. Russell {Recorder) ; Dr. 0. 
Crowther ; T, Golding. 

• 

SECTION G. — GEOLOGY, 

President. — Prof. A. P. Coleman, Ph.D., F.R.S. Vice-Presidents. — Prof. W. 
H. Hobbs; Prof. P. F. Kendall, M.Sc.; Prof. W. W. Watts, F.R.S. ; Dr. A. 
Smith Woodward, F.R.S. Secretaries. — W. Lower Carter, M.A. (^Recorder ) ; 
Dr. A. R. Dwerry house ; B. Hobson, M.Sc. ; Prof, S. H. Reynolds, M.A. 


SECTION D. — ^ZOOLOGY. 

President. — Prof. G- 0 . Bourne, F.R.S. Vice-Presidents. — Prof. A. Denny, 
M.Sc. ; Dr. H. F. Gadow, F.R.S. ; Dr, A. E. Shipley, F.R.S. Secfi’etaries . — 
Dr. H. W. Marett Tims (Recorder) ; Dr. J. H. Ashworth ; L. Doncaster, M.A. ; 
T. J. Evans, B.A. 


SECTION E. — GEOGRAPHY. 

President, — Prof. A, J. Herbertson, Ph.D. Vice-Presidents. — J. Bolton ; G. 
G. Chisholm, M.A., B.Sc. ; Colonel H. W. Feilden, C.B. ; Colonel SirD. A. John- 
ston, K.O.M.G., R.E. ; J. Howard Reed. Secretaries. — Rev. W. J. Barton, R. A. 
(^Recorder)) Dr. R. N. Rudmose Brown ; J. McFarlane, M.A. ; E. A. Reeves. 


SECTION F. — ECONOMIC SCIENCE AND STATISTICS. 

President, — Sir H. Llewellyn Smith, K.C.B., F.S.S. Vice-Pi'esidents. — Prof. 
E. Cannan, LL.D. ; Prof. S. J. Chapman, M.A.; Prof. H, B. Lees Smith, M.A., 
M.P. Secretaries, — H. O. Meredith, M.A. (Recorder) ; 0. R. Fay, M.A. *, Dr. W 
R. Scott ; R. Wilson, B.A. 


SECTION G.— ENGINEERING. 

President. — Prof. W, E. Dalby, M.A. Vice-Presidents. — Dugald Clerk, F.R.S. ; 
Sir R. A. Hadheld, F.R.S.; Charles Hawksley; Prof. W. Ripper, D.Eng.; 
Douglas Vickers ; Sir W. H. White, K.O.B., F.R.S. Secretaries. — Prof, E. G. 
Coker (Recorder) ; F, Boulden, B.Sc, ; A. A. Rowse, B.Sc. ; H. E. Wimperis, 
M.A, 


SECTION H.— ANTHROPOLOGY. 

PresUSkt.-^W . Crooke, B,A, Vice-Presidents.— Prof, A. F, Dixon, Sc.D. ; 
Miss A. 0. Fletcher ; Prof. J. L. Myres, M.A. ; Dr, W. H. R. Rivers, F.R,S. 
Seci'etaries,—E. N. Fallaize, B.A. (Recorder) ; H. S. Eingsford, M.A. ; Prof. C. J. 
Patten ; Dr. F. C. Shrubsall. 


SECTION I. — PHYSIOLOGY. 

President, — ^Prof. A. B. Macallum, F.R.S. Vice-Presidents. — Prof. J, S. Mac- 
donald: Prof. E. A. Schafer, F.B.S. ; Prof. C. S. Sherrin^n, F.R.S. ; Prof. Wm, 
Stirling ; Dr. A. D. Wader, F.R.S. Secretaries. — Dr. H. E. Roaf (Recorder ) ; 
Dr. H. G. M. Henry ; Keith Lucas, M.A. ; Dr, J. Tait 

1010. 


h 
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OFFICERS OF SECTIONAL COMMITTEES. 


SECTION K. — BOTANY. 

President. — Prof. J. W. H. Trail, F.R.S. Vice-Presidents. — Prof. F. 0. 
Bower, F.R.S. ; Prof. J. B. Farmer, F.R.S.; Lieut.-Col. D. Prain, C.LE., F.R.S. ; 
Br. A. B. Rendle, F.R.S. Secretaries. — Prof. R. H. Yapp, M.A.*(i2(?co?*^/e/*) ; 
B. H. Bentley, M. A. ; R. P. Gregory, M.A. ; Prof. D. T, Gwynne- Vaughan, M.A. 


SECTION L.— EDUCATIONAL SCIENCE. 

President. — ^Principal H. A. Miers, F.R.S. Vice-Presidents* — R. Blair, M.A. ; 
Prof, J. A. Green, M.A; Prof. R. A. Gregory. Secretaries — J. L. Holland. 
B.A, {Beccrder)\ A. J. Arnold, B.A, ; W. D. Eggar, M.A,; Hugh Richardson, 
M.A. 


CONFERENCE OF DELEGATES OF CORRESPONDING 

SOCIETIES. 

Chairman. — Dr. Tempest Anderson. Vice-Ckair^nan — Prof. P. F. Kendall. 
Secretary, — W. P. D. Stehbing, 


COMMITTEE OF RECOMMENDATIONS. 

The President and Vice-Presidents of the Association ; the General Secretaries ; 
the General Treasurer ; the Trustees ; the Presidents of the Association in 
former years ; the Chairman of the Conference of Delegates ; Prof. E. W. 
Hobson ; Dr. 0. Chree ; J. E. Stead ; Dr. E. F. Armstrong ; Prof. A. P. Cole- 
man; W. Lower Carter; Prof. G. 0. Bourne; Dr. Marett Tims; Prof. A. J. 
Herberlson Rev. W. J. Barton ; Prof.. S. J. Chapman ; H. 0. Meredith ; 
Prof. W, E. Dalhy ; Prof. E, G. Coker; W. Crooke; E. N. Fallaize ; Prof. 
A. B. Macallum ; Dr, H. E, Roaf ; Prof. J. W. H. Trail ; Prof. R. H. Yapp : 
Principal H. A. Miers ; J. L. Holland; and A. D. Hall. 



RESEARCH COMMITTEES, 
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Research CoxMMixrEES, etc., appointed by the General Committee 
AT the Sheffield Meeting : September 1910. 

1. Receiving Grants of Money, 


Subject for Investigation, or Purpose 


Members of Committee 


Section A.~~MATHEMATICS AND PHYSICS. 

£ s. (i. 

Seismological Observations. j Chairman. — ProfessorH H.Turner. 60 0 0 

Secretary. — Dr. J. Milne. 

; Mr. 0. V. Boys, Mr. Horace Dar- 
I win. Major L Darwin, Dr. R. T. ; 
Glazebrook, Mr. M. H. Gray, i 
Professors J. W. Judd, C. G. i 
Knott, and R. Meldola, Mr. ! 

R. D. Oldham, Professor J. ! 

Perry, Mr. W. E. Plummer, | 

Professor J. H. Poynting, Mr. i 
Clement Reid, and Mr. Nelson 
Richardson. 

jL o co-operate with the Committee Chairman . — Sir W. H. Preece. 25 0 0 

of the Falmouth Observatory Secretary. — Dr. Yf. N. Shaw. j 
in their Magnetic Observations. Professor W. G. Adams, Captain i 

Creak, Mr. W. L. Fox, Dr. R. T. : 
Glazebrook, Professor A. Schus- i 
ter. Sir A. W. Rucker, and Dr. I 
j Charles Chree. | 

To aid the work of Establishing | Chairman. — Sir David Gill. 50 0 0 

a Solar Observatory in Australia. Secretary. — Dr. W. G. Duffield. 

Dr. W. J. S. Lockyer, Mr. F. 

McClean, and Professors A. 

Schuster and !p[. H. Turner. 

Investigation of the Upper Atmo- Chairman. — Dr. W. N. Shaw. 25 0 0 

sphere.® Secretary. — Mr. E. Gold. 

Mr. D. Archibald, Mr. G. Vernon 
Boys, Mr. 0. J. P. Cave, Mr. 

W. H. Dines, Dr. R. T. Glaze- 
brook, Professor J. E. Petavel, 

Dr. A. Schuster, Dr. W. Wat- 
son, and Sir J. Larmor. 

Grant to the International Com- 30 0 0 

mission on Physical and 
Chemical Constants. 

h 2 
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KESEAROH COMMITTEES. 


1. Receiving Grants of MoTiey — continued. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

Section B.— CHEMISTEY. 

• 

£> s. d. 

The Study of Hydro-aromatic Sub- 
stances. 

Gliairman^-^Vioiessox E. Divers. 
Secretary. — Professor A. W. Cross- 
ley. 

Professor W. H. Perkin, Dr, M. 0. 
Forster, and Dr. Le Sueur. 

20 0 0 

Dynamic Isomerism. 

Chairman. — Professor H. E Arm- 
strong, 

Secretary. — Dr. T. M. Lowry. 
Professor Sydney Young, Dr. Desch, 
Dr. J. J. Dobbie, Dr. A. Lap- 
worth, and Dr. M. 0. Forster. 

25^ 0 0 

The Transformation of Aromatic 
Nitroamines and allied sub- 
stances, and its relation to 
Substitution in Benzene De- 
rivatives. 

Chairman. — Professor F. S. Kip- 
ping. 

Secretary. — ProfessorK.J.P.Orton. 
Dr.S. Buhemann, Dr. A. Lap worth, 
and Dr. J. T. Hewitt. 

15 0 0 

Electroanalysis. 

Chairman. — Professor F. S. Kip- 
ping. 

Secretary. — Dr. F. M. Perkin. 

Dr. G. T. Beilby, Dr. T. M. Lowry, 
Professor W. J. Pope, and Dr. 
H. J. S. Sand. 

15 0 0 

The Influence of Carbon and Chainnan. — Professor J.O. Arnold, 
other Elements on the Corro- Seereta/nj. — Mr. W. B. S. Turner, 
sion of Steel. Professor W. P. Wynne, Pro- 

fessor A. McWilliam, Mr. C. 
Chappell, and Mr. E. Hodson. | 

Section 0.— GEOLOGY. 

15 0 0 

To investigate the Erratic Blocks 
of the British Isles, and to take 
measures for their preservation. 

Chairman. — Mr. B. H. Tiddeman; 
Secretary. — Dr. A . B. Dwerry house. 
Dr. T. G. Bonney, Mr. F. M. Burton, 
Mr. F. W, Harmer, Bev. S. N. 
Harrison, Dr. J. Horne, Mr, W. 
Lower Carter, Professor W. J, 
Sollas, and Messrs. Wm. Hill, 
J. W. Stather, and J. H. Milton. 

10 0 0 

To enable Mr. E. Greenly to com- 
plete his Kesearches on the 
Composition and Origin of the 
Crystalline Eocks of .Anglesey. 

Chairman. — Mr. A. Harker. 
Secretary. — Mr. B. Greenly. 

Dr. J. Horne, Dr. 0. A. Matley, ' 
and Professor K. J. P. Orton. 

2 0 0 

k 

To excavate Critical Sections in 
the Palaeozoic Rocks of Wales 
and the West of England. 

Chairman. — Professor C. Lap- 
worth. 

Secretary — Mr. W. G. Feamsides. 
Dr. Herbert Lapworth, Dr, J. E, 
Harr, Professor W. W. Watts, 
and Mr. G. J. Williams. 

10 0 0 

To investigate the Microscopical 
and Chjemical Composition of 
Ohamwbod Bocks, 

Chairman. — Professor W. W. 

Watts, n 

Secretary. — Dr, T. T. Groom. 

Dr. F. W. Bennett and Dr. Stracey. 

2 00 
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1. Receiving Grants of Money — continued. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

• 


<£ £. d. 

The Investigation of the Igneous 
and Associated Rocks of Glen- 
saul and Lough Kafooey Areas, 
Co. Galway. 

Chaimian, — Professor W. W. 
Watts. 

Secretary* — Professor S. H. Rey- 
nolds. 

Messrs. H. B. Maufe and 0. I. 
Gardiner. 

15 0 0 

To enable Mr. C. Forster Cooper 
to ^examine the Mammalian 
Fauna in the Miocene deposits 
of the Bugti Hills, Baluchistan. 

Section 

Chairman. — ^Professor G. C. Bourne. 
Secretary. — Mr. C. Forster Cooper. 
Drs. A. Smith Woodward, A. E. 
Shipley, 0. W. Andrews, and 
H. F. Gadow and Professor J. 
Stanley Gardiner. 

D.— ZOOLOGY. 

45 0 0 

To aid competent Investigators 
selected by the Committee to 
carry on definite pieces of work 
at the Zoological Station at 
Naples. 

Chairman. — Professor S. J. Hick- 
son. 

Secretary. — Mr. E. S. Goodrich. 

Sir E. Ray Lankester, Professor 
A. Sedgwick, Professor W. 0. 
McIntosh, Dr. S. F. Harmer, Mr. 
G. P. Bidder, Dr. W.B. Hardy, and 
Professor A. D. Waller. 

75 0 0 

Compilation of an Index Generum 
et Specierum Animalium. 

Chairman. — Dr. H. Woodward. 
Secretary. — Dr. F, A. Bather. 

Dr. F. L. Sclater, Rev. T. R. R. 
Stebbing, Dr. W. E. Hoyle, the 
Hon. Walter Rothschild, and 
Lord Walsingham. 

75 0 0 

To investigate the Feeding Habits 
of British Birds by a study of 
the contents of the crops and 
gizzards of both adults and 
nestlings, and’ by collation of 
observational evidence, with 
the object of obtaining precise 
knowledge as to the economic 
status of many of our commoner 
birds affecting rural science. 

Chairman. — Dr. A. E. Shipley. 
Secretary,— l&x. H. S. Leigh. 
Messrs. J. N. Halbert, Robert 
Newstead, Clement Reid, A. G. 
L. Rogers, and F. V. Theobald, 
Professor F. E. Weiss, Dr. C. 
Gordon Hewitt, and Professors 
S. J. Hickson, F. W. Gamble, 
G. H. Carpenter, and J. Arthur 
Thomson. 

o 

o 

To invesggate the Biological 
Problems incidental to the Bel- 
mullet Whaling Station. 

Chairman. — Dr. A. B. Shipley. 
Secretary. — Professor J. Stanley 
Gardiner. 

Professor W. A. Herdman, Rev. 
W. Spotswood Green, Mr. E. S. 
Goodrich, Dr. H. W. Marett 
Tims, and Mr. R. M. Barrington. 

30 0 0 

To enable Mr. 0. Forster Cooper 
to examine the Mammalian 
! Fauna in the Miocene ^deposits 
of the Bugti Hills, Baluchistan. 

Chairman. — Professor G.C.Boume. 
Seeretwry. — Mr. C, Forster Cooper. 
Drs, A. Smith Woodward, A. E. 
Shipley, C. W. Andrews, and 
H. F. Gadow and Professor J. 
Stanley Gardiner. 

30 0 0 
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RESEARCH COMMITTEES. 


1. Receiving GranU of Money — continued 
Subject for Investigation, or Purpose Members of Committee Grants 


Section E.— GEOGHAPHY. 

♦ £ s. d 

To complete the map of Prince Chairman Mr. G. G. Cliifrholm. 3U 0 0 

Charles Foreland, Spiizbergen, Secretary. — Dr. R. N. Rudmose 
based on the surveys of 1906, Brown. 

1907, and 1909, made by Dr. Sir Duncan Johnston and Mr. 

W. S. Bruce. E. A. Reeves. 

Upon a new series of equal area Chairman . — Professor A. J. Her- 2(f 0 0 

maps, to measure areas of bertson. 
vertical relief, vegetation, and Secretary. — Wc. E. A. Reeves, 
rainfall ; to calculate the mean Dr. H. R. Mill, Mr. G. G. Chisholm, 

, levels of the sphere, the con- and Colonel 0. F. Close, 
tinents and the oceans, and the 
total mean annual rainfall over 
the lands. 


i Section F.~EC0N0MIG SCIENCE AND STATISTICS. 

1 

The Amount and Distribution of Chairman . — Professor E. Cannan. 5 0 0 
Income (other than Wages) be- Secretao*y . — Professor A. L. Bow- 
low the Income-tax exemption ley. 

limit in the United Kingdom. Dr. W. R. Scott, and Professors 

F. Y. Edgeworth and H. B. Lees 
Smith. 

Section G.~ENGINEEEING. 

The Investigation of Gaseous Ex- Chairman . — Sir W. H. Preece. | 90 0 0 
plosions, with special reference SecretaHes. — Mr. Dugald Clerk ! 
to Temperature. and Professor B. Hopkinson. 

Professors W. A. Bone, P. W. Bur- ’ 
stall, H. L. Callendar, E. G. i 
Coker, W. E. Dalby, and H. B. ' 

Dixon, Drs. R. T. Glazebrook i 
and J. A. Harker, Colonel H . C. L. | 

Holden, Professor J. E. Petavel, j 
Captain H. Riall Sankey, Pro- ; 
lessor A. Smithells, Professor 
W, Watson, Mr. D. L. Chapman, i 
and Mr. H. E. Wimperis. ' 


Section H.— ANTHROPOLOGY. . ^ 

To^ investigate the Lake Yillages Chairman. — Dr. R. Munro. 6 0 0 

in the neighbourhood of Glas- Secretary . — Professor W. Boyd 
tonbury in connection with a Dawkins. 

Committee of the Somerset Professor W. Ridgeway, Dr. Arthur 
Archaeological and Natural J. Evans, Dr. C. H. Read, Mr. 

History Society. H. Balfour, and Mr. A. Bulleid. 

To ^-operate with Local Com- Chairman . — Prof essor J. L. Myres. 10 0 C 

mittees in Excavations on Secretary. — ProfessqrR. C. Bosan- 
Roman Sites in Britain. quet. 

Dr. T. Ashby and Professor W, 

> Ridgeway. 
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i, Receimng Rrants of Money — continued. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

i 

# 


£ d. 

To conduct Explorations with the 
object of ascertaining the Age 
of Stone Circles. 

Chairmaii. — Dr. C. H. Read. 
Secretary. — Mr. H. Balfour. 

Lord Avebury, Professor W. Ridge* 
way. Dr. J. G. Garson, Dr. A. J. 
Evans, Dr. R. Munro, Professor 
Boyd Dawkins, and Mr. A. L. 
Lewis. 

30 0 0 

To jSrepare a New Edition of Notes 
and Queries in Anthropology. 

Chairman. — Dr. C. H. Read. 
Secretary. — Professor J. L. My res. 
Mr. E. N. Fallaize, Dr. A. 0. Had- 
don, Mr. T. A. Joyce, and Drs. 
0. S. Myers, W. H. R. Rivers, 
0. G. Seligmann, and F. C. 
Shrubsall. 

40 0 0 

1 To investigate and ascertain the 
Distribution of Artificial Is- 
lands in the lochs of the High- 
lands of Scotland. 

Section ] 

Chairman. — Dr. R. Munro. 
Secretary. — Professor J. L. Myres. 
Professors T. H. Bryce and W. 
Boyd Dawkins. 

[.—PHYSIOLOGY. 

10 0 0 

The Ductless Glands. 

Chairman. — Professor Schfi,fer. 

—Professor Swale Vin- 
cent 

Professor A. B. Macallum, Dr. L. E. 
Shore, and Mrs.W. H. Thompson. 

40 0 0 

Body Metabolism in Cancer. 

Ghairmm. — Professor 0. S. Sher- 
rington. 

Secretary. — Dr. S. M. Copeman. 

6 13 0 

To aid competent Investigators 
selected by the Committee to 
carry on definite pieces of work 
at the Zoological Station at 
Naples. 

Chairman. — Professor S. J. Hick- 
son. 

Secretary, — Mr. E. S. Goodrich. 

1 Sir .E. Ray Lankester, Professor 
A. Sedgwick, Professor W. G. 
McIntosh, Dr. S. F. Harmer, 
Mr. G. P. Bidder, Dr. W. B. 
Hardy, and Professor A. D. 
Waller. 

25 0 0 

To acqmre further knowledge, 
Clinical and Experimental, con- 
cerning Anaasthetics—especially 

1 Chloroform, Ether, and Alco- 
hol — with sjDecial reference to 
Deaths by or during Anfssthesia, 
and their possible diminution. 

Chairman . — Dr. A. D, Waller. 
Secretary , — Dr. F. W. Hewitt. 

Dr. Blumfeld, Mr. J. A. Gardner, 
and Dr. G. A. Buckmaster. 

20 0 0 

Mental and Muscular Fatigue, 

Chairman . — ^Professor C. S. Sher- 
rington. 

Secretary . — Dr. W. MacDougall. 
Professor J, S. MacDonald, Mr. 
H. Sackville Lawson, and Mr. 
G. Chapman. 

25 0 0 

1 
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RESEARCH COMMITTEES. 


1. Receiving 0 / continued. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

Electromotive Phenomena in 
Plants. 

Chairman. — Dr. A. D. Waller. 
Secreta/ry. — Mrs. Waller. * 

Professors F. Gotch, J. B. Farmer, 
and Yeley, and Dr. F. O’B. 
Ellison. 

£ s. d. 
10 0 0 

The Dissociation of Oxy-Hasmo- 
giobin at High Altitudes. 

Chairman. — Professor E. H. Star- 
ling. 

Sccreta/ty. — Dr. J. Barcroft. 

Dr. W. B. Hardy. 

25 0 0 

c 

Sectiok K.— botany. 


The Structure of Fossil Plants. 

Chairman. — Dr. D. H. Scott. 
Secretary. — Professor F.W. Oliver. 
Mr. E. Newell Arber and Professors 
A. C. Seward and F. E Weiss. 

15 0 0 

The Experimental Study of 
Heredity. 

Chairman. — Mr. Francis Darwin. 
Secretary. — Mr. A. G. Tansley. 
Professors Bateson and Keeble. 

45 0 0 

A Botanical, Zoological, and Geo- 
logical Survey of Glare Island. 

Chairman. — Professor T. Johnson. 
Secretary. — Mr. R. Lloyd Praeger, 
Profe.ssor Grenville Cole, Dr. 
Scharff, and Mr. A. G. Tansley. 

20 0 0 

To carry out the scheme for the 
Registration of Negatives of 
Botanical Photographs. 

Chairman. — Professor F.W. Oliver. 
Secretary. —Professor F. B. Weiss. 
Dr. W. G. Smith, Mr. A. G. 
Tansley, Dr. T. W. Woodhead, 
and Professor R. H, Yapp. 

10 0 0 

Section L.— EDUCATIONAL SCIENCE. 


To inquire into and report upon 
the methods and results of 
research into the Mental and 
Physical Factors involved in 
Education. 

Chairman. — Prof essor J. J. Findlay. 
Secretary. — Professor J. A. Green. 
Professors J, Adams and E. P. 
Culverwell, Mr. G, F. Daniell, 
Miss B. Foxley, Mr. J. Gray, 
Professor R. A. Gregory, Dr. 
0. W. Kimmins, Professor W. 
MacDougall, Dr, T. P. Nunn, 
Dr. W, H. R. Rivers, Dr. 0. 
Spearman, Miss L,Edna Walter, 
and Dr. F. Warner, 

10 0 0 

[ 

CORBESPONBING SOCIETIES. 

Corresponding Societies Com- Chairman. — Mr. W. Whitaker, 
mittee for the preparation of Seereta/ry. — ^Mr. W. P. D. Stebbing, 
their Report. ^ Rev. J. 0. Bevan, Sir Edward 

Brabrook, Dr. J. G. Garson, 
Principal E. H. Griffiths, Dr. 
A. 0. Haddon, Mr. T. Y. Holmes, 
Mr. J. Hopkinson, Mr. A. L. 
Iiewis, Mr. F. W. Rudler, Rev. 
T. R. R. Stebbing, and the 
President and General Officers 
of the Association. 

0 

20 0 0 

. 
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2. Not receiving Grants of Money. 


Subject for Investigation, or Purpose 

Members of Committee 

Sbction a.— mathematics AND PHYSICS. 

Making Experiments for improving 
the Construction of Practical Stan- 
dards for use in Electrical Measure- 
m^ts. 

Cha/irman. — Lord Rayleigh. 

Secretary. — Dr. R. T. Glazebrook. 
Professors J. Perry and W. G, Adams, Dr. 
G. Carey Foster, Sir Oliver Lodge, Dr. 
A. Muirhead, Sir W. H. Preece, Pro- 
fessor A. Schuster, Dr. J. A. Fleming, 
Professor Sir J. J. Thomson, Dr. W. N. 
Shaw, Dr. J. T. Bottomley, Rev. T. 0, 
Fitzpatrick, Dr. G. Johnstone Stoney, 
Professor S. P. Thompson, Mr. J. 
Rennie, Principal E. H. Griffiths, Sir 
Arthur Rucker, Professor H. L. Cal- 
lendar, and Messrs. G. Matthey, T. 
Mather, and F. E. Smith. 

The further Tabulation of Bessel and 
other Functions. 

Chairman. — Professor M. J. M. Hill. 
Secretary. — Mr. J. W. Nicholson. 
Professor Alfred Lodge, Dr. L, N. G. 
Filon, and Sir G. Greenhill. 

To consider the advisability of drawing 
up a Report on Non-Euclidean Geo- 
metry, and to draw up the Report if 
it should seem advisable. 

(Jhairman. — Dr. H. F. Baker. 

Secretary. — Mr. D. M. Y. Sommerville. 
Professor Chrystal and Mr. A. N. White- 
head. 

Section B.— CHEMISTRY. 

The Study of Isomorphous Sulphonic 
Derivatives of Benzene. 

Chairman. — Professor H. A. Miers. 
Secretary. — Professor H. E. Armstrong. 
Professors W. P. Wynne and W. J. Pope. 

Section 0. — GEOLOGrY. 

To determine the precise Significance 
of Topographical and Geological 
Terms used locally in South Africa. 

Chairman. — Mr. G. W. Lamplugh, 
Secretary.-^'Dx. F. H. Hatch. 

Dr. G. Corstoi-phine and Messrs, A. Du 
Toit, A. P. Hall, G. Kynaston, F. P. 
Mennell, and A. W. Rogers. 

To investigate the Fossil Flora and 
Fauna or the Midland Coalfields. 

Chairman. — Dr. L. Moysey. 

Secretary. — Mr. B. Hobson 

Dr. Wheelton Hind, Mr. H. Bolton, and 
Dr. A. R. Dwerryhouse. 

The Collection, Preservation, and Sys- 
tematic Registration of Photographs 
of Geological Interest. 

Chairman. — ^Professor J. Geikie. 
Secretaries. — Professors W. W. Watts and 
S. H, Reynolds. 

Dr. T. Anderson, Mr. G. Bingley, Dr. T. 

G. Bonney, Mr. 0. V. Crook, Professor 

E. J. Garwood, and Messrs. W. Gray, 

R. Kidston, A. S. Reid, J. J. H. Teall, 
R. Welch, W. Whitaker, and H, B. 
Woodward. 



cxxxviii 


RESEARCH COMMITTEES 


2. Not receiving Grants of Mon&g — continued. 


Subject for Investigation, or Purpose 

Members of Committee 

To consider the preparation of a List of 
Characteristic Fossils. 

Chairmayi. — Professor P. E.fKendall. 
Secretary. — Mr. W. Lower Carter. 
Professor W. S. Boulton, ^Professor G. 
Cole, Dr. A. R. Dwerryhouse, Profes- 
sors J. W. Gregory, Sir T. H. Holland, 
and S. H. Reynolds, Miss M. C. 
Stopes, Mr. Cosmo Johns, Dr. J. E. 
Marr, Dr. A. Vaughan, Professor 
W. W. Watts, and Dr. A. ^mith 
Woodward. 

Section D.- 

-ZOOLOGY. 


To continue the Investigation of the 
Zoology of the Sandwich Islands, 
with power to co-operate with the 
Committee appointed for the purpose 
by the Royal Society, and to avail 
themselves of such assistance in their 
investigations as may be offered by 
the Hawaiian Government or the 
Trustees of the Museum at Honolulu. 
The Committee to have power to dis- 
pose of specimens where advisable. 

To summon meetings in London or else- 
where for the consideration of mat- 
ters affecting the interests of Zoology 
or Zoologists, and to obtain by corre- 
spondence the opinion of Zoologists 
on matters of a similar kind, with 
power to raise by subscription from 
each Zoologist a sum of money for 
defraying current expenses of the 
Organisation. 

To nominate competent naturalists 
to perform definite pieces of work at 
the Marine Laboratory, Plymouth, 


To enable Mr. Laurie to conduct Ex- 
periments in Inheritance. 


To formulate a Definite iSystem on 
which Collectors should record their 
captures. 


Chairman. — Dr. E. Du Cane Godman. 
Secretary. — Dr. David Sharp. 

Professor S. J. Hickson, Dr. P. L. Sclater, 
and Mr. Edgar A. Smith. 


Chairman. — Sir E. Ray Lankester. 

Secretary. — Professor S. J. Hickson. 

Professors G. C. Bourne, J. Cossar Ewart, 
M. Hartog, W. A. Herdman, and J. 
Graham &rr, Mr. 0. H. Latter, Pro- 
fessor Minchin, Dr. P. 0. Mitchell, 
Professors E. B. Poultonand A. Sedg- 
wick, and Dr. A, B. Shipley. 


Chairman and Secretary. — Professor A. 
Dendy. 

Sir E. Ray Lankester, Professor A. Sedg- 
wick, Professor Sydney H. Vines, and 
Mr. E. S. Goodrich. 

Chairman, — Professor W. A. Herdman. 
Secreia^i'y. — Mr. Douglas Laurie. 
Professor R. C. Punnett and Dr. H. W. 
Marett Tims. ,• ^ 

Chairma7i. — Professor J. W. H. Trail. 
Secretai'y — Mr. E. Balfour Browne. 

Dr. Scharff, Professor G. H. Carpenter, 
Professor E. B. Poulton, and Mr. A. G. 
Tansley. 


Section H.—ANTHROPOLOG-Y. 


pi© Collection, Preservation and 
Systematic R^istration of Photo- 
graphs of Anthropological Interest, 


Chairman. — Dr. C. H. Read. 

Secretary . — Mr. H. S. Kingsford. 

Dr. G. A. Auden, Mr. E. Heawood, and 
Professor J. L. Myres. 
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2. Not Q'eoeiving Grants of continued. 


Subject for Investigation, or Purpose 

Members of Committee 

To organise Anthropometric Investiga- 
tion in the British Isles. 

* 

CMirman, — Professor A. Thomson. 
Secretary. — Mr. J. Gray. 

Dr. F. C. Shrubsall. 

To excavate Neolithic Sites in Northern 
Greece. 

Chawman. — Professor W. Ridgeway. 
Seereianj. — Professor J. L. Myres. 

Mr, J. P. Droop and Mr. D. G. Hogarth. 

To conduct Archaeological and Ethno- 
logical Researches in Crete. 

Chairman. — Mr. D, G. Hogarth. 

Secretary. — Professor J. L. Myres. 
Professor R. C. Bosanquet, Dr. W. L. H. 
Duckworth, Dr. A. J. Evans, Professor 
A. Macalister, Professor YL Ridgeway, 
and Dr. F. C. Shrubsall. 

To advise on the best method of pub- 
lishing a collection of Hausa Folk- 
lore with translations and gramma- 
tical notes. 

Chairman. — Mr. B. S. Hartland. 
Secretary. — Dr. A. C. Haddon. 

Professor J. L. Myres. 

To report on the present state of know- 
ledge of the Prehistoric Civilisation 
of the Western Mediterranean with 
a view to future research. 

Chairman. — Professor W. Ridgeway. 
Secretary. — Professor J. L. Myres. 

Dr. T. Ashby, Dr. W. L. H. Duckworth, 
Mr. D. G. Hogarth, and Dr. A, J. Evans. 

To co-operate with a local Committee 
in the excavation of a prehistoric 
site at Bishop’s Stortford. 

Chairman. — Professor W. Bidgeway. 
Secretary. — Rev. Dr. A. Irving. 

Dr. A. 0. Haddon and Dr. H. W. Marett 
Tims. 

Section I.— PHYSIOLOGY. 

The Effect of Climate upon Health 
and Disease. 

Chairman. — Sir T. Lauder Brunton. 

Secretaries. — Mr. J. Barcrof t and Lieut.- 
Col. Simpson. 

Colonel Sir D. Bruce, Dr. S. G. Camp- 
bell, Sir Kendal Franks, Professor 
J. G. McKendrick, Sir A. Mitchell, 
Dr. Porter, Dr. J. L. Todd, Professor 
Sims Woodhead, and the Heads of the 
Tropical Schools of Liverpool, London, 
and Edinburgh. 

Tissue Metabolism, for the Investiga- 
tion of the Metabolism of special 
Organs. 

Chairman. — Professor E. H. Starling. 
Secretary. — Professor T. G. Brodie, 

! Dr. J. S. Haldane. 

SECTioisr K 

—BOTANY. 

To consider the promotion of the Study 
of the Plant Life of the British 
Islands, and the preparation of the 
materials for a National Flora. 

Chairman. — Professor J. W. H. Trail. 
Secretary. — Professor R. H. Yapp. 

Colonel D. Prain, Professor I. Bayley 
Balfour, Mr. R. Lloyd Praeger, Mr. A. 
B. Reudle, Dr. W. G. Smith, arid Mr. 
A. G. Tansley. 
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-2. receiving Grants of Money — continued. 
Subject for Investigation, or Purpose Members of Committee 


Section L.— EDUCATIONAL SCIENCE. , 

To take notice of, and report upon Chairman , — Sir Philip Magnus, 

changes in, Regulations— whether Seeretary . — Professor H. E. Armstrong. 
Legislative, Administrative, or made Mr. S. H. Butcher, Sir Henry Craik, 
by Local Authorities — aifecting Principal Griffiths, Sir Horace Plun- 
Secondary Education. kett, and Professor M. E. Sadler, 

To inquire into the Cumcula and Edu- CJtairman. — Mr. W. D. Eggar. * 

cational Organisation of Industrial Secretary. — Mrs. W. N. Shaw, 
and Poor Law Schools with special Mr. J. L. Holland, Dr. C. W. Kimmins, 
reference to Day Industrial Schools. and Mr. J. G. Leggo. 

To report upon the Course of Experi- Chairman . — Sir Philip Magnus, 
mental, Observational, and Practical Secretai^j. — Mr. W. M. Heller. 

Studies most suitable for Elementary Sir W. de W. Abney, Mr. R. H. Adie, 
Schools. Professor H. E. Armstrong, Miss L. J. 

Clarke, Miss A. J. Cooper, Mr. George 
Fletcher, Professor R. A. Gregory, 
Principal Griffiths, Mr. A. D. Hall, 
Dr. A. J. Herbertson, Dr. 0. W. 
Kimmins, Professor L. 0. Miall, Pro- 
fessor J. Perry, Mrs. W. N. Shaw, 
Professor A. Smithells, Dr. Lloyd 
Snape, Sir H. R. Reichel, Mr. H. 
Richardson, and Professor W. W. 
Watts. 

To inquire into and report upon the Chairman . — Principal Miers. 

overlapping between Secondary Edu- Secretary. —Professor R, A. Gregory, 
cation and that of Universities and Messrs. D. Berridge and C, H, Botham- 
other places of Higher Education. ley, Miss L. I. Clarke, Miss A. J. 

Cooper, Miss B. Foxley, Principal 
E. H. Griffiths, Mr. H. Bompas Smith, 
and Professor Smithells. 
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Gonunuflications ordered to be printed in extenso. 

Report on Solubility, by Dr. J. V. Eyre. 

Discussion on Dr. Bone’s Report on Combustion (to follow the Report). 

The Present State of the Theory of Integral Equations, by Mr. H. Bateman. 
Bibliography of Papers on Photo-electric Fatigue, by Dr. H. S. Allen. 


Resolutions referred to the Council for consideration, and, if desirable^ 

for a^ion, 

® From the General Committee, 

That the Recommendation to form a permanent Sub-section of Agriculture, 
contained in paragraph V. of the Report of the Council, be referred back to 
the Council. 

From Section D, 

That Section D reaffirms its resolution of September 3, 1908, and urges the 
Nomenclature Commission of the International Congress of Zoology to draw up 
an official list of generic names, with as little delay as possible, which shall 
not on nomenclatorial grounds be changed unless with the sanction of the 
Commission. 

From Section B, 

That the Council be requested to bring under the notice of His Majesty’s 
Government the high prices that recently have been fixed for many Geological 
Survey Maps, which tend tp keep the valuable information given by these maps 
from being circulated as freely as it ought to be, the sale now being practically 
limited to persons of some means. 

From Section H. 

To recommend the Council to bring to the notice of His Majesty’s Secretary 
of State for the Colonies the defects of the present administration of antiquities 
in Cyprus and to urge the necessity of prompt and efficient measures under 
a trained official directly responsible to the Island Government to prevent the 
destruction and spoliation of ancient remains in the island. 

From Section I, 

The Committee of Section I begs to call attention to the fact that during 
the past year resolutions have been adopted by the General Medical Council 
in support of early legislation to secure better regulation of the administration 
of general anaesthetics, and that the recent report of a Departmental Committee 
of the Home Office has laid special stress upon the need of careful clinical 
observation controlled by physiological experiments. 

The Committee asks the Association to support such legislation and inquiry. 


Recommendations referred to the Council for consideration, and, if 
desirable, for action. 

That the following Committees be authorised to receive contributions from 
sources other than the Association : — 

* To conduct Explorations with a view to ascertaining the Age of Stone 

Circles.’ (Section H.) 

* To aid investigators ... to carry on . . . work at the Zoological Station 

at Naples.* (Section D.) 



cxlii SYNOPSIS OF GBANTS OF MONEY. 


Synopsis of Grants of Money appropriated for Scientific Purposes by the 
General Committee at the Sheffield Meeting^ September 1910. 
The Names of Members entitled to call on the General Treasurer for 
the Grants are prefixed. 


Mathematical and Physical Science. £ s d 

^Turner, Professor H. H. — Seismological Observations 60 0 0 

^Preece, Sir W. H. — Magnetic Observations at Falmouth ... 25* 0 0 

^Gill, Sir David — Establishing a Solar Observatory in 

Australia 50 0 0 

^Shaw, Dr. W. N. — Investigation of the Dpper Atmosphere 25 0 0 

Grant to the International Commission on Physical and 

Chemical Constants 30 0 0 


Chemistry, 


^Divers, Professor E. — Study of Hydro-aromatic Substances 20 0 0 

Armstrong, Professor H. E. — Dynamic Isomerism 25 0 0 

’•^Kipping, Professor F. S. — Transformation of Aromatic Nitro- 

amines 15 0 0 

^Kipping, Professor F. S. — ^Electroanalysis 15 0 0 

Arnold, Professor J. 0. — Influence of Carbon, <fcc., on Corro- 
sion of Steel 15 0 0 

Geology, 

^Tiddeman, B. H. — ^Erratic Blocks 10 0 0 

^Harker, A. — Crystalline Bocks of Anglesey 2 0 0 

^Lap worth, Professor C. — Palaeozoic Bocks of Wales and the 

West of England 10 0 0 

^ Watts, Professor W. W. — Composition of Charnwood Bocks 2 0 0 

^Watts, Professor W. W. — Igneous and Associated Bocks of 

Glensaul , 15 0 0 

Bourne, Professor G. C. — Mammalian Fauna in Miocene 

Deposits, Bugti Hills, Baluchistan 45 0 0 


Zoology, 

^Hickson, Professor S, J. — Table at the Zoological Station at 


Naples 75 0 0 

’^Woodward, Dr. H. — Index Animalium 75 0 0 

^Shipley, A, E. — Feeding- Habits of British Birds... 5 0 0 

Shipley, Dr. A. E. — BeimuUet Whaling Station 30 0 0 

Bourne, Professor G. C. — Mammalian Fauna in Miocene 

Deposits, Bugti Hills, Baluchistan 30 0 0 


Carried forward £679 0 0 


* Beappointed. 
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£ s. d. 

Brought forward 579 0 0 

Geograj)hy. 

Chisholm, G. G.— -Map of Prince Charles Foreland 30 0 0 

Herbertson, Professor A. J. — Equal Area Maps 20 0 0 

Economic Science and Statistics, 

^Cannan, Professor E. — Amount and Distribution of Income 

b«low the Income-tax Exemption Limit 5 0 0 

Engineering, 

'^'Preece, Sir W. H. — Gaseous Explosions 90 0 0 

Antliroj)ology > 

‘*^Munro, Dr. B. — Lake Villages in the neighbourhood of Glas- 
tonbury 5 0 0 

^Myres, Professor J. L. — Excavations on Roman Sites in 

Britain 10 0 0 

*Read, Dr. C. H. — Age of Stone Circles 30 0 0 

^Read, Dr, C. H. — Anthropological Notes and Queries 40 0 0 

Monro, Dr. R. — Artificial Islands in Highland Lochs 10 0 0 

Physiology, 

^Schafer, Professor E. A. — The Ductless Glands 40 0 0 

^Sherrington, Professor C. S. — Body Metabolism in Cancer... 6 13 0 

^Hickson, Professor S. J. — ^Table at the Zoological Station at 

Naples 25 0 0 

^Waller, Dr. A. D, — Ansesthetics 20 0 0 

"^Sherrington, Professor C. S.— Mental and Muscular Fatigue 25 0 0 

"*^Waller, Dr. A. D. — Electromotive Phenomena in Plants ... 10 0 0 

^Starling, Professor E. H. — Dissociation of Oxy-Hcemoglobin 25 0 0 

Botany, 

*Scott, Dr. D. H. — Structure of Fossil Plants 15 0 0 

^Darwin, Dr. F. — Experimental Study of Heredity 45 0 0 

"^Johnson, Professor T. — Survey of Glare Island 20 0 0 

"’"Oliver, Professor F. W. — Registration of Botanical Photo- 
graphs 10 0 0 


Carried forward ^1060 13 0 


* Reappointed. 
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£ 5. d. 

Brought forward 1060 13 0 

Education. 

^Findlay, Professor J. J. — Mental and Physical Factors in- * 

volved in Education • 10 0 0 

Corresponding Societies Committee- 

^Whitaker, W. — For Preparation of Report 20 0 0 

Total £1090 13 0 

* Reappointed. 


Annual Meetings^ 1911 and 1912. 

The Annual Meeting of the Agsociation in 1911 will be held at 
Portsmouth, commencing August 30 ; in 1912, at Dundee, 
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1910. 




ADDEESS 


BY 

The Ebv. Professor T. G. BONNEY, Sc.D., LL.D., F.E.S,, 

PEESIDENT. 


Thirty-one years have passed since the British Association met in 
Sheffield, and the interval has been marked by exceptional progress. A 
town has become a city, the head of its municipality a Lord Mayor ; its 
area has been enlarged by more than one-fifth; its population has 
increased from about 280,000 to 479,000. Communication has been 
facilitated by the construction of nearly thirty-eight miles of electric 
tramways for home service and of new railways, including alternative 
routes to Manchester and London. The supplies of electricity, gas, 
and water have more than kept pace with the wants of the city. The 
first was just being attempted in 1879; the second has now twenty- 
three times as many consumers as in those days; the story ^ of the 
third has been told by one who knows it well, so that it is enough for me 
to say your water-supply cannot be surpassed for quantity and quality 
by any in the kingdom. Nor has Sheffield fallen behind other cities 
in its public buildings. In 1897 your handsome Town Hall was opened 
by the late Queen Victoria ; the new Post Office, appropriately built and 
adorned with material from almost local sources, was inaugurated less 
than two months ago. The Mappin Art Gallery commemorates the 
munificence of those whose name it bears, and fosters that love of the 
beautifuf which Euskin sought to awaken by his liberal gifts. Last, 
but not least, Sheffield has shown that it could not rest satisfied till its 
citizens could ascend from their own doors to the highest rung of the 
eduoataonal ladder. Firth College, named after its bountiful founder, 
was bom in the year of our last visit ; in 1897 it received a charter as 
the University College of Sheffield, and in the spring of 1905 was 
created a University, shortly after which its fine new buildings were 

^ Eistofy and Description of Sheffield Water Worhs, W. Terrey, 1908. 

B 2 



4 


president’s address. 


opened by the late King; and last year its Library, the generous gift of 
Dr. Edgar Allen, was inaugurated by his successor, when Prince of 
Wales. I must not now dwell on the great work which awaits this and 
other new universities. It is for them to prove that, so far from abstract 
thought being antagonistic to practical work, or scientific reseaf-ch to the 
labour of the factory or foundry, the one and the other can hailbaoniously 
co-operate in the advance of knowledge and the progress of civilisation. 

You often permit your President on these occasions to speak of a 
subject in which he takes a special interest, and I prefer thus trespassing 
on your kindness to attempting a general review of recent progress in 
science. I do not however propose, as you might naturally expect, 
to discuss some branch of petrology ; though for this no place could be 
more appropriate than Sheffield, since it was the Birthplace and the 
lifelong home of Henry Clifton Sorby, who may truly be called the father 
of that science. This title he won when, a little more than sixty years 
ago, he began to study the structure and mineral composition of rocks 
by examining thin sections of them under the microscope.^ A rare com- 
bination of a singularly versatile and active intellect with accurate 
thought and sound judgment, shrewd in nature, as became a Yorkshire- 
man, yet gentle, kindly, and unselfish, he was one whom his friends 
loved and of whom this city may well be proud. Sorby’s name will be 
kept alive among you by the Professorship of Geology which he has 
endowed in your University; but, as the funds will not be available for 
some time, and as that science is so intimately connected with metal- 
lurgy, coal-mining, and engineering, I venture to express a hope that 
some of your wealthier citizens will provide for the temporary deficiency, 
and thus worthily commemorate one so distinguished. 

But to return. I have not selected petrology as my subject, partly 
because I think that the great attention which its more minute details 
have of late received has tended to limit rather than to broaden our 
views, while for a survey of our present position it is enough to refer to 
the suggestive and comprehensive volume published last year by Mr. A. 
Harker; ^ partly, also, because the discussion of any branch of petrology 
would involve so many technicalities that I fear it would be found 
tedious by a largo majority of my audience. So I have preferred to 
discuss some questions relating to the effects of ice which had engaged 
my attention a dozen years before I attempted the study of rock slices. 
As much of my petrological work has been connected with mountain 

^ His BTibseq-aent investigations into tke microscopic structure of steel and other 
aBoys of iron, in tho manufacture of which your city holds a foremost place, have 
been extended by Mr. J. E. Stead and others, and they, besides being of great value 
to industiM progress, have thrown important sidelights on more than one dark 
place in petrology. 

^ Tht Natttnd History of Igneous Bocks (1909).’ 
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flisirlcts, it has been possible for me to carry on the latter without 
neglecting the former, and my study of ice- work gradually led me from 
the highlands into the lowlands/ I purpose, then, to ask your attention 
this evening to some aspects of the glacial history of Western Europe. 

At ncf very distant geological epoch the climate in the northern 
part of the earth was much colder than it is at present. So it was 
also in the southern ; but whether the two were contemporaneous is less 
certain. Still more doubtful are the extent and the work of the ice which 
was a consequence, and the origin of certain deposits on some northern 
lowfands, including those of our own islands : namely, whether they are 
tlie direct leavings of glaciers or were laid down beneath the sea by 
floating shore-ice and bergs. Much light will be thrown on this complex 
problem by endeavouring to ascertain what snow and ice have done in 
some region which, during the Glacial Epoch, was never submerged, 
and none better can be found for this purpose than the European Alps, 

At the present day one school of geologists, which of late years has 
rapidly increased in number, claims for glaciers a very large share in the 
sculpture of that chain, asserting that they have not only scooped out 
the marginal lakes, as Sir A. Eamsay maintained full half a century 
ago, but have also quarried lofty clifis, excavated great cirques, and 
deepened parts of the larger Alpine valleys by something like two 
thousand feet. The other school, while admitting that a glacier, in 
special circumstances, may hollow out a tarn or small lake and modify 
the features of rock scenery, declares that its action is abrasive rather 
than erosive, and that the sculpture of ridges, crags, and valleys was 
mainly accomplished in pre-glacial times by running water and the 
ordinary atmospheric agencies. 

In all controversies, as time goes on, hypotheses are apt to mas- 
querade as facts, so that I shall endeavour this evening to disentangle 
the two, and call attention to those which may be safely used in drawing 
a conclusion. 

In certain mountain regions, especially those where strong lime- 
stones, granites, and other massive rocks are dominant, the valleys are 
often trench-like, with precipitous sides, having cirques or corries at 
their heads, and with rather wide and gently sloping floors, which 
occasionally descend in steps, the distance between these increasing with 
that from the watershed. Glaciers have unquestionably occupied many 
of these valleys, but of late years they have been supposed to have taken 
a large share in excavating them. In order to appreciate their action 
we must imagine the glens to be filled up and the district restored to its 
former condition of a more or less undulating upland. As the mean 

^ May I add that hereafter a statement of facts without mention of an authority 
nieans that I am speaking from personal knowledge ? 
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temperature ^ declined snow would begin to accumulate in inequalities 
on the upper slopes. This, by melting and freezing, would soften and 
corrode the underlying material, which would then be removed by"* rain 
and wind, gravitation and avalanche. In course of time the hollow 
thus formed would assume more and more the outlines of a eorrie or a 
cirque by eating into the hillside. With an increasing diameter it would 
be occupied, as the temperature fell, first by a permanent snowfield, 
then by the n4vi of a glacier. Another process now becomes important, 
that called * sapping. ’ While ordinary* glacier-scour tends, as we are 
told, to produce * sweeping curves and eventually a graded sldpe," 

‘ sapping " produces * benches and cliffs, its action being horizontal and 
backwards, ' and often dominant over scour. The author of this hypo- 
thesis convinced himself of its truth in the Sierra Nevada by descending 
a bergscJirund 150 feet in depth, which opened out, as is so common, 
beneath the walls of a cirque. Beginning in the nivS, it ultimately reached 
the cliff, so that for the last thirty feet the bold investigator found rock on 
the one hand and ice on the other. The former was traversed by fracture 
planes, and was in all stages of displacement and dislodgment ; some 
blocks having fallen to the bottom, others bridging the narrow chasm, 
and others frozen into the n4vi. Clear ice had formed in the fissures of 
the cliff ; it hung down in great stalactites ; it had accumulated in stalag- 
mitio masses on the floor. Beneath the the temperature would be 
uniform, so its action would be protective, except where it set up 
another kind of erosion, presently to be noticed ; but in the chasm, we 
are informed, there would be, at any rate for a considerable part of the 
year, a daily alternation of freezing and thawing. Thus the cliff would 
be rapidly undermined and be carried back into the mountain slope, so 
that before long the glader would nestle in a shelter of its own making. 
Ehirther down the valley the moving ice would become more effective 
than sub-glacial streams in deepening its bed ; but since'^the n^v^-flow is 
almost imperceptible near the head, another agency must be invoked, 
that of * plucking. ' The ice grips, like a forceps, any loose or projecting 
fragment in its rocky bed,. wrenches that from its place, and carries it 
away. The extraction of one tooth weakens the hold of its neighbours, 
and thus the glen is. deepened by. plucking, while it is carfied back 
by ‘sapping.' Streams from melting snows on the slopes above 'the 
amphitheatre might have been expected to co-operate vigorously in 
making it^ hut of them little account seems -to be taken, and we are even 
told that in soine cases the winds probably prevented snow from resting 
on the rounded surface between two cirque-heads.® As these receded, 

^ III the remahider of this Address ♦temperature ’ is to be understood as mean 
temperature. The Eahienheit scale is used. 

2 W. D. ^oibrnOB^ Bmmoey N'.S., ix. (1899), pp. 108, 112. 

® This does not appear to have occurred in the Alps. . ■ i h ^ ^ 
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only a narrow neck would be left between them, which would be ulti- 
matelj cut down into a gap or ‘ col. ’ Thus a region of deep valleys with 
precipitous sides and heads, of sharp ridges, and of more or less isolated 
peaks is substituted for a rather monotonous, if lofty, highland. 

The hypothesis is ingenious, but some students of Alpine scenery 
think more proof desirable before they can accept it as an axiom. For 
instance, continuous observations are necessary to justify the assump 
tion of diurnal variations of temperature sufficient to produce any 
sensible effect on rock at the bottom of a narrovr' chasm nearly fifty 
yards deep and almost enclosed by ice. Here the conditions would 
more probably resemble those in a glaciate ^ or natural ice cave. In 
one of these,, during the summer, curtains and festoons of ice depend 
from the walls ; from them and from the roof water drips slowly, to be 
frozen into stalagmitic mounds on the floor, which is itself sometimes 
a thick bed of ice. On this the quantity of fallen rock debris is not 
greater than is usual in a cave, nor are the walls notably shattered, 
even though a gap sbme four yards deep may separate them from the ice. 
The floors of cirques, from which the has vanished, cannot as a 
rule be examined, because they are masked by debris which is brought 
down by the numerous cascades, little and big, which seam their walls ; 
but glimpses of them may sometimes be obtained in the smaller corries 
(which would be cirques if they could), and these show no signs of 
either * sapping ' or ' plucking," but some little of abrasion by moving 
ice. ' Cirques and corries also not infrequently occur on the sides as 
well as at the heads of valleys; such, for instance, as the two in the 
massif of the Uri Eothstock on the way to the Surenen Pass and the 
Per b, Oheval above Sixt. The Lago di Ritom lies between the mouth 
of a hanging valley and a well-defined step, and just above that is the 
Lago di Oadagno in a large steep-walled corrie, which opens laterally 
into the Val Piora, as that of the Lago di Tremorgio does into the 
southern side of the Val Bedretto. . Cirques may also be found where 
glaciers have had a comparatively brief existence, as the Creux des 
Vents on the Jura; or have never been formed, as on the slopes 
of Salina, one of the Lipari Islands, or in the limestone desert of 
Lower ^Igypt.^ I have seen a miniature stepped valley carved by a 
rainstorm on a slope of Hampstead Heath; a cirque, about a yard 
in height and breadth, similarly excavated in the vertical wall of 
a gravel pit; and a corrie, measured by feet instead of furlongs, 
at the foot of one of the Binns near Burntisland, or, on a much 
reduced scale, in a bank of earth. On all these the same agent, 
plunging water, has left its marks — ^runlets of rain for the smaller, 
streams for the larger; convergent at first, perhaps, by accident, 

^ A. J, Jukes-Browne, Oedt. Mag., 1877, p. 477, 
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afterwards inevitably combined as the hollow widened and deepened. 
Each of the great cirques is still a ‘land of streams,* and they are 
kept permanent for the greater part of the year by beds of snow on the 
ledges above its walls. • 

The ‘ sapping and plucking ’ process presents another ^difficulty — 
the steps already mentioned in the floors of valleys. These are sup- 
posed to indicate stages at which the excavating glacier transferred its 
operations to a higher level. But, if so, the outermost one must be 
the oldest, or the glacier must have been first formed in the lowest part 
of the incipient valley. Yet, with a falling temperature, the reverse 
would happen, for otherwise the snow must act as a protective mantle 
to the mature pre-glaoial surface almost down to its base. However 
much age might have smoothed away youthful angularities, it would 
be strange if no receptacles had been left higher up to initiate the 
process; and even if sapping had only modified the form of an older 
valley, it could not have cut the steps unless it had begun its work 
on the lowest one. Thus, in the case of the Creux de Champ, if we 
hesitate to assume that the sapping process began at the mouth of 
the valley of the Grande E'au above Aigle, we must suppose it to have 
started somewhere near Ormont Dessus and to have excavated that 
gigantic hollow, the floor of which lies full 6,000 feet below the 
culminating crags of the Diablerets. 

But even if ‘ sapping and plucking * were assigned a comparatively 
unimportant position in the cutting out of cirques and corries, it might 
still be maintained that the glaciers of the Ice Age had greatly deepened 
the valleys of mountain regions. That view is adopted by Professors 
Penck and Bruckner in their work on the glaciation of the Alps,^ the 
value of which even those who cannot accept some of their conclusions 
will thankfully admit. On one point all parties agree — ^that a 
valley cut by a fairly rapid stream in a durable rock is V-like in section. 
With an increase of speed the walls become more vertical; with a 
diminution the valley widens and has a flatter bed, over which the river, 
as the base-line is approached, may at last meander.. Lateral streams will 
plough into the slopes, and may be numerous enough to convert them into 
alternating ridges and furrows. If a valley has been excavated in thick 
horizontal beds of rock varying in hardness, such as limestones and 
shales, its sides exhibit a succession of terrace walls and shelving banks, 
while a marked dip and other dominant structures produce their own 
modifications. It is also agreed that a valley excavated or greatly 
enlarged by a glacier should be U-like in section. But an Alpine 
valley, especially as. we approach its head, very commonly takes the 
following form ; For some hundreds of feet up •'from the torrent it is 

* J)ie Alfen in MmeitaUer (1909). 
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a distinct V ; above this the slopes become less rapid, changing, say, 
from 450 to not more than SO'^, and that rather suddenly. Still higher 
comes a region of stone-strewn upland valleys and rugged crags, termi- 
nating in r]dges and peaks of splintered rock, projecting from a mantle 
of ice and |now. The V-like part is often from 800 to 1,000 feet in 
depth, and the above-named authors maintain that this, with perhaps 
as much of the more open trough above, was excavated during the 
Glacial Epoch, Thus the floor of any one of these valleys prior to 
the Ice Age must often have been at least 1,800 feet above its present 
leveLl As a rough estimate we may fix the deepening of one of 
the larger Pennine valleys, tributary to the Ehone, to have been, 
during the Ice Age, at least 1,600 feet in theit lower parts. Most of 
them are now hanging valleys; the stream issuing, on the level of 
the main river, from a deep gorge. Their tributaries are rather variable 
in form; the larger as a rule being more or less V-shaped; the 
shorter, and especially the smaller, corresponding more with the 
upper part of the larger valleys ; but their lips generally are less deeply 
notched. Whatever may have been the cause, this rapid change in 
slope must indicate a corresponding change of action in the erosive 
agent. Here and there the apex of the V may be slightly flattened, but 
any approach to a real U is extremely rare. The retention of the more 
open form in many small elevated recesses, from which at the present 
day but little water descends, suggests that where one of them soon 
became buried under snow,* but was insignificant as a feeder of a 
glacier, erosion has been for ages almost at a standstill. 

The V-like lower portion in the section of one of the principal 
valleys, which is all that some other observers have claimed for the work 
of a glacier, cannot be ascribed to subsequent modification by water, 
because ice- worn rock can be seen in many places, not only high up 
its sides, but also down to within a yard or two of the present torrent. " 

Thus valley after valley in the Alps seems to leave no escape from 
the following dilemma : Either a valley cut by a glacier does not difier in 
shape from one made by running water, or one which has been excavated 
by the latter, if subsequently occupied, is but superficially modified 
by ice. ffhis, as we can repeatedly see in the liigher Alpine valleys, 
has not succeeded in obliterating the physical features due to the ordi- 
nary processes of erosion. Even where its effects are most striking, as 

^ The amount varies in different valleys ; for instance, it was fully 2,880 feet at 
Amsteg on the Reuse, just over 2,000 feet at Brieg in the Rhone Valley, about 
1,000 feet at Guttauen in the Aare Valley, about 1,550 feet above Zermatt, and 
1,100 feet above Saas Grund. 

^ My own studies of mountain districts have led me to infer that on slopes of 
low grade the action of gnow is preservative rather than destructive. That con- 
clusion was confirmed by Professor Garwood in a commumcation to the Royal 
Geographical Sopiety qq jfpnp pf t}ie present year. 
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in the Spitallamm below the Grimsel Hospice, it has not wholly effaced 
those features ^ and wherever a glacier in a recent retreat has exposed 
a rock surface, that demonstrates its inefficiency as a plough. The 
evidence of such cases has been pronounced inadmissible, oi^the ground 
that the glaciers of the Alps have now degenerated into penile impo- 
tence; but in valley beds over which they passed when in the full tide 
of their strength the hanks show remnants of rocky ridges only partly 
smoothed away, and rough rock exists on the ‘ lee-sides ’ of ice- worn 
mounds which no imaginary plucking can explain. The ice seems to 
have flowed over rather than to have plunged into the obstacles?' in its 
path, and even the huge steps of limestone exposed by the last retreat 
of the Unter Grindelwald Glacier have suffered little more than a 
rounding ofi of their angles, though that glacier must have passed over 
them when in fullest development, for it seems impossible to explain 
these by any process of sapping. 

The comparatively level trough, which so often forms the uppermost 
part of one of the great passes across the watershed of the Alps, can 
hardly be explained without admitting that in each case the original 
watershed has been destroyed by the more rapid recession of the head 
of the southern valley, and this work bears every sign of having been 
accomplished in pre-glacial times. Sapping and plucking must have 
operated on a gigantic scale to separate the Viso from the Cottian water- 
shed, to isolate the huge pyramid of the Matterhorn, with its western 
spur, or to make, by the recession of the Val Macugnaga, that great gap 
between the Strahlhorn and Monte Eosa, Some sceptics even go so far 
as to doubt whether the dominant forms of a non-glaciated region differ 
very materially from those of one which has been half -buried in snow- 
fields and glaciers. To my eyes, the general outlines of the mountains 
about the Lake of Gennesaret and the northern part of the Dead Sea 
recalled those around the Lake of Annecy and on the south-eastern shore 
of Leman. The sandstone crags, which rise here and there like ruined 
castles from the lower plateau of the Saxon Switzerland, resembled 
in outlines, though on a smaller scale, some of the Dolomites in the 
Southern Tyrol. The Lofoten Islands illustrate a half-drowned moun- 
tain range from which the glaciers have disappeared. Those^ere bom 
among splintered peaks and ridges, which, though less lofty, rival in form 
the Aiguilles of Chamonix, and the valleys become more and more ice- 
worn as they descend, till the coast is fringed with skerries every one of 
which is. a foche moutonnie. The nivi in each of these valleys has been 
camparatively ineffective; the ice has gathered strength with the growth 
of the glacier. As can be seen from photographs, the scenery of the heart 
of the Caiic^a^us or of the Himalayas differs in scale rather than in kind 
from that of the Alps, Thus the amount of abrasion varies, other things 
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being equal, with the latitude. The grinding away of ridges and spurs, 
the smoothing of the walls of troughs,^ is greater in Norway than in the 
Alps; it is still greater in Greenland than in Non^^ay, and it is greatest 
of all in the Antarctic, according to the reports of the expeditions led by 
Scott and Shackleton. But even in Polar regions, under the most 
favourable conditions, the dominant outlines of the mountains, as shown 
in the numerous photographs taken by both parties, and in Dr. Wilson's 
admirable drawings, differ in degree rather than in kind from those of 
mid-European ranges. It has been asserted that the parallel sides of 
the lai^er Alpine valleys — such as the Ehone above Martigny, the 
Liitschine near Lauterbrunnen, and the Val Bedretto below Airolo — 
prove that they have been made by the ice-plough rather than by running 
water; but in the first I am unable to discern more than the normal 
efiects of a rather rapid river which has followed a trough of compara- 
tively soft rocks ; in the second, only the clifis marking the channel cut 
by a similar stream through massive limestones — cliffs like those which 
elsewhere rise up the mountain flanks far above the levels reached by 
glaciers; while in the third I have failed to discover, after repeated 
examination, anything abnormal. 

Many lake basins have been ascribed to the erosive action of glaciers. 
Since the late Sir A. Eamsay advanced this hypothesis numbers of lakes 
in various countries have been carefully investigated and the results pub- 
lished, the most recent of which is the splendid work on the Scottish 
lochs by Sir J. Murray and Mr. L. Pullar.* A contribution to science 
of the highest value, it has also a deeply pathetic interest, for it is a 
father's memorial to a much-loved son, E. P. Pullar, who, after taking a 
most active part in beginning the investigation, lost his life while saving 
others from drowning. As the time at my command is limited, and 
many are acquainted with the literature of the subject, I may be excused 
from saying more than that even these latest Researches have not driven 
me from the position which I have maintained from the first — namely; 
that while many tarns in corries and lakelets in other favourable situa- 
tions are probably due to excavation by ice, as in the mountainous" dis- 
tricts of Britain, in Scandinavia, or in the higher parts of the Alps, the 
difficulty <5f invoking this agency increases with the size of the basin — 
as, for example, in the case of Loch Maree or the Lake of Annecy— till 
it becomes insuperable. . Even if Glas Llyn and Llyn Llydaw were the 
work of a glacier, the rock basins of Gennesaret and the Dead Sea, still 
more those of the great lakes in North America and in Central Africa, 
must be assigned to other causes. 

^ If one n^y judge from photographs, the smoothing of the flanks of a valley is 
unusuaEy conspicuous in Milton Sound, New Zealand. 

® Ba^h^metncdl Survey of the Scottish Freshwater Lochs, Sir J, Murray and 
Mr. L. Pullar, 1910. 
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I pass Ob, therefore, to mention another difficulty in this hypothesis 
— that the i^lpine valleys were greatly deepened during the Glacial Epoch 
— ^which has not yet, I think, received sufficient attention. Erom three 
to four hundred thousand years have elapsed, according k) Penck and 
Bruckner, since the first great advance of the Alpine icer One of the 
latest estimates of the thickness of the several geological formations 
assigns 4,000 feet ^ to the Pleistocene and Eecent, 13,000 to the Pliocene, 
and 14,000 to the Miocene. If we assume the times of deposit to be pro- 
portional to the thicknesses, and adopt the larger figure for the first-named 
period, the duration of the Pliocene would be 1,300,000 years, ** and of 
the Miocene 1,400,000 years. To estimate the total vertical thickness 
of rock which has been removed from the Alps by denudation is far from 
easy, but I think 14,000 feet would be a liberal allowance, of which about 
one-seventh is assigned to the Ice Age. But during that age, according 
to a curve given by Penck and Bruckner, the temperature was below its 
present amount for rather less than half (0*47) the time. Hence it 
follows that, since the sculpture of the Alps must have begun at least as 
far back as the Miocene period, one-seventh of the work has been done 
by ice in not quite one-fifteenth of the time, or its action must be very 
potent. Such data as are at our command make it probable that a 
Norway glacier at the present day lowers its basin by only about 
80 millimetres in 1,000 years; a Greenland glacier may remove some 
421 millimetres in the same time, while the Vatnajokul in Iceland 
attains to 647 millimetres. If Alpine glaciers had been as effective as the 
last-named, they would not have removed, during their 188,000 years 
of occupation of the Alpine valleys, more than 121.6 metres, or just 
over 397 feet; and as this is not half the amount demanded by the more 
moderate advocates of erosion, we must either ascribe an abnormal 
activity to the vanished Alpine glaciers, or admit that water was much 
more effective as an excavator. 


We must not forget that glaciers cannot have been important 
agents in the sculpture of the Alps during more than part 
of Pleistocene times. That sculpture probably began in the 
Oligocene period; for rather early in the next one the great 
masses of conglomerate, called Nagelfluh, show that pow4bful rivers 
had already carved for themselves valleys corresponding generally 
with and nearly as deep as those still in existence. Temperature 
during much of the Miocene period was not less than 12^ F. above its 
present average. This would place the snow-line at about 12,000 feet.® 


^ I have doubts whether this is not too great. 

4 . 1 , temperature for a rise in altitude as 1® E. for 300 feet or, when 

the differences in the Utter are large, 3° per 1,000 feet. These estimates wiU, I think, 
be sufficiei^ly accurate. The figures given by Harm (see for a discussion of the 
question, Beport^ 1909, p, 93} work out to 1° P. for each 318 feet of 

ascent (up to about 10,000 feet). 
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la that case, if we assume the altitudes unchanged, not a snowfield 
would be left between the Simplon and the Maloja, the glaciers of the 
Pennines would shrivel into insignificance, Monte Bosa would exchange 
its drapery of ice for little more than a tippet of frozen snow. As the 
temperature fell the white robes w^ould steal down the mountain-sides, 
the glaciers grow, the torrents be swollen during all the warmer months, 
and the work of sculpture increase in activity. Yet with a tempera- 
ture even 6^ higher than it now is, as it might well be at the beginning 
of the Pliocene period, the snow-line would be at 10,000 feet; numbers 
of glac^rs would have disappeared, and those around the Jungfrau and 
the Finster Aarhorn would be hardly more important than they now are 
in the Western Oberland. 

But denudation would begin so soon as the ground rose above the sea. 
Water, which cannot run ofi the sand exposed, by the retreating tide 
without engraving a miniature system of valleys, would never leave the 
nascent range intact. The Miocene Alps, even before a patch of snow 
could remain through the summer months, would be carved into glens 
and valleys. Towards the end of that period the Alps were affected by 
a new set of movements, which produced their most marked effects in 
the northern zone from the Inn to the Durance. The Oberland rose to 
greater importance; Mont Blanc attained its primacy; the massif of 
Dauphin^ was probably developed. That, and still more the falling 
temperature, would increase the snowfields, glaciers, and torrents. The 
first would be, in the main, protective ; the second, locally abrasive ; the 
third, for the greater part of their course, erosive. No sooner had the 
drainage system been developed on both sMes of the Alps than the valleys 
on the Italian side (unless we assume a very different distribution of 
rainfall) would work backwards more rapidly than those on the northern. 
Oases of trespass, such as that recorded by the long level trough on 
the north side of the Maloja Kulm and the precipitous descent on the 
southern, would become frequent. In the interglacial episodes — three 
in number, according to Penck and Bruckner, and occupying rather more 
than half the epoch — the snow and ice would dwindle to something like 
its present amount, so that the water vrould resume its work. Thus 
I think it far more probable that the V-like portions of the Alpine 
valleys were in the main excavated during Pliocene ages, their upper 
and more open parts being largely the results of Miocene and yet earlier 
sculpturq. 

During the great advances of the ice, four in number, according 
to Penck and Bruckner, ^ when the Bhone glacier covered the lowlands of 
Vaud and Geneva, welling on one occasion over the gaps in the Jura, 
and leaving its erratics in the neighbourhood of Lyons, it ought to have 

^ On the exact number I have not had the opportunity of forming an opinion. 
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given signs of its erosive no less than of its transporting power. But 
what are the facts? In these lowlands we can see where the ice has 
passed over the Molasse (a Miocene sandstone); but here, instead of 
having crushed, torn, and uprooted the comparatively soft rock, it has 
produced hardly any effect. The huge glacier from the Linth Valley 
crept for not a few miles over a floor of stratified gravels, oif which, some 
eight miles below Zurich, one of its moraines, formed during the last 
retreat, can be seen resting, without having produced more than a 
slight superficial disturbance. We are asked to credit glaciers with 
the erosion of deep valleys and the excavation of great lakes, ^d yet, 
wherever we pass from hypotheses to facts, we find them to have been 
singularly inefficient workmen! 

I have dwelt at considerable, some may think undue, length on the 
Alps because we are sure that this region from before the close of the 
Miocene period has been above the sea-level. It accordingly demon- 
strates what effects ice can produce when working on land. 

In America also, to which I must now make only a passing refer- 
ence, great ice-sheets formerly existed : one occupying the district west 
of the Bocky Mountains,, another spreading from that on the north-west 
of Hudson’s Bay, and a third from the Laurentian hill-country. These 
two became confluent, and their united ice-flow covered the region 
of the Great Lakes, halting near the eastern coast a little south of 
New York, but in Ohio, Indiana, and Illinois occasionally leaving 
moraines only a little north of the 39th parallel of latitude.^ Of these 
relics my first-hand knowledge is very small, but the admirably illus- 
trated reports and other writings of American geologists® indicate that, 
if we make due allowance for the differences in environment, the tills 
and associated deposits on their continent are similar in character to 
those of the Alps.* 

In our own country and in corresponding parts of Northern Europe 
we must take into account the possible co-operation of the sea. In 
these, however, geologists agree that, for at least a portion of the Ice 
Age, glaciers occupied the mountain districts. Here ice-worn rocks, 
moraines and perched blocks, tarns in corries, and perhaps lakelets in 
valleys, demonstrate the former presence of a mantle of snow and ice. 
Glaciers radiated outwards from more than one focus in Ireland, Scot- 
land, the English Lake District, and Wales, and trespassed, at the time 

1 iSome of the glacial diifts on the eastern side of the continent, as shall find, 
may have been deposited in the sea, 

. ® See the Meports of iJie United JStates Geological Swveg (from vol. iii, onwards), 
Jottmalof American Journal of Science^ and local publications too numerous 

to motion, , Among these the studies in Greenland by Professor CJhamberlin are 
especi^y vadnable for the light they throw on the movement of large glaciers and 
the transport of dlbiia in the lower part of the ice. 

* Here, hbwevei;, we cannot always be so sure of the absence of the sea. 
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of their greatest deyelopment, upon the adjacent lowlands. They are 
generally believed to have advanced and retreated more than once, .and 
their movements have been correlated by Professor J. GeiEe with 
those already mentioned in the Alps. Into that very difficult question 
I must not toter; for my present purpose it is enough to say that in 
early Pleisto^ne times glaciers undoubtedly existed in the mountain 
districts of Britain and even formed piedmont ice-sheets on the low- 
lands. On the west side of England smoothed and striated rocks have 
been observed near Liverpool, which can hardly be due to the move- 
ments of shore-ice, and at Little Crosby a considerable surface has been 
cleared^ from the overlying boulder clay by the exertions of the late 
Mr. T. M. Eeade and his son, Mr. A. Lyell Beads. But, so far as 
I am aware, rocks thus affected have not yet been discovered in the 
Wirral peninsula. On the eastern side of England similar markings 
have been found down to the coast of Durham, but a more southern 
extension of land ice cannot be taken for granted. In this direction, 
however, so far as the tidal vaUey of the Thames, and in corresponding 
parts of the central and western lowlands, certain deposits occur which, 
though to a great extent of glacial origin, are in many respects different 
from those left by land ice in the Alpine regions and in Northern 
America. 

They present us with problems the nature of which may be inferred 
from a brief statement of the facts. On the Norfolk coast we 
find the glacial drifts resting, sometimes on the chalk, sometimes on 
strata of very late Pliocene or early Pleistocene age. The latter 
show that in their time the strand-line must have oscillated slightly 
on either side of its present level. The earliest of the glacial 
deposits, called the Cromer Till and Contorted Drift, presents its most 
remarkable development in the cliffs on either side of that town. Here 
it consists of boulder clays and alternating beds of sand and clay; 
the first-named, two or three in number, somewhat limited in extent, 
and rather lenticular in form, are slightly sandy clays, full of pieces 
of chalk, flint, and other kinds of rock, some of the last halving 
travelled from long distances. Yet more remarkable are the huge 
erratics of chalk, in the neighbourhood of which the sands and. clays 
exhibit extraordinary contortions. Lake the beds of till, they have not 
been found very far inland, for there the group appears as a whole to 
be represented by a stony loam, resembling a mixture of the sandy and 
clayey material, and this is restricted to a zone some twenty miles 
wide bordering the coast of Norfolk and Suffolk; not extending 
south of the latter county, but being probably represented to the north 
of the Humber. Above these is a group of false-bedded sands and 
gravels, variable in thickness and character; — ^the Mid-glacial Sands of 
Searles V. Wood and F. W. Harmer. ' They extend over a wider area, 
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and may be traced, according to some geologists, nearly to the wester'ti 
side of England, rising in that direction to a greater height above sea- 
level. But as it is impossible to prove that all isolated patches of 
these materials are identical in age, we can only be certain that some 
of them are older than the next deposit, a boulder clay, wiaicli extends 
over a large part of the lowlands in the Eastern Counties. This has 
a general resemblance to the Cromer Till, but its matrix is rather 
more clayey and is variable in colour. In and north of Yorkshire, 
as well as on the seaward side of the Lincolnshire wolds, it is 
generally brownish or purplish, but on their western side and far as 
the clay goes to the south it is some shade of grey. Near to these 
wolds, in mid-Norfolk and on the northern margin of Suffolk, it has 
a whitish tint, owing to the abundance of comminuted chalk. To the 
south and west of this area it is dark, from the similar presence of 
Kimmeridge clay. Yet further west it assumes an intermediate colour 
by having drawn upon the Oxford clay. This boulder clay, whether 
the chalky or the purple, in which partings of sand sometimes occur, 
must once have covered, according to Mr. F. W. Harmer, an area 
about ten thousand square miles in extent. It spreads like a coverlet 
over the pre-glacial irregularities of the surface. It caps the hills, 
attaining sometimes an elevation of fully 600 feet above sea-level ; ^ 
it fills up valleys,* sometimes partly, sometimes wholly, the original 
floors of w'hich occasionally lie more than 100 feet below the 
same level. This boulder clay, often with an underlying sand or 
gravel, extends to the south as far as the neighbourhood of Muswell Hill 
and Finchley; hence its margin runs westward through Buckingham- 
shire, and then, bending northwards, passes to the west of Coventry. 
On this side of the Pennine Chain the matrix of the boulder clay 
is again reddish, being mainly derived from the sands and marls of 
the Trias; pieces of chalk and flint are rare (no doubt coming from 
Antrim), though other rocks are often plentiful enough. Some autho- 
rities are of opinion that the drift in most parts of Lancashire and 
Cheshire is separable, as on the eastern coasts, into a lower and an 
upper boulder clay, with intervening gravelly sands, but others think 
that the association of the first and third is lenticular rather than 

^ Not far from Royston it is fotuid at a height of 626 feet above O.I). See F* W# 
Harmer, Pleistocene Period in the Eastern Counties^ p. 116. 

® At Old North Road Station, on a tributary of the Cam, the boulder clay was 
pierced to a depth of 180 feet, and at Impington it goes to 60 feet below sea-level. 
Near Hitchin, a hidden valley, traced for seven or eight miles, was proved to a depth of 
6S feet below O.B., and one near Newport in Essex to 104 feet. Depths were also 
found of 120 feet at West Horseheath in Suffolk, of 120 feet on low ground two miles 
S.W. of Sandy in Bedfordshire, of from 100 to 160 feet below the sea at Fossdyke» 
Long Sutton, and Boston, and at Glemsford in the valley oi the Stour 477 feet of drift 
was passed through before reaching the chalk. See E. W. 'Harmer, Quart Jmm, Geol 
6'oc., Ixiii. (1907), p* 494* 
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successive. Here also the lower clay cannot be traced very far inland, 
eastward or southward; the others have a wider extension, but they 
reach a greater elevation above sea-levei than on the eastern side of 
England. 'Jhe sand is inconstant in thickness, being sometimes hardly 
represented, ^sometimes as much as 200 feet. The upper clay runs 
on its more eastern side up to the chalky boulder clay, and extends 
on the south at least into Worcestershire. On the western side it 
merges with the upper menaber of the drifts radiating from the moun- 
tains of North Wales, which often exhibit a similar tripartite division, 
while ^as we learn from the officers of the Geological Survey) boulder 
clays and gravelly sands, which it must suffice to mention, extend from 
the highlands of South Wales for a considerable distance to the south- 
east and south. Boulder clay has not been recognised in Devon or Corn- 
wall, though occasional erratics are found which seem to demand some 
form of ice-transport. A limited deposit, hovrever, of that clay, con- 
taining boulders now and then over a yard in diameter, occurs near 
Selsey Bill on the Sussex coast, which most geologists consider to have 
been formed by floating rather than by land ice. 

Marine shells are not very infrequent in the lower clays of East 
Anglia and Yorkshire, but are commonly broken. The well-known 
Bridlington Crag is the most conspicuous instance, but this is ex- 
plained by many geologists as an erratic — a piece of an ancient North 
Sea bed caught , up and transported, like the other molluscs, by an 
advancing ice-sheet. They also claim a derivative origin for the organic 
contents of the overlying sands and gravels, but some authorities 
consider the majority to be contemporaneous. Near the western coast 
of England, shells in much the same state, of preservation as those on 
the present shore are far from rare in the lower clay, where they are 
associated with numerous striated stones, often closely resembling those 
which have travelled beneath a glacier, both from the Lake District 
and the less distant Trias. Shells are also found in the overlying sands 
up the valleys of the Dee and Severn, at occasional localities, even as 
far inland as Bridgnorth, the heights of the deposits varying from 
about 120 feet to over 500 feet above the sea-level. If we also take 
account of the upper boulder clay, where it can be distinguished, the 
list of marine molluscs, ostracods, and foraminifers from these western 
drifts is a rather long one.^ 

Marine shells, however, on the western side of England, are not 
restricted to the lowlands. Three instances, all occurring over 
1,000 feet above sea-level, claim more than a passing mention. At 
Macclesfield, almost thirty miles In a straight line from the head of the 
estuary of the Mersey,, boulder clays associated with stratified gravels 

^ W. Shone, QmrU Joum* Gtoh jSoo., xxriv. (1878), p. 388. 

1910. G 
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and sands have been described by several observers.^ The clay stops at 
about 1,000 feet, but the sands and gravels go on to nearly 1,300 feet, 
while isolated erratics are found up to about 100 feet higher. Sea shells, 
some of which are in good condition, have been obtained at various eleva- 
tions, the highest being about 1,200 feet above sea-level. About forty- 
eight species of molluscs have been recognised, and the fauna, with a few 
exceptions, more arctic in character and now found at a greater depth, is 
one which at the present day lives in a temperate climate at a depth of a 
few fathoms. 

The shell-bearing gravels at Gloppa, near Oswestry, which are«about 
thirty miles from the head of the Dee estuary, were carefully described 
in 1892 by Mr. A. 0. Nicholson. He has enumerated fully sixty 
species, of which, however, many are rare. As his collection * shows, 
the bivalves are generally broken, but a fair number of the univalves 
are tolerably perfect. The deposit itself consists of alternating seams 
of sand and gravel, the one generally about an inch in thickness, the 
other varying from a few inches to a foot. The difference in the 
amount of rounding shown by the stones is a noteworthy feature. 
They are not seldom striated; some have come from Scotland, others 
from the Lake District, but the majority from Wales, the last being 
the more angular. Here and there a block, sometimes exceeding a 
foot in diameter and usually from the last-named country, has been 
dropped among the smaller material, most of which ranges in diameter 
from half an inch to an inch and a half. The beds in one or two places 
show contortions ; but as a rule, though slightly wavy and with a gentle 
dip rather to the west of south, they are uniformly deposited. In this 
respect, and in the unequal wearing of the materials, the Gloppa 
deposit differs from most gravels that I have seen. Its situation also 
is peculiar. It is on the flattened top of a rocky spur from higher hills, 
which falls rather steeply to the Shropshire lowland on the eastern 
side, ^d on the more western is defined by a small valley which 
enlarges gradually as it descends towards the Severn. If the country 
were gradually depressed for nearly 1,200 feet, this upland would 
become, first a promontory, then an island, and finally a shoal. 

The third instance, on Moel Tryfaen in Carnarvonshire, .was care- 
fully investigated and described by a Committee of this Association ^ 
about ten years ago. The shells occur in an irregularly stratified sand 
and gravel, resting on slate and overlain by a boulder clay, no great 

1 Mmmfs of ihe Oeological Survey, * Country around Macclesfield/ T. I. Pocock 
(1906), p. 85. For some notes on Moel Tryfaen and the altitudes of other localities 
at which nmrine organisms have been found see J. Gwyn Je&eys, Qmrt, Joum, CfeoL 
Boc., xxxvi. (1880), p. 351. For the bconrrence of such remains in the Vale of Clwyd 
see a mper by T. McFL Hughes in Proc. Chester Soc, of Iffai, 1884. 

* How deposited m the Oswestry Museum. 

» Brit* Assoc, M&port, 1899 (1900), pp. 414-493. 
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distance from and a few dozen feet below the rocky summit of the 
hill, being about 1,300 feet above the level of the sea and at least five 
miles from its margin. About fifty-five species of molluscs and twenty- 
three of foraminifers have been identified. According to the late Dr. J. 
Gwyn Jefireys,^ the majority of the molluscs are littoral in habit, the 
rest such as live in from ten to twenty fathoms of water. Most of the 
erratics have been derived from the Welsh mountains, but some rocks 
from Anglesey have also been obtained, and a few pebbles of Lake 
District and Scottish rocks. If the sea were about 1,300 feet above its 
present level, Moel Tryfaen would become a small rocky island, open 
to the storms from the west and north, and nearly a mile and a half 
away from the nearest land. 

I must pass more rapidly over Ireland. The signs of vanished 
glaciers — ice-worn rocks and characteristic boulder-clays — are 
numerous, and may be traced in places down to the sea-level, but the 
principal outflow of the ice, according to some competent observers, 
v/as from a comparatively low district, extending diagonally across the ' 
island from the south of Lough Neagh to north of Galway Bay. 
Glaciers, however, must have first begun to form in the mountains on 
the northern and southern side of this zone, and we should have ex- 
pected that, whatever might happen on the lowlands, they would con- 
tinue to assert themselves. In no other part of the British Islands are 
eskers, which some geologists think were formed when a glacier reached 
the sea, so strikingly developed. Here also an upper and a lower 
boulder clay, the former -being the more sparsely distributed, are often 
divided by a widespread group of sands and gravels, which locally, as 
in Great Britain, contains, sometimes abundantly, shells and other 
marine organisms; more than twenty species of molluscs, with fora- 
minifers, a barnacle, and perforations of annelids, having been 
described. These are found in counties Dublin and Wicklow, at various 
altitudes,® from a little above sea-level to a height of 1,300 feet. 

Not the least perplexing of the glacial phenomena in the British 
Isles is the distribution of erratics, which has been already mentioned 
in passing. On the Norfolk coast masses of chalk, often thousands 
of cubic Jeet in volume, occur in the lowest member of the glacial 
series, with occasional great blocks of sand and gravel, which must 
have once been frozen. Bi;t these, or at any rate the larger of them, 
have no doubt been derived from the immediate neighbourhood. Huge 
erratics also occasionally occur in the upper boulder clay — ^sometimes 
of chalk, as at Eoslyn Hill near Ely and at Eidlington in Eutland, 
of Jurassic limestone, near Great Ponton, to the south of Grantham., 

^ QtmrL Geol. xxxvi. (1880), p. 355. 

* T. M. Beade, Froc, Liverpool QeoL SoCn, 1893-94, p. 183, for some weighty 
arguments in favour of a marine origin for those deposits. 
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and of Lower Kimmeridge clay near Biggleswade.^ These also probably 
have not travelled more than a few miles. But others of smaller size 
have often made much longer journeys. The boulder clays of Eastern 
England are full of pieces of rock, commonly ranging from about half an 
inch to a foot in diameter. Among these are samples of the carboniferous, 
jurassic, and cretaceous rocks of Yorkshire and the adjacent counties; 
the red chalk from either Hunstanton, Speeton, or some part of the 
Lincolnshire wolds, being found as far south as the northern heights of 
London. Even the chalk and flint, the former of which, especially in 
the upper boulder clay, commonly occurs in well-worn pebblq^, are 
frequently not the local but the northern varieties. And with these 
are mingled specimens from yet more distant sources — Cheviot 
porphyrites. South Scottish basalts, even some of the crystalline rocks 
of the Highlands. Whatever was the transporting agent, its general 
direction was southerly, with a slight deflection towards the east in 
the last-named cases. 

But the path of these erratics has been crossed by two streams, 
one coming from the west, the other from the east. On the western 
side of the Pennine watershed the Shap granite rises at Wasdale Crag 
to a height of about 1,600 feet above sea-level. Boulders from it have 
descended the Eden valley to beyond Penrith; they have travelled in 
the opposite direction almost to Lancaster,^ and a large number of'them 
have actually made their way near the line of the Lake District water- 
shed, across the upper valley of the Eden, and over the high pass 
of Stainmoor Forest,* whence they descended into Upper Teesdale. 
Subsequently the stream seems to have bifurcated, one part passing 
straight out to the present sea-bed, by way of the lower course of the 
Tees, to be afterwards driven back on to the Yorkshire coast. The 
other part crossed the low watershed between the Tees and the Ouse, 
descended the Vale of York, and spread widely over the plain. Shap 
boulders by some means penetrated into the valleys tributary to the Ouse 
on its west bank, and they have been observed as far to the south-east 
as Eoyston, near Barnsley. It is noteworthy that Lake District rocks 
have been occasionally recorded from Airedale and even the neighbour- 
hood of Colne, though the granite from Shap has not been found there. 
The other stream started from Scandinavia. Erratics, some of which 
must have come from the north-western side of the Christiania Fjord, 
occur on or near the coast from Essex to Yorkshire, and occasionally 

^ H. Home, Quart Jmm, Geot Soc., lix. (1903), p. 375. 

2 A pebHe of it is said to have been identified at Moel Tryfaen. 

® The lowest part of the gap is about 1,400 feet, A little to the south is another 
gap about 200 feet lower, but none of the boulders seem to have taken that route. 

A boTdder was even found above Grosmont in the 3Sske valley, 345 feet above 
sea-level. 
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even as far north as Aberdetn, while they have been traced from the 
East Anglian coast to near Ware, Plitchin, and Bedford.^ It may be 
important to notice that these Scandinavian erratics are often waterworn, 
hke those (^spersed over Denmark and parts of Northern Germany. 

On the yrestern side of England the course of erratics is not less 
remarkable. Boulders from South-Western Scotland, especially from the 
Kirkcudbright district, both waterworn and angular, are scattered over 
the lowlands as far south as Wolverhampton, Bridgnorth, and Church 
Stretton. They may be traced along the border of North Wales, 
occurmng, as has been said, though generally small, up to about 1,300 
feet on Moel Tryfaen, 1,100 feet at Gloppa, and more than that height 
on the hills east of Macclesfield. Boulders from the Lake District are 
scattered over much the same area and attain the same elevation, but 
extend, as might be expected, rather further to the east in Lancashire. 
They also have been found on the eastern side of the Pennine watershed, 
perhaps the most remarkable instances being in the dales of the Derby- 
shire Derwent and on the adjacent hills as much as 1,400 feet above 
the sea-level.® A third remarkable stream of erratics from the neigh- 
bourhood of the Arenig mountains extends from near the estuary of 
the Dee right across the paths of the two streams from the north, its 
eastern border passing near Eugeley, Birmingham, and Bromsgrove. 
They also range high, occurring almost 900 feet above sea-level on 
Eomsley Hill, north of the Olents, and being common at Gloppa. 
Boulders also from the basalt mass of Eowley Eegis have travelled in 
some cases between four and five miles, and in directions ranging from 
rather west of south to north-east; and, though that mass hardly rises 
above the 700-feet contour line, one lies with an Arenig boulder on 
Eomsley Hill. From Gharnwood Forest, the crags of which range up 
to about 850 feet above sea-level, boulders have started which have been 
traced over an area to the south and west to a distance of more than 
twenty miles. 

Such, then, are the facts, which call for an interpretation. More 
than one have been proposed ; but it will be well, before discussing them, 
to arrive at some idea of the climate of these islands during the colder 
part of the Glacial Epoch. Unless that were associated with very great 
changes in the distribution of sea and land in Northern and North- 
Western Europe, w^e may assume that neither the relative position of 
the isotherms nor the distribution of precipitation would be very 
materially altered. A general fall of temperature in the northern 
hemisphere might so weaken the warmer ocean current from the south- 
west that our coasts might be approached by a cold one from the 
• * ^ 

^ E. H. Eastall and J, Eomanes, Qmrt, Jmrn, Oeol, Soc., Ixv. (1909), p. 246. 

^ Communication from Dr. H. Amold-Bemrose. 
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opposite direction/ But though these changes might diminish the 
difference between the temperatures of London and Leipzig, they would 
not make the former colder than the latter. At the present day the 
snow-line in the Alps on either side of the Upper Ehone V/illey is not 
far from 8,000 feet above sea-level, and this corresponds ;with a tem- 
perature of about 30*^. Glaciers, however, are not generally formed 
till about 1,000 feet higher, where the temperature is approximately 
27®. Penck and Bruckner place this line during the coldest part of the 
Ice Age at about 4,000 feet/ In that case the temperature of the Swiss 
lowland would be some 15® lower than now, or near the freezing-point.® 
If this fall were general, it would bring back the small glaciers on the 
Gran Sasso d ’Italia and Monte Eotondo in Corsica; perhaps also among 
the higher parts of the Vosges and Schwarzwald.* In our own coimtry it 
would give a temperature of about 35® at Carnarvon and 23® on the top 
of Snowdon, of 32® at Port William and 17®.6 on the top of Ben Nevis. 
If, in addition to this, the land were 600 feet higher than now (as it 
probably was, at any rate in the beginning of the Glacial Epoch), there 
would be a further drop of 2®, so that glaciers would form in the corries 
of Snowdon, and the region round Ben Nevis might resemble the 
Oetzthal Alps at the present day. This change of itself would be in- 
sufficient, and any larger drop in the ocean-level would have to be con- 
tinental in its effects, since we cannot assume a local upheaval of much 
more than the above amount without seriously interfering with the 
river system of North Central Europe. But these changes, especially 
the former, might indirectly diminish the abnormal warmth of winter 
on pur north-western coasts.® It is difficult to estimate the effect of 
this. If it did no more than place Carnarvon on the isotherm 
of Berlin (now lower by 2®), that would hardly bring a glacier 
‘from the Snowdonian region down to the sea. At the present time 
London is about 18® warmer than a place in the same latitude near the 
Labrador coast or the mouth of the Amur Eiver, but the removal of that 
difference would involve greater changes in the distribution of sea and 
land than seems possible at an epoch comparatively speaking so recent. 

^ Eaots relating to this subject will be found in Gliinate, and, Tifm^ by J. Croll, 
ch. h. and iii. (1875). Of course the air currents would also be affected, and perhaps 
diminish precipitation as the latitude increased. 

2 Doc. p. 586, ei seq. They say the snow-line, which would mean that the 
temperature was only 12® lower than now ; hut as possibly this line might then more 
nearly correspond with that of glacier formation, I wiH provisionally accept the higher 
figures, especially since Corsica, the Apennines, and some other localities in Europe, 
seem to require a reduction of rather more than 12°. 

® It would he 32°.5 at Zurich, 31®,6 at Bern, 34°.l at Geneva, about 39®.0 on the 
plain of Piedmont, and 36°. at Lyons. 

^ See for particulars the author’s Zee Worh {‘ International Scientific Series ’), p. 237. 

® For much v^uable information on these questions s§e a paper on the Climate of 
the Plristcxm© Epoch (F. W. Harmer, Qmri. Jmm. OeoL Soc,, Ivii. (1901), p. 405). 
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T am doubtful whether we can attribute to changed currents a reduction 
in British temperatures of so much as but, if we did, this would 
amount to 28^ from all causes, and give a temperature of 20® to 22® 
at sea-level in England during the coldest part of the Glacial Epoch. ^ 
That is now found, roughly speaking, in Spitsbergen, which, since its 
mountains rise to much the same height, should give us a general idea 
of the condition of Britain in the olden time. 

What would then be the state of Scandinavia? Its present tempera- 
ture ranges on the west coast from about 45® in the south to 35® in 
the »orth.^ But this region must now be very much, possibly 
1,800 feet, lower than it was in pre-glacial, perhaps also in part of 
glacial, times.® If we added 5® for this to the original 15®, and 
allowed so much as 18® for the diversion of the warm current, the 
temperature of Scandinavia would range from 7® to — 3®, approximately 
that of Greenland northwards from Upemivik. But since the differ- 
ence at the present day between Cape Farewell and Christiania (the 
one in an abnormally cold region, the other in one correspondingly 
warm) is only 7®, that allowance seems much too large, while without 
it Scandinavia would correspond in temperature with some part of that 
country from south of Upemivik to north of Frederikshaab.^ But if 
Christiania were not colder than Jakobshavn is now, or Britain than 
Spitsbergen, we are precluded from comparisons with the coasts of 
Baffin Bay or Yictoria Land. 

Thus the ice-sheet from Scandinavia would probably be much greater 
than those generated in Britain. It would, however, find an obstacle to 
progress westwards, which cannot be ignored. If the bed of the North 
Sea became dry land, owing to a general rise of 600 feet, that would 
still be separated from Norway by a deep channel, extending from the 
Christiania Fjord round the coast northward. Even then this would 
be everywhere more than another 600 feet deep, and almost as wide 
as the Strait of Lover.® The ice must cross this and afterwards be 
forced for more than 300 miles up a slope, which, though gentle, would 
be in vertical height at least 600 feet. The task, if accomplished by 

^ The present temperature in Ireland over the zone (from S. of Belfa^ to N. 
of Galway Bay) which is supposed to have formed the divide of the central raowfield 
may be jriven as from 49® to 50®, nearly the same as at the sea-level in Carnarvon- 
shire. Thus, though the district is less mountainous than Wales, it would not ne^ 
a greater reduction, for the snowfall would probably be rather larger. But this 
reductaon could hardly he less than 20®, for the glaciers would have to form nearly at the 
present sea-level, 

a It is 44®.42 at Bergen, 38®.48 at Bodo, 35®.42 at Hammerfest, 41®. 36 at Chris- 
Mania and Stockholm. 

For parfcicukus see QeoL 1899, p. 97 (W. H. Hudleston) and p. 282 (T. G. 
Bonney). , 

^ Christiania and Cape Farewell (Greenland) are nearly on the same latitude. 

® For details see Geol, Mag,^ 1899, pp. 97 and 282. 
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thrust from behind, would be a heavy one, and, so far as I know, 
without a parallel at the present day; if the viscosity of the ice enabled 
it to flow, as has lately been urged,^ we must be cautious in appealing 
to the great Antarctic barrier, because we now learn that more than 
half of it is only consolidated snow.® Moreover, if the^ ice floated 
across that channel, the thickness of the boulder-bearing layers would 
be diminished by melting (as in Boss’s Barrier), and the more viscous 
the material the greater the tendency for these to be left behind by 
the overflow of the cleaner upper layers. If, however, the whole region 
became dry land, the Scandinavian glaciers would descend into a 
broad valley, considerably more than 1,200 feet deep, w^hich would 
afford them an easy path to the Arctic Ocean, so that only a lateral 
overflow, inconsiderable in volume, could spread itself over the western 
plateau.® An attempt to escape this difficulty has been made by 
assuming the existence of an independent centre of distribution for ice 
and boulders near the middle of the North Sea bod^ (which would 
demand rather exceptional conditions of temperature and precipitation) ; 
but in such case either the Scandinavian ice would be fended off from 
England, or the boulders, prior to its advance, must have been dropped 
by floating ice on the neighbouring sea-floor. 

If, then, our own country were but little better than Spitsbergen as 
a producer of ice, and Scandinavia only surpassed Southern Greenland 
in having a rather heavier snowfall, what interpretation may we give 
to the glacial phenomena of Britain? Three have been proposed. One 
asserts that throughout the Glacial Epoch the British Isles generally 
stood at a higher level, so that the ice which almost buried them 
flowed out on to the beds of the North and Irish Seas. The boulder 
clays represent its moraines. The stratified sands and gravels were 
deposited in lakes formed by the rivers which were dammed up by ice- 
sheets.® A second interpretation recognises the presence of glaciers in 
the mountain regions, but maintains that the land, at the outset rather 
above its present level, gradually sank beneath the sea, till the depth 
of water over the eastern coast of England was fully 600 feet, and 

1 H. M. Deeley, Geol. Mag., 1909, p. 239. 

® E. Shaekleton, The Heart oj the Antarctic, ii. 277. 

® It lias indeed been affirmed (Brogger, Om de senglaciale og poatglaciale nivaforand^ 
ringer i Kristianiafelted, p. 682) that at the time of the great ice-sheet of Europe the 
sea-bottom must have been uplifted at least 8,500 feet higher than at present. This 
may be a ready explanation of the occurrence of certain dead shells in deep water, 
but, unless extremely local, it would revolutionise the drainage system of Central 
Europe. 

^ Gedt. Mag., 1901, pp. 142, 187, 284, 332. 

® See Warren Upham, Momgr. XJ.8. Geol. Surveg, xxv. (1896). This explana- 
tion commends itself to the majority of British geologists as an explanation of the 
noted parallel roads of Olenroy, but it is premature to gpeak of it as * conclusively 
shown; (Qmrt. Jowm. Geol Soc., Ivin. (1902), 473) until ^ fnndament^l difficulty 
wmnh it presents been discussed ^nd Temovedf ^ 
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over the western nearly 1,400 feet, from which depression it slowly 
recovered. By any such submergence Great Britain and Ireland would 
be broken up into a cluster of hilly islands, between which the tide 
from an extended Atlantic would sweep eastwards twice a day, its 
currents running strong through the narrow^er sounds, while move- 
ments in the reverse direction at the ebb would be much less vigorous. 
The third interpretation, in some respects intermediate, was first ad- 
vanced by the late Professor Carvill Lewis, who held that the peculiar 
boulder clays and associated sands (such as those of East Anglia), which, 
as was then thought, were not found more than about 450 feet above 
the present sea-level, had been deposited in a great fresh-water lake, 
held up by the ice-sheets already mentioned and by an isthmus, which 
at that time occupied the place of the Strait of Dover. Thus, these 
deposits, though indirectly due to land-ice, were actually fluviatile or 
lacustrine. But this interpretation need not detain us, though the 
former existence of such lakes is still maintained, on a small scale in 
Britain, on a much larger one in North America, because, as was 
pointed out when it was first advanced, it fails to explain the numerous 
erratic blocks and shell-bearing sands %vhioh occur far above the margin 
of the hypothetical lake. 

Each of the other two hypotheses involves grave difficulties. That 
of great confluent ice-sheets creeping over the British lowlands 
demands, as has been intimated, climatal conditions which are scarcely 
possible, and makes it hard to explain the sands and gravels, sometimes 
with regular alternate bedding, but more generally indicative of strong 
current action, which, occur at various elevations to over 1,300 feet 
above sea-level, and seem too widespread to have been formed either 
beneath an ice-sheet or in lakes held up by one; for the latter, if 
of any size, would speedily check the velocity of influent streams. 
Also the mixture and crossing of boulders, which I have described, 
are inexplicable without the most extraordinary oscillations in the size 
of the contributing glaciers. To suppose that the Scandinavian ice 
reached to Bedfordshire and Herts and then retired in favour of North 
British glaciers, or vice versd, assumes an amount of variation which, 
so far as I am aware, is without a parallel elsewhere. So also the mix- 
ture of boulders from South Scotland, the Lake District, and North 
Wales which lie, especially in parts of Staffordshire and Shropshire, 
as if dropped upon the surface, far exceeds what may reasonably be 
attributed to variations amplified by lateral spreading of mountain 
glaciers on reaching a lowland, while the frequent presence of shells in 
the drifts, dozens of miles away from the present coast, implies a rather 
improbable scooping up of the sea-bed without much injury to such 
fragile objects. The ice also must have been curiously inconstant in 
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its operations. It is supposed in one place to have glided gently 
over its bed, in another to have gripped and torn out huge masses of 
rock.^ Both actions may be possible in a mountain region, but it is 
very difficult to understand how they could occur in a lowland or plain. 
Besides this we can only account for some singular aberrations of 
boulders, such as Shap granite well above Grosmont in Bskdale, or the 
Scandinavian rhomb-porphyry above Lockwood,* near Huddersfield, by 
assuming a flexibility in the lobes of an ice-sheet which it is hard to 
match at the present time. Again, the boulder clay of the Eastern 
Counties is crowded, as we have described, with pebbles of chalk, <whioh 
generally are not of local origin, but have come from north of the Wash. 
Whether from the bed of a river or from a sea-beach, they are certainly 
water-worn. But if preglacial, the supply would be quickly exhausted, 
so that they would usually be confined to the lower part of the clay. 
As it is, though perhaps they run larger here, they abound throughout. 
The so-called moraines near York (supposed to have been left by a 
glacier retreating up that vale), those in the neighbourhood of Flam- 
borough Head and of Sheringham (regarded as relics of the North Sea 
. ice-sheet) do not, in my opinion, show any important difference in out- 
line* from ordinary hills of sands and gravels, and their materials are 
wholly unlike those of any indubitable moraines that I have either seen 
or studied in photographs. It may be said that the British glaciers 
passed over very different rocks from the Alpine ; but the Swiss molasse 
ought to have supplied abundant sand, and the older interglacial gravels 
quantities of pebbles ; yet the differences between the morainic materials 
on the flank of the Jura or near the town of Geneva and those close to 
the foot of the Alps are varietal rather than specific. 

Some authorities, however, attribute such magnitude to the ice- 
sheets radiating from Scandinavia that they depict them, at the time 
of maximum extension, as not only traversing the North Sea bed and 
trespassing upon the coast of England, but also radiating southward to 
overwhelm Denmark and Holland, to invade Northern Germany and 
Poland, to obliterate Hanover, Berlin, and Warsaw, and to stop but 
little short of Dresden and Cracow, while burying Eussia on the east to 
within no great distance of the Volga and on the south to the neighbour- 
hood of Kief. Their presence, however, so far as I can ascertain, is in- 
ferred from evidence * very similar to that which we have discussed in the 

^ That this has occurred at Cromer is a very dubious hypothesis (see Qeol, Mag,, 
1905, pp. 397, 524). The curious relations of the drift and chalk in the islands of 
Moen and Eiigen are sometimes supposed to prove the same action. Knowing both 
well, I have no hesitation in saying that the chalk there is,*as a rule, as much in situ 
as it is in the Isle of Wight. 

2 About half-way across England and 810 feet above sea-level. P, P. Kendall, 
Qm&i, Jowm. 0eot See,, Iviii. (1902), p. 498. * 

® A valuable sttmmary of it is given in Th& Great Ice Age, J. Geikie, ch. xxix., xxx. 
(1894). 
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British lowlands. That Scandinavia was at one time almost wholly buried 
beneath snow and ice is indubitable ; it is equally so that at the outset 
the land stood above its present level, and that during the later stages of 
the Glacial^ Epoch parts, at any rate of Southern Norway, had sunk 
down to a inaximum depth of 800 feet. In Germany, however, erratics 
are scattered over its plain and stranded on the slopes of the Harz and 
Eiesengebirge up to about 1,400 feet above sea-level. The glacial drifts 
of the lowlands sometimes contain dislodged masses of neighbouring 
rocks like those at Cromer, and we read of other indications of ice 
aotioit. I must, however, observe that since the glacial deposits of Moen, 
Warnemunde, and Eiigen often present not only close resemblances to 
those of our Eastern Counties but also very similar difficulties, it is not 
permissible to quote the one in support of the other, seeing that the origin 
of each is equally dubious. Given a sufficient ‘ head ’ of ice in northern 
regions, it might be possible to transfer the remains of organisms from 
the bed of the Irish Sea to Moel Tryfaen, Macclesfield, and Gloppa; 
but at the last-named, if not at the others, we must assume the existence 
of steadily alternating currents in the lakes in order to explain the 
corresponding bedding of the deposit. This, however, is not the only 
difficulty. The ‘ Irish Sea glacier ’ is supposed to have been com- 
posed of streams from Ireland, South-West Scotland, and the Lake 
District, of which the second furnished the dominant contingent; the 
first-named not producing any direct effect on the western coast of 
Great Britain, and the third being made to feel its inferiority and 
* shouldered in upon the mainland.’ But even if this ever happened, 
ought not the Welsh ice to have joined issue with the invaders 
a good many miles to the north of its own coast? ^ Welsh boulders 
at any rate are common near the summit of Moel Tryfaen, and I 
have no hesitation in saying that the pebbles of riebeckite-rock, far 
from rare in its drifts, come from Mynydd Mawr, hardly half a league 
to the E.S.E., and not from Ailsa Craig.® 

As such frequent appeal is made to the superior volume of the ice- 
sheet which poured from the Northern Hills over the bed of the Irish 
Sea, I will compare in more detail the ice-producing capacities of the 

^ From Moel Tryfaen to the nearest point of Scotland is well over a hundred 
miles, and it is a few less than this distance from Gloppa to the Lake District. In 
order to allow the Irish Sea ice-sheet to reach the top of Moel Tryfaen the glacier 
productive power of Snowdonia has been miniimsed (Wright, Man arid the, Glacial 
Epoch, pp. 171, 172). But the difference between that and the Arenig region is not 
great enough to make the one incompetent to protect its own borderland while the 
other could send an ice-sheet which could almost cover the Clent Hills and reach the 
neighbourhood of Birmingham. Anglesey also, if we suppose a slight elevation and a 
temperature of 29® at the sea-level, would become a centre of ice-distribution and an 
advance guard to North Wales. 

^ The boulders of picrite near Perth Nobla, from Ilanerchymedd, though they 
have traveled southward, have moved away much to the west. 
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several districts. The present temperature of West-Central Scotland 
may be taken as 47^; its surface as averaging about 2,500 feet, rising 
occasionally to nearly 4,000 feet above sea-level. In the western part 
of the Southern Uplands the temperature is a degree higher, and the 
average for altitude at most not above 1,500 feet. In th^ Lake Dis- 
trict and the Northern Pennines the temperature is increased by another 
degree, and the heights are, for the one 1,800 feet with a maximum of 
3,162 feet, for the other 1,200 feet and 2,892 feet. In North Wales 
the temperature is 50^, the average height perhaps 2,000 feet, and the 
culminating point 3,571 feet. For the purpose of comparing th® ice- 
producing powers of these districts we may bring them to one tempera- 
ture by adding 300 feet to the height for each degree below that of the 
Welsh region. This would raise the average elevation of Central and 
Southern Scotland to 3,400 feet and 2,100 feet respectively ; for the Lake 
District and Northern Pennines to 2,100 feet and 1,500 feet. We may 
picture to ourselves what this would mean, if the snow-line were at the 
sea-level in North Wales, by imagining 8,000 feet added to its height 
and comparing it with the Alps. North Wales would then resemble a 
part of that chain which had an average height of about 10,000 feet 
above sea-level, and culminated in a peak of 11,571 feet; the Lake Dis- 
trict would hardly differ from it ; the Northern Pennines would be like a 
range of about 9,000 feet, its highest peak being 11,192 feet. Southern 
Scotland would be much the same in average height as the first and 
second, and would rise, though rarely, to above 11,000 feet; the average 
in Central Scotland would be about 11,400 feet, and the maximum about 
13,000 feet. Thus, North Wales, the Lake District, and the Southern 
Uplands would differ little in ice-productive power; while Central 
Scotland would distinctly exceed them, but not more than the group 
around the Finsteraarhorn does that giving birth to the Ehone glacier. 
In one respect, however, ail these districts would differ from the Alps — 
that, at 8,000 feet, the surface, instead of being furrowed with valleys, 
small and great, would be a gently shelving plateau, which would favour 
the formation of piedmont glaciers. Still, unless we assume the present 
distribution of rainfall to be completely altered (for which I do not know 
any reason), the relative magnitudes of the ice coming from these centres 
(whether separate glaciers or confluent sheets) could differ but little. 
Scottish ice would not appreciably ‘ shoulder inland ' that from the Lake 
District, nor would the Welsh ice be imprisoned within its own valleys. 

During the last few years, however, the lake-hypothesis of Carvill 
Lewis has been revived under a rather different form by some English 
advocates of land-ice. For instance, the former presence of ice- 
dammed lakes is supposed to be indicated in the upper parts of the 
Cleveland Hills by certain overflow channels. I may be allowed to 
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observe that, thougli this view is the outcome of much acute observa- 
tion and reasoning,^ it is wholly dependent upon the ice-barriers 
already mentioned, and that if they dissolve before the dry light of 
sceptical criticism, the lakes will ‘ leave not a rack behind. ' I must 
also confess that to my eyes the so-called ‘ overflow channels ’ much 
more closely resemble the remnants of ancient valley-systems, formed 
by only moderately rapid rivers, which have been isolated by the tres- 
pass of younger and more energetic streams, and they suggest that the 
main features of this picturesque upland were developed before rather 
than ?ifter the beginning of the Glacial Epoch. I think that even ‘ Lake 
Pickering,* though it has become an accepted fact with several 
geologists of high repute, can be more simply explained as a two- 
branched ‘ valley of strike, * formed on the KimmericTge clay, the 
eastern arm of which v/as beheaded, even in preglacial times, by the 
sea.* As to Lake Oxford,* I must confess myself still more sceptical. 
Some changes no doubt have occurred in later glacial and postglacial 
times; valleys have been here raised by deposit, there deepened some- 
times by as much as 100 feet; the courses of lowland rivers may 
occasionally have been altered ; but I doubt whether, since those times 
began, either ice-sheet or lake has ever concealed the site of that 
University city. 

The submergence hypothesis assumes that, at the beginning of the 
Glacial Epoch, our islands stood rather above their present level, and 
during that period gradually subsided, on the west to a greater extent 
than on the east, till at last the movement was reversed, and they re- 
turned nearly to their former position. During most of this time glaciers 
came down to the sea from the more mountainous islands, and in winter 
an ice-foot formed upon the shore. This, on becoming detached, carried 
away boulders, beach pebbles, and finer detritus. Great quantities of 
the last also were swept by swollen streams. into the estuaries and 
spread over the sea-bed by coast currents, settling down especially in 
the quiet depths of submerged valleys. Shore-ice in Arctic regions, as 
Colonel H. W. Feilden^ has described, can striate stones and even the 
rock beneath it, and is able, on a subsiding area, gradually to push 
boulders up to a higher level. In fact the state of the British region 
in those ages would not have been unlike that still existing near the 
coasts of the Barents and Kara Seas. Over the submerged region 
southward, and in some cases more or less eastward, currents would 

^ P. F. Kendall, Quart Journ, Geol. Soc., Iviii. (1902), 471. 

2 See for instance the courses of the Medway and the Beult over the Weald clay 
(0. Le Neve Foster and W. Topley, Quart Journ, Geol Soc., xxi. (1865), p. 443). 

® F. W. Harder, Quart Journ. Geol. 8oc.j bdii. (1907), p. 470. 

^ Quart. Journ. Geol Sot., xsxiv. (1878), p. 656, 
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be prevalent; though changes of wind^ would often affect the drift 
of the floating ice-rafts. But though the submergence hypothesis is 
obviously free from the serious difficulties which have been indicated 
in discussing the other one, gives a simple explanation of the presence 
of marine organisms, and accords with what can be proved to have 
occurred in Norway, Waigatz Island, Novaia Zemlya, on the Lower 
St. Lawrence, in Grinnell Land, and elsewhere,"* it undoubtedly in- 
volves others. One of them — ^the absence of shore terraces, caves, or 
other sea marks — ^is perhaps hardly so grave as it is often thought 
to be. It may be met by the remark that unless the Glaci^ Age 
lasted for a very long time and the movements were interrupted by 
well-marked pauses, we could not expect to find any such record. In 
regard also to another objection, the rather rare and sporadic occur- 
rence of marine shells, the answer would be that, on the Norway coast, 
where the ice-worn rock has certainly been submerged, sea-shells are 
far from common and occur sporadically in the raised deltaic deposits 
of the fjords.® An advocate of this view might also complain, not 
without justice, that, if he cited an inland terrace, it was promptly dis- 
missed as the product of an ice-dammed lake, and his frequent instances 
of marine shells in stratified drifts were declared to have been trans- 
ported from the sea by the lobe of an ice-sheet; even if they have 
been carried across the path of the Arenig ice, more than forty miles, 
as the crow flies, from the Irish Sea up the Valley of the Severn, or 
forced some 1,300 feet up Moel Tryfaen."® The difficulty in the latter 
case, he would observe, is not met by saying the ice-sheet would be 
able to climb that hill ‘ given there were a sufficient head behind 
it. * ^ That ice ^can be driven uphill has long been known, but the 
existence of the * sufficient head ’ must be demonstrated, not assumed. 
There may be " no logical halting-place between an uplift of ten or 
twenty feet to surmount a rocJie moutonnde and an equally gradual 

\ See P- 25, and for the currents now dominant consult Dr. H. Bassett in Professor 
Herdman's Report on the Lancashire Sea Fisheries, Trans. Biol Soc. Liverpool xxiv. 
(1910), p. 123. 

® See ice WorTc, p. 221, and <3leol Mag., 1900, p. 289. 

® If, as s^ms probable, the temperature was changing rather rapidly the old 
fauna would be pauperised and the new one make its way but slowly into the British 
fjoxdys. 

^ CJntms of the submergence hypothesis seem to find a difficulty in admitting 
doTOW;^ and upward movements, amounting sometimes to nearly 1,400 feet 
Pleistocene Ages ; but in the northern part of America the upheaval, at any 
rate, has amomted to about 1,000 feet, while on the western coast, beneath the 
lofty surnnut of hfcunt St. Elias, marine shells of existing species have been obtained 
some 5,0w feet above sea-level. It is also admitted that in several places the pre- 
gla«^ surface of the land was much above its present level. On the Bed River, 
wha^vw^^he ©splanation, foraminifers, radiolarians, and sponge spicules have been 
SMsES>ut sea-level, and near Victoria, on the Saskatchewan, even up 

® P. F. BC^daU in WrighVs Man and the Glacial Period, p. 171, 
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elevation to the height of Moel Tryfaen,’ yet there is a common-sense 
limitation, even to a destructive sorites. The argument, in fact, is 
more specious than valid, till we are told approximately how thick 
the northern ice must be to produce the requisite pressure, and whether 
such an accumulation would be possible. The advocates of land-ice 
admit that, Sefore it had covered more than a few leagues on its south- 
ward journey its thickness was less than 2,000 feet, and we are not 
entitled, as I have endeavoured to show, to pile up ice indefinitely 
on either our British highlands or the adjacent sea-bed. The same 
reason also forbids us largely to augment the thickness of the latter 
by the snowfall on its surface, as happens to the Antarctic barrier-ice. 
Even if the thickness of the ice-cap over the Dumfries and Kirkcudbright 
hills had been about 2,500 feet, that, with every allowance for viscosity, 
would hardly give us a head sufficient to force a layer of ice from the 
level of the sea-bed to a height of nearly 1,400 feet above it and at 
a distance of more than 100 miles. 

Neither can we obtain much support from the instance in Spits- 
bergen, described by Professors Garwood and Gregory, where the Ivory 
Glacier, after crossing the bed of a valley, had transported marine 
shells and drift from the floor (little above sea-level) to a height of about 
400 feet on the opposite slope. Here the valley was narrow, and the 
glacier had descended from an inland ice-reservoir, much of which was 
at least 2,800 feet above the sea, and rose occasionally more than a 
thousand feet higher.^ 

But other difficulties are far more grave. The thickness of the 
chalky boulder clay alone, as has been stated, not infrequently exceeds 
100 feet, and, though often much less, may have been reduced by denuda- 
tion. This is an enormous amount to have been transported and distributed 
by floating ice. . The materials also are not much more easily accounted 
for by this than by the other hypothesis. A continuous supply of weU- 
worn chalk pebbles might indeed be kept up from a gradually rising 
or sinking beach, but it is difficult to see how, until the land had sub- 
sided for at least 200 feet, the chalky boulder clay could be deposited 
in some of the East Anglian valleys or on the Leicestershire hiUs. That 
depression, however, would seriously diminish the area of exposed 
chalk in Lincolnshire and Yorkshire, and the double of it would almost 
drown that rock. Again, the Bast Anglian boulder clay, as we have 
said, frequently abounds in fragments and finer detritus from the 
Kimmeridge and Oxford clays. But a large part of their oulhrop would 
disappear before the former submergence was completed: Yet the 
materials of the boulder clay, though changing as it is traced across 
the country, more espepially from east to west, seem to vary little in a 

^ Journ, Ged, See., liv. (1898), p. 205. Earlier observations of some 

upthr^t of mateiialH by a Racier are noted on p. 219. 
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vertical direction. The instances, also, of the transportation of boulders 
and smaller stones to higher levels, sometimes large in amount, as in 
the transference of ‘ brockram ' from outcrops near the bed of the Eden 
valley to the level of Stainmoor Gap, seem to be too numerous to be 
readily explained by the uplifting action of shore-ice in ^ subsiding 
area. Such a process is possible, but I should anticipate it would 
be rather exceptional. 

Submergence also readily accounts for the above-named sands and 
grSbvels, but not quite so easily for their occurrence at such very different 
levels. On the eastern side of England gravelly sands may be 
found beneath the chalky boulder clay from well below sea-level to three 
or four hundred feet above it. Again, since, on the submergence hypo- 
thesis, the lower boulder clay about the estuaries of the Dee and the 
Mersey must represent a deposit from piedmont ice in a shallow sea, 
the mid-glacial sand (sometimes not very clearly marked in this part) 
ought not to be more than forty or fifty feet above the present Ordnance 
datum. But at Manchester it reaches over 200 feet, while near Hey- 
wood it is at least 425 feet. In other words the sands and gravels, 
presumably (often certainly) mid-glacial, mantle, like the upper boulder 
clay, over great irregularities of the surface, and are sometimes found, 
as already stated, up to more than 1,200 feet. Either of these deposits 
may have followed the sea-line upwards or downwards, but that expla- 
nation would almost compel us to suppose that the sand was deposited 
during the submergence and the upper clay during the emergence ; so 
that, with the former material, the higher in position is the newer in 
time, and with the latter the reverse. We must not, however, forget 
that in the island of Eugen we find more than one example of a strati- 
fied gravelly sand between two beds of boulder clay (containing Scandi- 
navian erratics) which present some resemblance to the boulder clays of 
eastern England, while certain glacial deposits at Warnerniinde, on the 
Baltic coast, sometimes remind us of the Contorted Drift of Norfolk. 

Towards the close of the Glacial Epoch the deposition of the boulder 
clay ceased^ and its denudation began. On the low plateaux of the 
Eastern Counties it is often succeeded by coarse gravels, largely com- 
posed of fiint, more or less water-worn. These occasionally include small 
intercalations of boulder clay, have evidently been derived from it, and 
indicate movement by fairly strong currents. Similar gravels are found 
overlying the boulder clay in other parts of England, sometimes at 
greater heights above sea-level. Occasionally the two are intimately 
related^ For instance, a pit on the broad, almost level, top of the 
Gogmagog Hills, about 200 feet above sea-level and four miles south 
of Cambridge, shows a current-bedded sand aivi„ gravel, overlain by a 

1 deposit a distinctly glacial origin (such as those near Hessle in 

Yorkshire) conlmued in the northern dis&icts, but on these we need not linger* 
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boUld^r blay-, obviously rearranged; while other pits ill the immediate 
neighbourhood expose varieties and mixtures of one or the other 
material. But, as true boulder clay occurs in the valley below, these 
gravels must have been deposited, and that by rather strong currents, 
on a hill-to^ — a thing which seems impossible under anything like the 
existing conditions ; and, even if the lowland were buried beneath ice full 
200 feet in thickness, which made the hill-top into the bed of a lake, it is 
difficult to understand how the waters of that could be in rapid motion. 
Eearranged boulder clays also occur on the slopes of valleys ' which may 
be explained, with perhaps some of the curious sections near Sudbury, 
by the slipping of materials from a higher position. But at Old 
Oswestry gravels with indications of ice action are found at the foot of 
the hills almost 700 feet below those of Gloppa. 

Often the plateau gravels are followed at a lower level by terrace 
gravels,® which descend towards the existing rivers, and suggest that 
valleys have been sometimes deepened, sometimes only re-excavated. 
The latter gravels are obviously deposited by rivers larger and stronger 
than those which now wind their way seawards, but it is difficult to ex- 
plain the former gravels by any fluviatile action, whether the water from 
a meltmg ice-sheet ran over the land or into a lake, held up by some tem- 
porary barrier. But the sorting action of currents in a slowly shallow- 
ing sea would be quite competent to account for them, so they afford an 
indirect support to the hypothesis of submergence. It is, however, 
generally admitted that there have been oscillations both of level and of 
climate since any boulder clay was deposited in the districts south of the 
Humber and the Eibble. The passing of the Great Ice Age was not 
sudden, and glaciers may have lingered in our mountain regions when 
palaeolithic man hunted the mammoth in the valley of the Thames, or 
frequented the caves of Devon and Mendip. But of these times of tran- 
sition before written history became possible, and of sundry interesting 
topics connected with the Ice Age itself — of its cause, date, and duration, 
whether it was persistent or interrupted by warmer episodes, and, if so, 
by what number, of how often it had already recurred in the history of 
the earth — ^I 'must, for obvious reasons, refrain from speaking, and 
content myself with having endeavoured to place before you the facts 
of which, in my opinion, we must take account in reconstructing the 
physical geography of Western Europe, and especially of our own 
country, during the Age of Ice. 

Not unnaturally you will expect a decision in favour of one or the 
other litigant after this long summing-up. But I can only say that, in 
regard to the British Isles, the difficulties in either hypothesis appear so 

^ Eor instance, at Stanningfield in the valley of the Latk, 

^ * These contain the instruments worked by palaeolithic (Acheulean) man who, in 
this country at any rate, is later than the cliAlky boulder clay. 

im B 
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great that, while I consider those in the ‘ land-ice ’ hypothesis to be the 
more serious, I cannot as yet declare the other one to be satisfactorily 
established, and think we shall be wiser in working on in the hope of 
clearing up some of the perplexities. I may add that, for these purposes, 
regions like the northern coasts of Eussia and Siberia appeal;, to me more 
promising than those in closer proximity to the North or South Mag- 
netic Poles. This may seem a ‘ lame and impotent conclusion ' to so long 
a disquisition, but there are stages in the development of a scientific idea 
when the best service we can do it is by attempting to separate facts from 
fancies, by demanding that difficulties should be frankly faced ifistead 
of being severely ignored, by insisting that the giving of a name cannot 
convert the imaginary into the real, and by remembering that if hypo- 
theses yet on their trial are treated as axioms, the result will often bring 
disaster, like building a tower on a foundation of sand. To scrutinise, 
rather than to advocate any hypothesis, has been my aim throughout 
this address, and, if my efforts have been to some extent successful, I 
trust to be forgiven, though I may have trespassed on your patience 
and disappointed a legitimate expectation. 
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The Further Tahulatim of Bessel Functions. — Report of the Committee, 
consisting of Professor M. J* M. Hill {Chairman)^ Dr. J. W. 
Nicholson {Secretary), Professor Alfred Lodoe, ani Dr. L. N. G. 
Filon. 

The Committee, having now practically completed their proposed calcula- 
tions of the Bessel Functions of type proceeding to a calculation 

on similar lines of the functions (a?) and. (x) for various values of 
n and x. The former is the function of which, for the cases and 
71=1, extensive tables were published by the British Association in 1889, 
1893, and 1896, and is defined by 

The function K„ (a?) satisfies the same differential equation as («) 
and vanishes for an infinite argument. It may be conveniently defined 
by the integral 

Writing 



where T„, t^ are new functions, then it may be shown that T„is the 
function E hitherto used by the Committee, with its alternate signs 
changed to negative. As the material for the calculation of E is still at 
hand, that of will thus present no difiSculty. It is proposed to 
tabulate T„ for aU the available values and thence to deduce 4 from the 
tables for I„ (x), checking the results by a recurrence formula for valid 
when n is half an odd integer. The tabulation of K,, {x) will then 
follow. 
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The results so far obtained are not sufficiently advanced to appear 
in the present Eeport. 

During the course of the year Dr. Pilon has found it necessary 
to resign the secretaryship of the Committee, and, at the request of 
the Chairman, Dr. Nicholson has taken up the duties. ^ 

The Committee have given further consideration to tEe suggestion 
that they should undertake the publication of a volume containing all 
the tables of Bessel functions and other allied functions now existent, 
and that their work should be directed towards the filling up of seripus 
gaps which such a volume would contain. They view this suggestion 
with favour, and seek the necessary permission from the Assoo^ation. 
A list of the existing tables has been compiled, and is now believed 
to be complete. The Committee are desirous of reappointment, again 
without a grant. 


Experiments for Improving the Construction of Practical Standards for 
Electrical Measurements, — Report of the Committee^ consisting of 
Loed Eayleigh [Chairman)^ Dr. R. T. GnAEEBEOOK: (Secretary)^ 
Professors J. Peeey, W. G. Ajdams, and G. Carey Poster, Sir 
Oliver Lodge, Dr. A. Mcirhead, Sir W. H. Preece, Professors A. 
Schuster, J. A. Fleming, and Sir J. J. Thomson, Dr, W. N. Shaw, 
Dr. J. T. Bottomley, Rev. T. C, Fitzpatrick, Dr. G. Johnstone 
Stoney, Professor S. P. Thompson, Mr. J. Rennie, Principal E. H. 
Griffiths, Sir Arthur Rucker, Professor H. L. Callendar, 
and Messrs. G. Matthey, T. Mather, and F. E. Smith. - 

Appendix. — Order in Gmncil rekdina to Eledrical Standards, dated J armary 10, 

1910 40 

The Report of the International Conference on Electrical Units and 
Standards held in London in October 1908 was printed as an Appendix 
to last year’s Eeport. 

In January 1910 the Board of Trade took action in accordance with 
the recommendations of the Eeport, and an Order in Council relating 
to electrical units, dated January 10, which contains definitions of the 
English standards of resistance, current, and electromotive force in 
conformity with the definitions adopted by the Congress, has been 
issued. This is printed as an Appendix. 

In accordance with a scheme approved by the International 
Scientific Committee appointed by Lord Eayleigh at the London Con- 
ference, international co-operative work on electric standards has this 
year been carried out at the Bureau of Standards, Washington. It 
was arranged that representatives of the Bureau of Standards, the 
Lateratoire Central d’EiectricitA, Paris, the Physikalisch-Technische 
Eeichsansialt, Berlin, and of the National Physical Laboratory should 
feie part in the work. The representatives of the Bureau of Standards 
were Professor E. B. Rosa and Dr. F. A. Wolfi, and the European 
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delegates were Professor W. Jaeger, Professor F. Laporte, and Mr. 
F. E. Smith. 

Professor S. W. Stratton kindly offered the facilities of the Bureau 
of Standards for the investigation, and, in his capacity as Treasurer of 
the Interujitional Committee, was able to secure the funds to defray 
expenses. ^Towards this object the governing bodies of the American 
Institute of Electrical Engineers, the National Electric Light Asso- 
ciation, the Association of Edison Illuminating Companies, and the 
Illuminating Engineering Society most generously subscribed lOOL 
each. Some smaller contributions were also received. 

’[jjie primary object of the meeting was to determine the electro- 
motive force of the Weston normal cell in terms of the international 
units of resistance and current. At the same time it was necessary 
to clear up certain outstanding problems on the standard cell and the 
silver voltameter. Previous to the meeting a great deal of experimental 
work^had been done at each of the four institutions, and the results 
obtained were compared before deciding on a programme of experi- 
mental work. 

The European delegates took with them from their own laboratories 
a considerable quantity of apparatus and chemicals, together with stan- 
dards of electromotive force, resistance, and mass. The results of the 
meeting are very valuable, and a full report is in process of preparation. 

Another careful research on the silver voltameter has been made 
during the year by Professor P. Laporte at the Laboratoire Central 
d'Eiectricit4. Professor Laporte shows that the result obtained in 
1908 by Professors Janet, de la Gorce, and himself, is subject to an 
appreciable error, owing to the use of silver nitrate, now known to be 
impure. With carefully prepared nitrate, and using the Eayleigh form 
of voltameter, he obtains 1*11829 milligram per coulomb for the 
electro-chemical equivalent of silver, the current being measured in 
terms of the Weston cell as 1*01830 volt at 17^ C. and the inter- 
national ohm as idealised at the National Physical Laboratory. The unit 
of current was, therefore, the same as that used by Smith, Mather, 
and Lowry in 1908, and the value for the electro-chemical equivalent 
found by Professor Laporte is in very close agreement with the value 
1*11827 obtained by the British investigators. 

The General Committee at Winnipeg accepted the recommendation 
of the Council and the Committee of Section A in favour of the republi- 
cation of all the Eeports of the Electrical Standards Committee. Suit- 
able arrangements for the work have, therefore, been made, and the 
material is now with the 'printer, but in consequence of the absence 
of Mr. F. E. Smith in America, and the work of preparation required, 
progress has necessarily been slow. 

With regard to progress in electrical standardising work at the 
National Physical Laix>ratory, the Lorenz apparatus is practically com- 
plete, and some preliminary electrical measurements will, it is hoped, 
be tnade in October of the present year. 

The Ayrton-Jones current balance continues to work most satis- 
factorily, and small and gradual changes in e.m.f. of Weston cells, 
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amounting to less than three parts in 100,000 have been detected by 
its aid. 

The results of the investigation on cadmium amalgams at the 
National Physical Laboratory were incorporated in a paper read before 
the Physical Society last February. It may be useful to gjve here the 
limits of temperature between which various amalgams nuay be most 
usefully employed in the Weston normal cell : — 


Percentage of 

cadmium in the 


Lower limit 

Upper limit 

amalgam 

6 


Below 0 C. 

about 27*7 C. ^ 

7 


»» 

„ 34*6 

8 


»» 

„ 41*0 

9 



„ 46*0 

10 


»> 

„ 51*0 

U 


about 0 C. 

„ 56*0 

12 


„ 8-7 C. 

„ 60*0 . 
above 60*0 

12i 


„ 121 

IS 

• • • • 

« 161 

„ 60*0 

14 

« # • • 

„ 24-0 

„ 60*0 

15 

• • 4 • 

.. 32-5 

„ 60*0 


The degree of reproducibility which is now obtainable with the 
Weston cell far surpasses what it was five years ago. At the National 
Physical Laboratory sixty-seven cells .were tested in 1909, and of these 
sixty agreed with the Laboratory standards within one part in ten 
thousand. What is not understood at present is the occurrence of 
strange hysteresis effects in a few cells. The b.m.f. of such cells may 
be normal at first, but changes comparatively rapidly with time. 
Indeed, a large hysteresis effect in a cell appears to be an indication 
that the e.m.p. will not remain constant with time, whereas its absence 
is in general an indication of constancy. 

In view of the fact that the repubiication of the Eeports is not yet 
completed, the Committee recommend that they be reappointed, that 
Lord Rayleigh be Chairman, and Dr. B. T. Glazebrook Secretary, 

APPENDIX. 

Order in Council relating to Electrical Standtirds, 

At the Court at Buckingham Palace, January 10, 1910. Present : 
the King’s Most Excellent Majesty in Council. 

Whereas by the " Weights and Measures Act, 1889/ it is, among 
other things, enacted that the Board of Trade shall from time to time 
cause such new denominations of standards for the measurement of 
electricity as appear to them to be required for use in trade to be made 
and duly verified. 

And whereas by Order in Council dated the 23rd day of August, 
1894, Her late Majesty Queen Victoria, by virtue of the power vested 
in Her by the said Act, by and with the advice of Her Privy Council, 
was pleased to approve the several denominations'^ of standards set forth 
in the Schedule thereto as new denominations of standards for electrical 
measurement. 
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And whereas in the said Schedule the limits of accuracy attainable 
in the use of the said denominations of standards are stated as 
follows : — 

For the Ohm within one hundredth part of one per cent, 

For^the Ampere within one tenth part of one per cent. 

Fornihe Volt within one tenth part of one per cent. 

And whereas, at an International Conference on Electrical Units 
and Standards held in London in the month of October, 1908, the 
International Electrical Units corresponding with the said denomina- 
tions of standards were defined as follows ; — 

^Jie International Ohm is the resistance offered to an unvarying 
electric current by a column of mercury at the temperature of melting 
ice 14*4521 grammes in mass of a constant cross sectional area and of 
a length of 106*300 centimetres. 

The International Ampere is the unvarying electric current which, 
when passed through a solution of nitrate of silver in water, deposits 
silver at the rate of 0*00111800 of a gramme per second. 

The International Volt is the electrical pressure which when steadily 
applied to a conductor whose resistance is one International Ohm will 
produce a current of one International Ampere. 

And whereas it has been made to appear to the Board of Trade to 
be desirable that the denominations of standards for the measurement 
of electricity should agree in value with the said International Electrical 
Units within the said limits of accuracy attainable; 

And whereas the denominations of standards made and duly verified 
in 1894 and set forth in the Schedule to the said Order in Council have 
been again verified ; 

And whereas the Board of Trade are advised that the said denomina- 
tions of standards agree in value with the said International electrical 
units within the said limits of accuracy attainable, except that in the 
case of the Ohm the temperature should be 16‘^*4 0. in place of 15^*4 0. 
as specified in the Schedule to the said Order in Council ; 

And whereas it has been made to appear to the Board of Trade that 
the said denominations of standards should be amended so that the 
aforesaid exception may be remedied; 

Now, therefore, His Majesty, by virtue of the power vested in Him 
by the said Act, by and with the advice of His Privy Council, is pleased 
to revoke the said Order in Council dated the 23rd day of August, 1894, 
and is further pleased to approve the several denominations of standards 
set out in the Schedule hereto as denominations of standards for the 
measurement of electricity. Almebic Fitzeoy, 

* Schedule above eefbered to. 

‘ I. Standard of Electrical Resistance. 

* A standard of electrical resistance denominated one Ohm agreeing 
in value within the limits of accuracy aforesaid with that of the Inter- 
national Ohm and being *the resistance between the copper terminals of 
the instrument marked “ Board of Trade Ohm Standard Verified, 1894 
and 1909/' to the passage of an unvarying electrical current when the 
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coil of insulated wire forming part of the aforesaid instrument and 
connected to the aforesaid terminals is in all parts at a temperature 
of 160-4 0. 

‘ II. Standard of Electrical Current, , 

* A standard of electrical current denominated one Am^^re agreeing 
in- value within the limits of accuracy aforesaid with that of the Inter- 
national Ampere and being the current which is passing in and through 
the coils of wire forming part of the instrument marked “ Board of 
Trade Ampere Standard Verified, 1894 and 1909/' when on reversing 
the current in the fixed coils the change in the forces acting upon 
the suspended coil in its sighted position is exactly balanced fey the 
force exerted by gravity in Westminster upon the iridioplatinum weight 
marked A and forming part of the said instrument. 

‘ III. Standard of Electrical Pressure. 

‘ A standard of electrical pressure denominated one Volt agreeing 
in value within the limits of accuracy aforesaid with that of the Inter- 
national Volt and being one hundraith part of the pressure which when 
applied between the terminals forming part of the instrument marked 
“ Board of Trade Volt Standard Verified, 1894 and 1909/' causes that 
rotation of the suspended portion of the instrument which is exactly 
measured by the coincidence of the sighting wire with the image of the 
fiducial mark A before and after application of the pressure and with 
that of the fiducial mark B during the application of the pressure, these 
images being produced by the suspended mirror and observed by means 
of the eyepiece. 

* In the use of the above standards the limits of accuracy attainable 
are as follows : — 

* For the Ohm, within one hundredth part of one per cent. 

* For the Ampere, within one tenth part of one per cent. 

* For the Volt, within one tenth part of one per cent. 

‘ The coils and instruments referred to in this Schedule are deposited 
at the Board of Trade Standardising Laboratory, 8 Eichmond Terrace, 
Whitehall, London.' 


EstaJ>UsJiing a Solar Observatory in Australia. — Report of the Committee, 
consisting of Sir DaVcd Gill {Chairman), Dr. W. G. Dotpielb 
{Secretary), Dr. W. J. S. Lookyeb, Mr. F. MoCJlean, and 
Professors A. Schuster and H. H. Turner. 

During the past year the movement for the establishment in Australia 
of a solar observatory has made considerable progress, the annual 
upkeep having been promised by the Commonwealth Government pro- 
vided that a sum of 10,000L be forthcoming from private sources for its 
ereciion and equipment. 

The Secretary was in Australia during the early part of the year 
19CB-10, and he has already reported^ the-- formation of the Solar 
^ Winnipeg Report, 1909. 
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Physics Committee of the Australasian Association for the Advancement 
of Science, as well as the favourable reply from the Minister of Home 
Affairs of the Fisher Ministry in response to their deputation upon the 
subject, shortly before the Deakin Ministry came into power. 

In ordet to demonstrate the strong feeling throughout Australia that 
this work Aiould be undertaken, a public meeting was convened by the 
Solar Physics Committee in the Melbourne Town Hall on October 26, 
1909. Delegates were appointed by the Councils of the Universities 
of Sydney, Melbourne, Adelaide, and Hobart, the observatories of Mel- 
bourne and Adelaide, the Eoyal Societies of New South Wales, Victoria, 
and 48outh Australia, and the Astronomical Societies of Sydney and 
Adelaide. The meeting was presided over by the Earl of Dudley, 
Governor-General of Australia, who concluded his opening address with 
the words: — 

* It will be little short of a national misfortune if, for the sake of a- 
few thousand pounds, Australia fails to take the place amongst the 
nations of the world in scientific research for which her geographical 
position marks her out. The country appears destined by Nature for 
the work, and it is doubtful whether it can be done anywhere else so 
well as here. The location of the new station in Australia would mean 
that three /)ut of the four necessary links in the chain of observatories 
would be within the Empire, and that all four — ^the American, the 
British, the Indian, and the Australian — would be run by English- 
speaking peoples. It would also show that Australia recognised her 
responsibilities and her opportunities, and had taken her place amongst 
the nations of the world, at any rate in the realms of science. * 

The following resolution was put to the meeting and carried unani- 
mously : * That the esiahlishment of a Solar Observatory in Australia is 
desirable j and that the Federal Government be strongly urged to assume 
the responsibility of carrying it into effect,' Sir Thomas Gibson- 
Carmichael, Governor of Victoria, Sir George Eeid, High Commissioner 
for Australia, Sir John Madden, Chancellor of the Melbourne Uni- 
versity, Professors David and Henderson, Mr. Baracchi, Government 
Astronomer of Victoria, Mr. Hunt, Commonwealth Meteorologist, and 
others spoke in favour of the establishment of the observatory. 

In response to a question asked in the Commonwealth Parliament 
concerning the Government’s intention of undertaking this work, the 
Prime Minister, Mr. Deakin, replied : . ‘ . It appears to me that 

the Commonwealth ought to do its share in this matter. I propose, 
therefore, to ask my honourable colleagues to place on the Estimates a 
sum sufficient for the maintenance of such an observatory. If neces- 
sary, we may go further, but it is desirable that in the first instance the 
wealthy men of Australia should have their attention called to the 
opportunity now presented them for the erection and equipment of an 
observatory whose results would be valuable to the world at large, and 
incidentally to Australia, The Commonwealth Government would be 
prepared to maintain it for the sake of science and Australian meteoro- 
logy.* November 4, 19,09. 

Mr. Deakin subsequently stated that the Cabinet had approved of 
a proposal upon the above lines for submission to Parliament. The 
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cost of maintenance of a solar observatory at a suitable spot iii thd 
interior of the continent was estimated at about 1,500L per annum 
for the earliest years, ‘ with probably an expanding outlay as the work 
developed. ’ 

The Labour Ministry under Mr. Fisher has now returned to power, 
and it is thought that it will be no less sympathetic than Ml, Deakin’s 
Ministry. Towards the sum of 10,OOOZ. that is required for the con- 
struction and equipment, about 4,000Z. has been subscribed in money 
and apparatus, so that as matters stand at present the sum of 6,000L 
is alone required to enable the whole world to be linked up by a chain 
of observatories, and the scheme of International Co-operation in jjolar 
Eesearch to be carried completely into effect. 


JSeismohgical Investigations, — Fifteenth Report of the Committee, con* 
sisting of Professor H. H. Turner {Chairman), Mr. J. Milne 
{Secretary), Mr. C. Vernon Boys, Sir George Darwin, Mr. Horace 
Darwin, Major L. Darwin, Dr. E. T. Glazebrook, Mr. M. H. 
Gray, Professor J. W. Judd, Professor C. G. Knott, Professor 
E. Meldola, Mir. E. D. Oldham, Professor J. Perry, Mr. W. E. 
Plummer, Professor J. H. Poynting, Mr. Clement IIeid, and 
Mr. Nelson Eichardson. {Drawn up hy the Secretary) 

[Plates I and IL] 
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I. General Notes, 

The following notes, which have been brought together to form the 
fifteenth Annual Eeport of this Committee , refer for the most part to 
work which is in progress rather than to work which has attained a stage 
approximating completion. 

Your Coromittee ask to be reappointed with a grant of 60Z. 

Registers , — Since the meeting of last year Circulars Nos. 20 and 21 
have been issued. They refer to observations made at Shide, Kew, 
Bidston, Edinburgh, Paisley, Eskdalemuir, Haslemere, West Brom- 
wich, Stonyhurst, San Fernando (Spain), Valetta, Beirut, Ponta 
Belinda, Cape of Good Hope, Mauritius, Cairo, Bombay, Kodaikanal, 
Alipore, Colombo, Irkutsk, Tokio, Batavia, Tpronto, Victoria, Balti- 
^ more,^ Trinidad, Chacarita and Pilar (Argentine), Honolulu, Perth, 
Sydney, md OSristchurch. 



ON SEISMOLOGICAL INVESTIGATIONS. 


45 


Visitors —Although, many visitors have called at Shide Observatory 
merely to satisfy curiosity, there have been a number who have visited 
tliis station with the express object of obtaining information which they 
could turn to practical account. The following gentlemen spent two 
days at Sh^ie to study the routine of a seismological observatory ; N. K. 
Fennimor^St. Helena), C. E. Pain (Seychelles), F. Marx (Ascension), 
J. G. Meats (St. Vincent, Cape Verde), H. G. Thomas (Cocos), 
G. E. Holmes (Fernando Norhona), E. Eankine (Fiji), J. J. Shaw (West 
Bromwich), F. Eyan (Electra House, London), the Eev. A. L. Cortie, 
S. J. (Stonyhurst). Other visitors practically interested in seismology 
wer%F. E. Norris (Guildford), G. W. Walker (Eskdalemuir), W. E. 
Cooke (Perth), Major A. E. Galbraith, E.E. (Osborne), Lieut. W. A. 
Moore, E.A. (Freshwater), Professor F. G. Baily (Edinburgh), Pro- 
fessor H. H. Turner (Oxford), and M. H. Gray (Abbey Wood). 
W. E. Hearn (Consul-General, San Francisco) and Professor E. F. 
Pinto Basto (Coimbra) both gave assistance towards obtaining material 
for a catalogue of destructive earthquakes. In addition to these indi- 
vidual visitors, Shide was visited by several parties, the Lymington 
Natural Science Society, some twenty visitors from Eouen, Professor 
V^lain with his assistants and a number of students from the Sor- 
bonne. These latter took a keen interest in everything they saw, and 
were particularly struck with the method followed by the British 
Association in making seismological observations as contrasted with 
the method which is now in process of extension in their own country. 
From Japan we were visited by Count Otani Kodzui and two of his 
assistants, who had just returned from Central Asia, where incidentally 
they had observed large earthquakes. Their records were compared with 
those obtained at European and other stations. Professor H. Nakano 
very kindly offered to give us such assistance as he was able in obtaining 
more complete records from Japan. I may add that for a considerable 
time past we have been indebted to Mr. J. Eippon, of the West India Cable 
Company, for registers of earthquakes which have occurred in Jamaica. 

II. New Stations. 

Installations are now in working order at West Bromwich and 
Guildford, and shortly we expect to receive a large series of records 
which have been made from Melbourne. Through the kind co-opera- 
tion of the Eastern, Eastern Extension and Pacific Telegraph Company, 
instruments will very shortly be established at St. Vincent (Cape Verde 
Islands), Ascension, St. Helena, Seychelles, Cocos and Fanning Islands. 
Other cable companies are considering the advisability of establishing 
instruments at certain of their stations, whilst, largely in consequence of 
the interest taken in seismological observations by Sir Everard im Thurn, 
an instrument will very shortly be shipped to Fiji. Inquiries have 
also been received respecting the installation of seismographs in several 
other colonies. New recording instruments in which the paper moves 
at the rate of 240 mm, per hour have been adopted at the Eoyal Obser- 
vatory, Edinburgh; by the Geographical Society, Lima, Peru; and at 
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Stonyliurst College, near Blackburn. New instruments with quickly 
moving record-receiving surfaces have been sent to the Institute y 
Observatorio de Marina, San Fernando, Spain; the Bio Tinto Company, 
Limited; Huelva, Spain; CardifE; and Adelaide. 

West Bromwichy Hill Top . — ^The instrument established by Mr. 
Shaw at this station has two pendulums : A, with the boom-f oint to the 
east and weight to the west; B, with boom-point to the south and 
weight to the north. These are suspended from the walls of a cellar 
excavated in hard gravel. In descending order the strata beneath are 
105 feet of clay and red sand, 108 feet of clay, clunch, and coal, 60 feet 
of white rock, 63 feet of rock binds, and 31 feet of coal. The we^hts 
are 100 kilos, each. Period 16 seconds. The weight on A is 36 inches 
from the boom-point, whereas the weight of B is 64 inches from the 
boom-point. 



Both booms are fitted with multiplying levers (ratio, 20 : 1) giving 
a total sensibility for A 0"'l tilt=l mm. amplitude; and for B 0"‘15 
tilt = l mm, amplitude. 

The records are taken on smoked paper travelling five inches per 
hour. 

The time is recorded by electric signal each minute, and the govern- 
ing clock compared with Greenwich daily. Average variation about one 
second per diem. 

Guildford^ Woodbtidge Hill . — ^This instrument was designed and 
put up by Mr. B. Norris. The mast rises feet above the top of 
a concrete column, which is sunk 5 feet in London clay. There is a 
north bpom (A) and a west boom (B) recording without multiplying 
levers. Xicn^h of boom, 8 feet; weight at outer end, 100 lb. 1 mm. 
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Instruments in Jamaica (for local shocks), 

1. Ghapelton (M. Maxwell Hall). — duplex-penduluni seismometer. 
Heavy weight, about 30 lb. Multiplication about 10 for horizontal 
movements knly. Eecords on top upon a smoked«glass plate. 

2. Kingston (Brennan). — ^Made after the pattern of Gray, of Glas- 
gow. A heavy weight ring about 9 inches diameter, 25 lb. weight, 
acts as a pendulum, with ‘ dampers " to prevent continued oscillation 
termed * friction pointers.’ Multiplication about 12, Eecords upon 
a smoked-glass plate below, same as described in Milne’s book on 
earthquakes. All enclosed in a case free from wind currents. Length 
of suspension about 5 feet. 

Verbech*s Ball and Blate Seismometer. — ^Described in Milne’s book. 
Consists of two plates of glass 2 feet by 18 inches by J inch, about 25 lb. 
each, separated by three f-inch steel bars horizontally fixed. Eegisters 
on the top surface of top plate. This will give the actual horizontal 
movement of the ground, and is intended for large earthquakes. Can 
register a movement of about 2 or 3 inches. Fixed firmly to the ground 
,and protected from air currents. 

III. Distribution of Earthquakes in 1909. 

The dash-dot lines on the accompanying chart (Plate I.) are parallel 
to the axes of districts from which large earthquakes ha.ve originated. It 
will be observed that they follow the principal ridges and troughs on the 
earth’s surface, but not necessarily to their extremities. 

In the Pacific the lines P, E^, A^, Ag, B, and Dg follow the 
lines of troughs, while the remaining lines in the same ocean follow 
ridges. In the Atlantic the eastern portion of 0^ and H are ridge lines, 
whilst the western portion of Oj. is the portion of a trough. 

In Africa is a ridge, whilst 0 and its northerly continuation to 
the Jordan depression is partly a trough. 

In the Inian Ocean part of G^ and Gg are parallel ridge lines, 
whilst Eg, Eg, M^, and E are troughs. 

The lines in Europe and Asia f oUow ridges ; is the Tian Shan- 
Altai system, which is continued to the north-east by the Stanovoi- 
Yabolonoi ranges. Erom this north-eastern extension, however, but 
few earthquakes originate. Kg is the Kwen Lun system, which ends 
abruptly at the great plain of China or turns at right angles near the 
great bend of the Hosgigo Ho and follows the fold of the Khingan 
Mountains to the northern bend of the Amur. K^, K^, Kg is the 
Alpine, Balkan, Caucasian, Himalayan system, which turns sharply 
round the eastern bend of the Brahmaputra, and as the Arakan Yoma 
range runs down to Cape Negrais, to be continued by stepping stones, 
the Andamans and Nicobars, to join the Sumatra-Java volcanic ridge. 

The number of earthquakes which have originated from each of 
these districts in 1909 was A, 4; B, 3; 0, 0; D, 6; E, 18; E, 24; 
0, 3; H, 2; J, Oj K, 26; L, Oj M, 13 ; N, 0; O, 0; P, 0. The total 
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number of earthquakes since 1899 from these same districts, tli^re- 
fore, becomes A 40; B, 55; 0, 30; ,D, 28; E, 133; F, 175; G, 26; 
H, 35; I, 5; J, 5; K, 141; L, 2; M, 86 (this includes small dis- 
turbances); 0, 1; P, 0. 

The most pronounced megaseismic activity is at the gj|'esent time 
along a band running from the south extremity of the PhMppines and 
Java in an east-south-east direction towards the middle of the Pacific. 
In the islands which stud this band with their intervening troughs 
we see the outcrops of mountain ranges with Himalayan proportions. 
It suggests a continent in the making. 


IV. A New Departure in Seismology. 

In the British Association Eeport, 1908, p. 64, I showed that 
after the earthquake of January 14, 1907, which devastated Kingston, 
Jamaica, 51 of the after-shocks were recorded by the British Association 
type of instrument at several stations in Great Britain. The time taken 
for these to travel from Jamaica to Great Britain, a distance of 67^, 
was in all cases practically 43 minutes. I am not aware that any one 
of these 61 shocks was recorded by other types of instruments either in 
Britain or Europe. Previously to this, however, very large shocks had 
been recorded as thickenings of traces near to the antipodes of their 
origin, but this was the first time that small after-shocks had been noted 
at places far removed from their epicentral areas. We have here not 
only an indication of the high degree of sensibility possessed by a 
certain type of instrument, but a suggestion that a new field for-ex- 
ploitation had been discovered. Observations corresponding to those 
made on the shocks from Jamaica have been frequently repeated, with 
the result that the registers from stations possessing different types of 
instruments show considerable variation in the number of records which 
they yield. For example, between July 1 and December 31, 1909, we 
find that in the Isle of Wight 279 earthquakes were noted. These are 
assumed to be of true seismic origin, either because each finds a cor- 
responding record at several other stations, or that they were noted at 
times when we should expect the surviving efforts of large earth- 
quakes to arrive in Great Britain. During this period, at Hamburg. 
Strassburg, and Laibach, where other types of instruments are in use, 
the number of records were respectively 123, 64, and 42. At these 
latter stations, like many others in the world, we find either instruments 
recording on smoked paper or instruments which recorded photo- 
graphically, In the former the writing pointers are connected with the 
bob of a penduluta by a system of levers which gives a high multipli- 
cation, whilst with the instruments which record photographically the 
source of light is at a considerable distance from the record-receiving 
surface, ^ With the first type of instrument a slacbaess in joints, 
vpth.dastioity and inertia of the levers, results in a loss of 
. Where jjie multiplication is high the makers of, these instru- 

lei ^amounts to five per centr This means that no 

, whatev^^ can l>e obtained , until a certain amplitude of motion 
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liafe beeii reached. This accounts for the fact which has so frequently 
been confirmed by my own experiences that this type of instrument 
fails to record very small movements. Why the second type of instru- 
ment carries the same objection is not so clear. We frequently notice 
that the traces from these instruments are not only broad, but they are 
wanting in definition. Small movements may possibly be lost in the 
ill-defined edge! of the trace. 

On December 28, 1908, Messina and Eegio were ruined. Eight of 
the after-shocks reached the Isle of Wight, but only two of these seem 
to have, been recorded at Laibach, Gottingen, and Hamburg, which are 
nearer to the origin than the Isle of Wight. 

A sflhilar story is told in all the registers published since 1907. 
Earth messages appear to be passing beneath observatories all over 
the world, but their existence is not recognised, because the instruments 
generally used are not capable of recording the same. To exploit this 
new department in seismology old types of instruments will have to be 
improved or new ones adopted. 

V. Granges in Level accompanying certain JSarthqmhes, 

All geologists are familiar with the enormous mass displacements 
which have accompanied very large earthquakes, particularly in the 
vicinity of their origin. It does not, however, appear to have been re- 
cognised that Small changes in level may sometimes be detected at great 
distances from the same. Evidences of such changes are occasionally 
to be seen in the records obtained from horizontal pendulums. As an 
illustration of this I will refer to the earthquake of January 22, 1910, 
which had its origin to the north of Iceland. With the maximum motion 
of this disturbance at Shide, in the Isle of Wight, the booms of five 
horizontal pendulums were suddenly displaced from their normal posi- 
tion. Those oriented east and west were swung to the north, whilst 
those at right angles to the west. Pendulums in rooms 80 yards apart 
Were displaced similarly. In their new positions they were all free 
to swing. The displacement took place at 8 a.m., but at 12.45 they 
crept back somewhat intermittently towards their original zero. This 
they reached at 4 p.h. The behaviour of pendulums at Bidston and 
West Bromwich suggested a displacement similar to that at Shide. In 
the seismograms which I have accumulated during the last fifteen years 
I find many repetitions of a similar phenomenon. 

VI. Changes in Level due to Tidal Influence. 

Towards -the end of last year it occurred to Professor Milne that 
the conditions under which the earthquake records were made at 
Bidston might be utilised to determine the amount of deformation of 
the earth's surface due to the accumulation and removal of a heavy 
load of tidal Water. 

A few years ago, in the basement of the Victoria Club at Byde, 
Professor Milne made some observations with this in view. Contrary to 
expectations, it was found that when the tide rose the strand rose 

1910. B 
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also, liis was attributed to tbe banking up of drainage from tbe 
land and the con^quent bulging up of the same. It was, however 
pointed out by Sir George Darwin that the greater quantity of water 
m the English Charmel might more than counterbalance the effect of 
the smaller volume in the Solent. 

In the Mersey, as shown by the tide gauges ' onl the Liverpool 
Landing Stage, the variation in the height "of the tide ^n considerably 
exceed 10 feet, and in the Dee, at Hilbre Island, the oscillation is 
practically the same. The difference in the time of high water at 
these two stations is about half an hour. Consequently, as a g lanc4 
at the rough map of the coast-hne will show, there is a tendency for 
the load to balance on the east and west sides, while on the jS^rth and 
south, apparently, the difference would be most marked. In thap o 
cmsumstanoes it is a little difficult to determine what would be the 
most appropriate azimuth to mount the pendulum, but as the boorh in 
toe origmai seismometer was placed north and south, in the new 
instrvment the direction was made east and west. The seismometer 
can, however, be turned through any angle if it be felt desirable to 
continue tke inTestigattions. 

designed by Professor Milne and his 
S. Hirota. M the observations were made and discussed 
Directo: of the Bidston Observatory. 

The boom differs in some essential particulars from the tyne 
<tttoanly used m the Milne seismometer. It is divided into two 
parts: one, n^er to the stand, consists of a stout brass rod, carrv- 
mg a weight of about seven pounds. At the extremity of this rod. whi4 
IS only about so mches in length, is placed a light magnifyine 
style, mdependently carried, and attached to the boom SJ b? 

needle, capable of moving betwem a slend^ 
of toe inskument can be increased at 
w nsaafinm toe ^anoe b^wmi the pivot on which the maeni- 

|^stylew^andtoeendoftoeb«>m.: to toe original constSS 

1 ^ hiches long, rotating about a centre 

1 mch f^ the end of the bomn, consequently the displacement was 
mag^ tm times The arrangemente for photograpEftormo^e! 
^mt were of ^ ordinary character. The sensitised paper was paid out 
g the rate of 6 nulhmetres an hour, so as to make the simU amphtude of 
to oscilkton appa^t. The tidal displacements were sufficiency noto^f 
and the acooidtoce with toe time of high water was satisfactorv 
touncr^ toe sei^iyeness of the instrument so as.to make the mot^ 
^ and4sily measured, and to remove any^XEtoe 

, ^«ri910, and generally woS 




Map showing position of Tidal Water round Observatory. 



Deflections recorded at Bidstoii due to Tidal Load. 
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satisfactorily. The diagram (Plate II.) shows the character of the photo- 
graphs that are now being taken. The instrument is not well adapted for 
the record of earthquake waves, but two small tremors are shown ; the 
second one is not to be found on the ordinary earthquake film. 

Some difficulties have been introduced by the greater sensitiveness, 
and some were made more apparent, but these will probably disappear 
with greater exjferience. One difficulty was to determine the linear dis- 
placement of the boom due to an angidar tilt of the instrument, for the 
smallest angular motion which it was possible to make with accuracy 
moved the multiplying style off the scale. It seemed necessary to reduce 
the sensitiveness by a known factor — ^that is, by increasing the distance 
between ^e supports of the bifilar portion. There are objections to this 
plan, and up to the present the results have been left in the form of the 
actual measured displacement. Another difficulty arose from a long 
slow movement of a very minute order in one direction, probably masked 
in the less sensitive instrument, but now distinctly noticeable in a con- 
tinued series of observations. To explain this creeping it may be men- 
tioned that the whole seismometer is mounted on a slate slab on the top 
of a drain-pipe, two feet in diameter. This form of stand was preferred 
by Professor Milne, because it avoided the drying of mortar or cement, 
which, in a brick-built pier, would take a very considerable time. The 
observed creeping may be due to some motion of the stand or of the hill 
on which the Observatory is built, akin to the annual variation in the 
azimuthal error of the transit instrument. While the instrument has 
been in use the temperature has been increasing. Observations in the 
second half of the yeat may clear up this point. 

It niust hdt, however, be overlodjked that one possible cause for 
this creeping may be found in the seasonal shift in the direction of 
the north-south barometrical gradient, accompanied by a seasonal 
change in the mean sea-level. In summer time the region of high 
barometrical pressure lies to the north of Great Britain, whilst in 
winter it lies considerably to the south. 

The amplitudes on the diagrams seem sufficiently large to warrant 
an attempt to determine the tidal constants by means of harmonic 
analysis in the same way that the records of a tidal gauge are used. 
It may be said here that it was hoped originally to determine from the 
residuals between the computed and observed curves the direct effect 
of the moon’s tide-generating force. At the present mcment such an 
inquiry is no doubt rendered difficult owing to the slow creeping of 
the pendulum towards the north. The problem resembles that of trying 
to find the height of the tides from readings on a scale that is continually 
sinking into the ground, and at a rate which cannot be determined and 
which may not he uniform. There are also other pmctical difficulties 
connected with the winding of the clock, attending to the illumina- 
tion, &c. It is by no means certain that after a disturbance the boom 
returns to the position originally occupied with no greater error than 
the small quantity sought. The discussion of the resmts, so far as they 
have gone, is useful as emphasising these difficulties, and with that view 
they are printed here. observations from April 14 to April 28 
^nmd as free from objection as any that have been made, and as a 
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first attempt it was arranged to derive tlie several tides in the manner 
described by Professor Sir G. H. Darwin. Clearly, if the main tides 
could not be recognised, it was hopeless to look for more recondite 
effects. There is a slight want of definiteness in the edge of the photo- 
graph ; but this defect has been to some extent removed, it is hoped, 
by measuring both sides and using Ihe mean. The cujpve was read off 
to a tenth of a millimetre, and that unit has been used throughout. 

The results of the harmonic analysis are given in the following table. 
About these Sir George Darwin writes as follows : * Since the oscilla- 
tions of the pendulum are due to the weight of sea-water, it seems best' 
to compare them with the tidal constants, as derived from te^years of 
observation at Hilbre Island.^ This place being near the mouth of 
the Dee, seems to afford a better means of comparison than does Liver- 
pool. The constants for Liverpool, however, differ but slightly from 
those at Hilbre Island. It is further desirable to compare the results 
with those derived from the equilibrium theory of tides for a place 
in lat. 53^ 24', approximately that of Bidston. I gave in Table B 
of the Eeport on Tides to the British Association for 1883 (* Scientific 
Papers,’ vol. i., p. 25) a theoretical scale of importance of the several 
tides expressed in terms of the principal lunar semidiurnal tide Ms as 
unity. But this table takes no account of the latitude of the place of 
observation, merely giving the relative importance of the several co- 
efficients. ’ What we require is to know what would be the deflections 
of the pendulum at Bidston if it were erected on an absolutely unyield- 
ing soil, and were only affected by the tide-generating forces due to 
moon and sun. The values given in that table for the semidiurnal tides 
may be quoted directly therefrom, and give the results in terms of Mj, 
as unity. But to reduce the diurnal tides to the same measure for this 
latitude, we must multiply the tabular values by sin 2Xsec% where X 
is latitude. In this way we obtain a scale of relative importance for the 
lunisolar tide-generating force at Bidston, 


Lunar semidiumal 

"Wa- 
ll II B 

P 

Hilbre 
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9-758 ft. 
319° 

llde-generating 
force at Bidston 
1-000 

0° 
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3° 
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327° 
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0° 
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Solar diurnal P 
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O 00 

0*146 

174° 
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Since the series of observations only extended over a fortnight, it was 
necessary to assume that the phase of was the same as that of Sg, 
and the amplitude about ^ths. Similarly the phase of P is assumed 
to be identical with that of Kj, and the amplitude one-third. Hence in 

‘ See Brird and Darwin, Proe. Boy. Sqc. vol. xxxii. (1885), p. 196, ool. 33. 
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the case of tlie pendulum there are really only four independent evalu- 
ations, and the values of and of P might have been omitted as far as 
concerns the provision of a means of comparison between the pendulum 
and the tide. 

' A fortnight is much too short a period of observation to afford 
trustworthy values for the deflections of the pendulum, and therefore we 
should not place implicit rehance on the exact numerical values obtained. 

‘ The phase of M 2 for the pendulum is virtually identical with that of 
the tide, but this exactness of coincidenie is probably to some extent 
accidental. The high tide, so to say, for the solar tide S 2 , differs in phase 
from tlmt of the water by 36^ or Ih. 12m., and the amplitude is 
considerably greater relatively to M 2 than is the corresponding ratio for 
the sea. 

‘ The phases of the diutnal sea-tides at Hilbre Island are very 
abnormal, for wdiereas it might have been expected that they should ail 
come out nearly the same, the phases of and 0 differ by 147®. The 
result is, how-ever, derived from so many years of observation that it is 
certainly correct and is, moreover, confirmed by the tidal constants for 
Liverpool. In the case of the pendulum we observe a similar abnor- 
mality, for the phases of and 0 differ by 109o. It is, however, 
remarkable that these tides are almost inverted with reference to the 
sea-tides. One may conjecture that there are perhaps nodal lines for 
these tides at some short distance out to sea, and that the bulk of the 
sea which produces the flexure is In the opposite phase from that which 
gives the visible tide at Hilbre Island and Liverpool. The amplitudes 
of Kj and O are also very discordant, both in absolute amount and 
between themselves. In the sea and 0 have nearly the same ampli- 
tude, but with the pendulum that of is three times as great as that 
of 0. This w’ould result if the supposed node of were nearer the 
shore than that for 0, because if this were so there would be a larger 
weight of w-ater, oscillating in a phase opposite to that of the sea in 
shore, to produce flexure in the case of than in that of 0. How- 
ever, the series is much too short to justify any confidence in such 
conjectures. 

* The last column gives the relative importance of the tide-generating 
forces for the several tides, and it will be seen that the force for is 
much larger and that for 0 somewhat larger than that for M 2 . We 
see that both in the sea and in the- case of the pendulum there is an 
enormous reduction of amplitude for diurnal tides as compared with the 
semidiurnal ones, but the reduction is markedly less for the pendulum. 
If these values should be confirmed, we may perhaps suspect that the 
direct lunisolar tide-generating force is rendering itself evident in the 
Ki tide, and such a conjecture would accord with the phase of 
approaching 360® without the intervention of the nodal line at sea 
suggested above. However, as already pointed out, it is too soon to 
draw any conclusions with confidence. * 

Whatever may have yet to come from this new departure in observa- 
tions bearing upon Earth .Physics, the work already accomplished is 
suggestive of certain conclusions. 

We see that an observatory near to a shore line, in consequence of 
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the diurnal tilting to which it may be subjected, is unsuitable for certain 
investigations. This, however, was pointed out by Sir George Darwin 
in his Eeport to the British Association in 1882. The discussion suggests 
precautions in the determination of the nadir at an observatory on the 
sea-coast, and probably the deepest mine in central Britain is still 
unsuitable as a place in w^hich to measure the effects of 16nar gravitation. 

The deflections accompanying tidal loads observed at Bidston indi- 
cate a relationship between the yielding of areas represented by rocks and 
other materials and loads which are fairly well measureable. 

These deflections which accompany a 10-foot tide amount at Bidston 
to approximately 0"*2. This yielding may be truly elastic, of it may 
possibly be partly due to the sagging of a surface like that of a raft under 
the influence of load. This latter idea falls in line with seismological 
observations, which show day after day that the large waves of earth- 
quakes, w^hether passing beneath the alluvial plains of Siberia or beneath 
the crystalline rocks of North America, do so at a uniform speed. 
Seismology suggests that we live on a congealed surface, which, whether 
it is thick or thin, light or dense, apparently responds in a uniform 
manner to undulations which pass beneath it. 


YII. Megaseismio Activity and Rest, 

Prom historical records it has been shown that there are reasons for 
supposing that when there has been marked seismic activity in one 
portion of the world there has been a corresponding activity in some 
other part (see this Eeport, Section YTCI., and also British Association 
Eeport, 1909, pp. 56-58). Although the records on which this con- 
clusion is based only refer to disturbances which have affected land areas 
and seaboards, it suggests that periods of marked seismic activity are 
governed by general conditions. We now possess a second register, 
collected by stations which have co-operated with British Association 
stations during the last eleven years, which refer to reliefs in seismic 
strain in all portions of the globe. These I have divided into two classes. 
Pirst, those which have only been recorded in a single hemisphere; and, 
second, those which have been recorded in the whole world. To the 
latter, which crossed an equator, I have given an intensity twice that of 
those which only disturbed instruments in a hemisphere. Earthquakes 
which have only been recorded throughout a single continent, no matter 
how notuch damage they may have caused, have been omitted. When 
these two classes are taken en hloc and arranged chronologically, it is 
at once seen that they have occurred in groups, and to each of these 
groups a value can be given dependent upon the number of shocks it, 
contains and their relative intensities. Prom centre to centre of each 
^up there are intervals, which usually vary between 10 and 30 days. 
An intervsd of 20 days is common, but it rarely reaches 40 days. On 
tte’acoraipanying diagram (see fig. 2) I have plotted the average inten- 
« vaiu^ of groups which have been followed by 8, 9, 10, to 84 
days of rmt Pbr example, groups with an average intensity of 4'5 were 
followed % 10 days of rest, whilst groups with^ intensities of 5*4 have 
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a rest period of 20 days. The mean line through these various deter-: 
minations indicates that activity and rest are directly proportional. 
After marked efforts to* bring about adjustments in the crust of pur earth 
there are long periods of quiescence and vice versa, A definite time- 
interval is required to bring about a condition for hypogenic activity. 

* 

VIII. A Catalogue of Large Earthquakes, 

In the British Association Eeport for 1908 I drew attention to the 
fact that existing catalogues of earthquakes consisted of materials ex- 
tremelyjieterogeneous in their character. Earthquakes which had only 
shaken a few square miles were included with those which might have 
shaken the whole world. Further than this the hetei'ogeneity varied 
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in difierent historical periods. Ancient records only referred to large 
earthquakes, while, as we approach modern times, this type of dis- 
turbance was eclipsed by numerous entries relating to tremors which 
had only a local significance. If we take this as a fact we see in it an 
explanation why the numerous analyses of earthquake statistics have 
failed to reveal any striking results respecting the distribution of earth- 
quakes either in regard to space or time. 

To obtain materials which might throw light upon seismic frequency 
and periodicity, it would be necessary to draw up lists for districts and 
one for the world froin which seismic trivialities were so far as possible 
excluded. With this object in view, I have made certain progress with 
a catalogue which only refers to earthquakes which have been accom- 
panied by destruction, or hy changes of the earth’s surface, or which 
have extended over large areas. In many instances these disturbances 




66 BEPOBTS ON THE STATE OP SCIENCE, 

have resulted in adjustments in the earth's crust of geological import- 
ance. Taken in groups they indicate marked periods in the relief of 
seismic strain. 

As an incentive to continue this new type of register, although in 
1908 but a small portion of it had been completed, I called attention to 
the fact that it showed : — * ^ 

First, that about 1650 there had been a period of marked seismic and 
volcanic activity in the world. 

Second, that although the periods of seismic activity in Italy and 
Japan were each separated by irregular intervals of time, the years in 
which there had been marked activity in one of these countrietf^ closely 
corresponded with the years when there had been marked activity in the 
other. Should further analyses confirm this conclusion, the suggestion 
is that the relief of seismic strain in one part of the world brings about 
relief in some other part, or that relief is governed by some general 
internal or external agency. 

The first entry in the catalogue is a.d. 1, and they are continued to 
A.D. 1900. This portion of the catalogue, which I propose to issue as 
Part I., will contain about four thousand entries. 

I recognise its incompleteness, and trust that the lacuncB will 
shortly be filled up and brought together as a supplement. 

When examining this catalogue it must be remembered that it only 
refers to disturbances which have originated on land surfaces and along 
seaboards. Further, it must be borne in mind that the historical records 
of different countries extend over very different periods of time. 

The sources from which materials have been drawn are briefly as 
follow: — 

Well-known catalogues like those of Mallet, Perry, and Fuchs have 
formed a foundation. Next came Japanese catalogues of earthquakes, 
together with abstracts from records published in China; in these much 
information is given not obtainable elsewhere. The translations of the 
latter made by Mr. S. Hirota and Professor E. H. Parker were particu- 
larly difficult. In the former of these (see Eeport 1908) certain slight 
errors have been found in the materials from which the translations 
were made. For dates between a.d. 46 and a.d, 194 one or two days 
should be added, while for dates between a.d. 200 and a.d. 1590 three 
to ten days should be subtracted. The resulting dates are for the most 
part those on which earthquakes were notified, and not necessarily those 
on which they occurred. Numerous lists and monographs on the 
earthquakes of particular countries have been translated. Three of 
these accompany this Eeport. Many documents were obtained from 
vpious parts of the world where Great Britain is represented, by the 
kind co-operation of the Foreign, Colonial, and India Offices. Much 
time was spent, but, I regret to say, not very profitably, in examining 
the files of our more important newspapers and periodicals. Better 
results csune from foreign journals and the publications of learned 
These and other references to source^ of information will be 
Ip ttie cafelogue. 
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IX. Catalogue of Destructive Earthquahes in the Russian Empire, 
By Mushketoff and Oeloff.^ 

Abstracted by Mr. W. A. Tayloe. 

In the original catalogue we find 2,574 entries. Fi’Din these the 
foUowfngliave been abstracted as representing earthquakes of sufficient 
intensity to have caused destruction. 

In many instances the dates for earthquakes which occurred in 
Chinese territory do not agree with those given by Omori, Hirota, and 
Parker. An alternative date is marked O. Por registers prepared by 
t^ese three writers see vol. xxix. of the Reports of the Imperial Earth- 
quake Investigation Committee of Japan in Chinese idiographs. Reports 
of the British Association, 1908, p. 82, and 1909, p. 62. For Chinese 
lists we have also the * Catalogue Gdn^ral des Tremblements de Terre,* 
&c., presented to the Acad4mie des Sciences by Ed. Biot in 1839, and 
the recent work by the late Le E. P. Pierre Hoang (see ‘ Vari4t4s 
Sinologiques,’ No. 28, published by the Mission Catholique, Shanghai, 
1909). Dates from the latter are marked H. In many instances the 
Chinese dates may not refer to the time of an earthquake, but to tEe 
time at which it was notified in Pekin or some other city. 

I = Earthquakes which have produced slight damage. 

11= Earthquakes which have destroyed a few buildings. 

Ill = Earthquakes accompanied by widespread destruction. 

W.B. refers to dates according to the tables of W. Bramsen, ‘ Trans. 
Asiatic Society of Japan,’ vol. xxxvii. Names of Provinces are in 
parentheses. Places of greatest destruction are in italics. 


'a.©. 

341 

715 

775 

803 


989 

995 

1000 Mar. 29. 

1045 

1091 

1111 

1114 Mar. 12. 

1124 

1131 

1139 

1143 April 
1156 Oct. 26. 
for 14 months. 
1168 
1170 


Armenia, I 

Ismk-Membeji in Armenia, Constantinople. Ill 

Mozan and Daralagoz, Siyiinik Prov. HI 

Khogot Mountains, II 

Town of Bvin (Tovin) ? Ill 

Town of Dvin. Ill 

Environs of Erivan. HI 

Greece, Thrace, Byzantine Province, Constantinople. 11 

Armenia, Towns of Chapajar, Alhdkh ain/d AmU. Ill 

Throughout the known world. III 

Efzmgan, Ami and Ekeghiaz Prov. Ill 

Edessa and Antioch. Ill 

Van in Armenia. II 

Samosata, Ghizn-Mansur, Khesun, Marash, Kaben and Sis. 

Khorassan. in 

Ani in Armenia. II 

Ganja (Elisavetpol), Kapassi-dagh. Ill 

Tangut country in Tibet. 11 

Syria, between Aleppo and Maiatieh. Ill 

Erzingan. Ill 
Kief. Ill 


III 


^ Memoirs of the Imperial Russian Geographk(d Society, vol. xxvi., St. Petersburg^ 
1893. 
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A.3>. 

1196 May 3 (119S according to Likosten and Frigius). Poland, the Erzg^irge 

or 4, and the greater part of Germany. II ‘ * 

1219 Jan, 11. Mshkavank in Armenia. I 

1230 May 3. Vladimir, Eaef, Pereyaalavl, Novgorod and environs of Rostof, 
Suzdal and "nadimir. I 
1268 Erizingan- HI 

1283 Mtsket in Caucasus, 11 * 

1287 May. Erzmgan. II 

1308 Karabagh in Caucasus. II 

1319 Aararat Prov. and Ani in Armenia. Ill 

1348 Jan. 25. Hungary, Tyrol, S. Italy, Eome, Yenice^ Bale, Carinthia, Poland 
and Germany. I 

1363 Mush in Armenia. II « 

1374 Deo. 8. Erzingan. II 

1378 April 10. Ninghsia, Shanhan (Kansu)-, China. II (Hoang, April 30) 

1440 Oct. 26. Fortress Chuanglang in Lan-chou-fu, Shanhan (Kansu). TI 

(Omori has liang. There is a Lanchou-fu and a lianchou in 
Kansu). (Chuanglang T. of Liangchoufu). 

1443 Jxme 5. Bohemia, Silesia, Poland, Hwngary, I 
1458 Erzingan. Ill 

1467 June 9. Hsuanhua-fu (Chi-li), Tatung-fu (Shansi), especially Peiyuan and 
Shochm, (W.B. June 27.) 

1474 Oct. 27. Hoching (Yuiman). II 
1474 Bee. 11. langchou (Shansi). II 

(Qmori has an earthquake on November 24 and December 11 at 
Lingchou in Ninghsia-fu) (Kansu). 

1477 Mar. 19. Lmg-tao in Kungchang-fu, Shanhan (Kansu). II 

1477 May 13. Liang-ehou>fu, Yulin-&, Kan-chou-fu and Ninghsia-fu in Shanhan 

(Kansu), Yichou-fu (Shantung). II 

1478 Aug. Fort. Yangching (Sze-chuan). 11 (0. Chentu). 

1481 jMar. 10. Nanking, Fengyang-fu, Huaian-fu, Yangohou-fu, Hochiu in Chang- 

nan {sic Euangsu and Anhui ?), Yangchou-fu in Shantung and in 
Honan. I 

1482 Erzingan. HI 

1485 May 26, Tsunhuachou Shintian-fu (Chi-li). H 

1488 Sept. 28. Hanchou and Mouchou in Huangtai (Sze-chuan). II 

1494 Mar. 24. Chuching-fu (Yunnan). (Hoang, September 16.) HI 

1495 April 10. Ninghsia-fu in Shanhan (Kansu). HI 

1497 Chenting-fu (Chi-li), Nii^hsia-fu, Yulin-fu, Chenfan-hsien, linchou 

in Shanhan (Kansu), Taiyuan-f u, Tungmo (Shansi). I 
1501 Jan. 19 Repeated shocks in various x>a'rts of Shanhan (Kansu and Shensi), 
to Feb. 4. (Honan) and (Shansi). Olwmi-'hsien (Shensi). H 

1501 Mar. 5 to 

April 2. Puchou-fu (Shansi). I 

1502 Oct. 17. Nanking, Hsuchou-fu in Chang-nan (Kiang-su), Taming-fu, Shunte- 

fu (Chi-li), Chinan-fu, Tunchang-fu, Yenchou-fu, Puchou 
(Shantung). HI 

1505 July 10. Ninghsia-fu in Shanhan (Kansu). H 

1^5 Oct. 16. Nanking, Puchou-fu, Anyi and Wanchaan (Shansi). H (O. Octo- 
. her 9, 10 and 16.) 

1506 April 26 

and 27. Yunnan-fu and MumiJiuan (Yunnan). H 

1506 Aug. 28. Fortress Aoshanwei, Laichou-fu (Shantung). H 

1507 Nov. 4 

to 6. Yunnan-fu, Anohou, Hsinhsingchou (Yunnan). H 

1511 Nov, 17. TaE-fu (Yunnan), Hoching arid Ohienchuan, II 

1512 Oet.7 

aed 8. Foitess Tengchungwei (Yunnan). H 
1515 June 17 

to July 17. jbrtreBs Yungningwei (Yuiman). IH 
1^17 12. *®feiK®ag-(&ou, ^toghai, Hosi, Hsio (Yunnan). IH 
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1520 

Aug. 18. 

1523 

Jan. 

1523 

Aug. 14. 

1526 

May 21. 

1555 

Jaa. 23. 

1556 

April 1, 

1558 

Nov. 24. 

1561 

Feb. 21. 

1S61 

June 5. 

1562 

1568 

April 1. 

1568 

May 2. 

1574 

Mar. 10. 

1677 

Mar 12 
and 17. 

1580 

Sept, 5. 

1584 

June 17. 

1590 

June 27. 

1591 

1596 

1598 

Nov. 11. 

1603 

May 20. 

1604 

Oct. 15. 

1605 

July 3. 

1609 

July 2. 

1612 

May 24. 

1615 

Feb. 19. 

1620 

Feb. 24. 

1622 

Mar. 8. 

1622 

Oct. 15. 

1624 

July 7. 

1626 

June 18. 

1627 

Jan. 6. 

1627 

Feb. 6 


to Mar. 8. 

1631 

July 11. 

1641 

Feb. 5. 

1648 

1667 

April 2. 

1669 

Jan. 

1670 

1670 

Bee. 22 
and 23. 

1670 

Jan. 22. 

1671 

Aug. 8. 

1679 

June 4 
to 12. 


Fortress Chingtuwei (Yunnan). II 

Fenyang-fu in Changnan (Jiangsu), (Shantung), (Honan) and 
Shanhan (Kansu). I 
Fortress Tinghaiwei (CJheldang). II 
Tengchung (Yunnan), Annanwei (Kweichou). I 
(Shansi), Shanhan (Kansu) and (Honan), Huachm, W einan-lisien, 
Sanyuan-hsien and Puclmi-fu (Shansi). (Hoang, 
1556, January 23.) HI 
(Shansi). IH 
Huachou (Shansi). II 
Fortress Shantanwei (Kansu). II 

Taiyuan-fu, Tatung-fu (Shansi), Yuiin-fu, NmigTtsia-fUy Kuyuan 
in Shanhan (Shensi and Kansu). (Hoang, August 4.) Ill 
Kinghsia-fu in Shanhan (Elansu). II 

Ohingyang-fu, Huan-fu, Hangchung-fu, Ninghsia-fu in Shanhan 
(Kansu and Shensi), Anyi and Puehou-fu (Shansi), Yunyang in 
Huhuan (Hupeh) and (Honan). I 
Fenghsiang-fu, Hsian-fu, Pingling-fu and Chingyang-fu in Shanhaii 
(Shensi and Kansu). 11 
Ohangting (Fou-kien). II 

Tengyuehting (Yunnan). - HI 
Ghingfing-lu (Chi-h). 11 
Erzingan. Ill 

Lingtao (Kansu). (0. July 7.) II 
Shantanwei (Ohi-li). II 
Nizhni-Novgorod. IH 
Amasia and Chorum. Ill 

Chunghsien-hsien in Ghentiang-fu (present Anlu-fu in Hupeh). 
(O, and H. May 30.) II 

Kungchang-fu and litsuan-hsien in Shanhan (Kansu). (0. and H. 
October 25.) II 

Luehuan (Kwangsi). (0. July 14.) II 
(Kansu), especially Kunei and Tsingshui, (0. July 13.) Ill 
Tali-fu and Chuching-fu and Wuting (Yunnan). (O. July 2, 
H. June 3.) HI 

Yanchou-fu in Changnan (Kiangsu). (0. March 1.) H 
In Yunnan, Chaoching-fu, Huichou-fu (Kwantung), Chingchou-fu, 
Chengtan-fu (Hupei). (O. March 6.) I 
Chinan-fu and Tungchang-fu (Shantung). (0. ]March 18.) III. 
Pingliang-hsien and Lun^-hsien (Kansu). (0. October 25). HI 
Paoting-fu (Chi-H). (O. July 20.) H 

Pekin, Chinan-fu, Tungchang-fu (Shantung), Honan-fii (Honan), 
Tiantsin-fu, Hsuanhua-fu (Chi-li), Tatung-fu (Shansi). (0. 
June 28.) HI 

Ninghsia-fu in Shanhan (Kansu). II 

Ninghsia-fu. HI , . 

Idngtao-fu and Kungchang in Shanhan (Kansu). (0- July 22.) III^ 
Tabriz in Persia, and environs. HI 
Town of Van, Armenia. HI 
Shemakha in Caucasus. IH 
Shemakha and Lacha, Caucasus. Ill 
(Perhaps the same as 1667.) 

Shemakha. H 

Shemakha. HI 

Shemakha. II , ' ' 

Shemakha. H 

Erivan and neighbourhood as far as Ararat, (v. Hoff, 1680.) Hi 
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A.D. 

1680 Various parts of Europe and Asia^ especially Italy and Poland. I 

1700 June or 

July Nercliinsk in Siberia. I 

17 16 Dzungaria, Baikal and Zaisan, A on southern flank of Tian-shan. Ill 

1718 June 8. Singansan or Sinsusu (cap. of Shansi?) and in Tongwei and Tin- 
miuchin (Si-ngan, cap. of Shensi?) (June 10, Chinan, i» Chanchou, 
Tungwei, Kungchang-fu (Elansu) H.) II 
1710 July. Northern China. Ill 

1720 June 11. Pekin. (0. West of Pekin.) II 

1724 May 31. Pekin and many parts of (Shansi). Ill 

1725 Jan. 21. Chita in Transbaikalia and west to R. Selunga. I 

1731 Nov. 19. Pekin and neighbourhood. Ill 

1737 Oct, 6, Around Avacha in Kamchatka and Kuriles. Ill N.E. 4® x 1®.5. 
1737 Sept. 23 

and 

Oct. 23. (Perhaps identical with preceding). Nizhne-Kamchatka fort, II 
1737 Dec. 6. Kamchatka and the Kuriles. II 
1742 Peb. 7. Bering Island. II 

1742 June 16. Irkutsk. I 

1742 June 16. Bering Island. Ill 

1755 Nov. 1. The Lisbon Earthquake. Ill 

1756 Kamchatka. HI 

1758 Dec. 7. Russian Lapland, Kola town. II 

1761 Dec. 9, Kolyvan factory and Ubinskaya fort and Chagirskaya fort, W. 
Siberia. I 

1766 Province Pasin (Bassen) Armenia. II 

1769 Oct. 24. Irkutsk and Selenginsk. I 
1772 Peb. 18. Town of Kola, Russian Lapland. I 
1772 Deo. 5. Irkutsk, Selenginsk and Kiakbta. I 
1776 Dec. 9. Barguzin fort, Transbaikalia. I 
1779 Aug. 1. Irkutsk, Balagansk, Selenginsk, I 

1783 The Calabrian Earthquake, shocks felt this year also in parts of 

Asia, especially the Altai. 

1784 early in 

August Erivan, Armenia extending to Erzerum, MuaTi and Oyeghi. Ill 
1786 Peb. 27. Upper Sflesia, Bohemia, Hungary and Poland. I 
1788 July 22. Aleuiaan Islands in Unga. IH 
1788 in Spring. Prov. of Balu (Pain?). Ill 

1790 Apru 6. S. Russia, Galicia, Transylvania, the Bannat and Rumania, and felt 

as far as Constantinople. Ill 

1791 April 15. Nizhne-Kamchatsk. II 

1792 Aug. 23, Petropavlovsk, Nizhne-Kamchatsk, Paratunka and all east coast 

of Kamchatka. EL N.N.E. 4® x 1®. 

1798 May 23. Perm, Kungur and villages of Perm, Kungur, Oca and Verkhoturye 
districts. I 

1802 Oct. 26. From Ithaca and Constantinople to St. Petersburg and Moscow, 
especially in WaUadhiaj Moldavia and the south of Transylvania. 

m 

1802 Aleutian Islands. II 

1803 Jan. 8. Belostok, Grodno Government. I 

1803 Oct. 29. Tiflis. I 

1804 Oetwll. Tiflis, I 

1806 April 22. Irkutsk. I 

1806 Aug. 8. Krasnoyarsk. Ill 

1^ Max. 10. Viatka and district. I 

1814 Septi 3. Irkutsk, TnnJsinsh fort and surrounding villages, HE 

1814 17. Irkutsk and felt as far as Troitskoeavsk, 345 miles distant. I 

1817 Aprfl. Cltang-li (Sze-chuan). HI 

mo Jan.^, Tm. 1 

mo Msr. 7. Irkutsk and around the frontier post. I 

1821 Ndv. 17. Almost aR the south of Russia, esp^ially in Jassy in Rumania, 
Diflbossari, Nikolaief, Olviopol, Ochakof. I 
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A.D. 

1827 May. Kirensk in Irkutsk Government and in Petropavlovsk village, 
53 miles from Kirensk. I 

1827 Oct. 21 

to 23. Tiflis and Stavropol, Caucasus. I 
1827 Nov. 16. Santa de Bogota followed by earthquake in Okhotsk on the 
17ttL I 

1827 Juite. Commander Islands. Ill 

1828 Aug. 7 

to 14. Old Shemalsha, Shusha and many villages in the Caucasus. Ill 

1828 Mar. 7 

to 19. Irkutsk, Troitskosavsk, Kiakhta, Turansk frontier post. Ill 

1829 Nov, 26. Bukharest in WallacMa (Centre), WaUachia, Moldavia and Bea- 
rn aarcd)ia, and felt over all S.W. Russia, Galizia, Bukovina and 

Transylvania. Ill 

1829 Nov. 31. Barnaul and Suzun smelting-works. I 

1830 Mar. 9. Tiflis, Georgief district, Rizlar, Mozduk, Ekaterinodar, Andreiej 

village, Tarka, III 

1830 June 25. Vnezapnaya, Caucasus. II 

1830 June 26 Huaiching-fu (Honan) and parts of (CJhi-li), south of Pekin. (H. 

and 27. June 12-13.) HI 
1830 Dec. 4. Anapa and Taman Peninsula. I 

1830 Dee. 26. 230 miles from Pekin, perhaps identical with June 26. Ill 

1831 May 19. Turkinsk mineral springs, near Lake Baikal. I 

1832 Jan. 22, Bokhara, Kokand, Badakshan and Upper Oxus. HI 

1834 Feb. Anapa, Bugaz and shore of Abkhasia. I 

1834 July 10 Changte-fu (Honan), especially in the district of Wungang, west- 

to 22. wards to (Shansi), northwards to (Chi-li) and east to (Shantunie). 
(O. June 28-July 19.) Ill 

1835 April 21. Bessarabia and Biikharest, I 

1835 July 20. Lemberg. I 

1835 April 14. Pribylof Islands. Ill 

1838 Jan. 23. S.W. Russia, Wallachia, Moldavia, Transylvania, Hungary and 

Balkan Peninsula, m 

1839 June 28 

and 29. Village Fedorovka, Saratof Government, II 

1839 Aug. 18. Irkutsk and along the Selenga R. Ill 

1840 July 2. In the departments of Surmala, Sharur and Nakhichevan in the 

Talyshef Khanate and the Ordubat district. Ill 
1840 July 6-8. Ararat, Sharur and Nakhichevan districts. Ill 
1840 July 27. Ararat and Sharur. Ill 

1840 Dec. 7. Sharur and Nakhichevan. II 

1841 May 18. Village Kevragh, also in Nakhichevan. II 
1841 May 18. Petropavlovsk and Ostrovnoe. II 

1841 Sept. 22. Nakhichevan and neighbourhood. I 

1841 Dec. 25. Anapa, Nikolaievak and Vitaz. I 

1842 Jan. 2. Baku and neighbouring villages. Ill 

1843 Oct. 2. Bessarabia, Baltain Podolia, Soroki in Bessarabia and Odessa. I 

1845 May 24. Akhaltsyk and district. II 

1846 Jan. 11. Nakhichevan. I 

1846 April 23. Javaiisi, Kutais Government. II 

1846 Aug. 18. Jrhtdsk and Kirensk. I 

1847 May 15 Kushva, Verkhnaturye, Nizhnetuiye and Bisert Tnmftg and works 

or 16. in the Urals. I 

1848 Sept, 22 

to 25. Shemakha. I j 

1849 Jan. 29. Ishim in Tobolsk Government, I 

1851 April 13. Nakhichevan district in Erivan Government. I 

1851 Nov. 28. Okhotsk Dept, along coast of the sea of Okhotsk from the Taui to 

theJTuman post, 470 miles. II N.E. 3® x 1®,5. 

1852 June. (Kansu), China. Ill 

J852 July 24 Erzerum. Ill 
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1853 Jan. 18. Demijan monasteiy and village of Chubukhly, Tiflis district and 

' * ■ ' Sevanga Island. II , x i i tt 

1853 April 14. Shanghai ; village 30 miles from Shanghai completely ruined. 11 

1856 July 11. Shemakha. Ill ^ 

1856 Aug. 14 Southern part of (Chi-li), China ; YucUrtg, 20 miles from Pekm 

to 17. destroyed HI 

1857 Dec. 24. Semipalatinsk Province and Tomsk Government, espepiaUy Kok- 

pektinsk and Dst-ICamennogorsk. I^ 

1859 June 2. I Rlr Ti ft-nTm and neighbourhood, especially in the mountains Palenjukan 
and Yarlydagh HI 

1859 June 12 

and 13. Shemakha. Ill 

1859 June 26. Shemakha and Erzerum. I r 

1859 July 13. Tiflis and Erzerum. I 

1860 Nov. 4. Behi Kliuch, Caucasus. I 

1861 Eeb. 16. Sunday Islands. II 

1861 Eeb. 22. Copper Island, Bering Sea. I 

1861 Mar. 5. Shemakha. I 

1861 Dec. 17. Alkan-zhurt? and Samasha stations in the Caucasus. I 

1862 Jan. 12 Irkutsk, Selenginsk, Verkneudinsk, Chita, Petrovsk, Nikolaievsk, 

to 31. Upper and Lower Angora Districts. E.S.E. 9®.5 X 7^. II 

1862 A^pril28. Selenginsk. I 

1862 Deo. 19. Lenkoran, Shemakha and Shusha. I 

1862 Nov. 29. Shemakha. I 

1864 Jan. 3. Environs of Ardebela, Persia. Also felt at Lenkoran, Karabagb 
' and Shirvan. Ill 

1864 Jan. Hankovr, China. Ill 

1865 Mar. 22. Merke in Turkestan Province. I 

1865 May 22. Selenginsk, Irkutsk, Verkhneudinsk. I 
1865 May 27. Poretskoe, Simbir Government. II 

1865 Sept. Aroimd the Taishan Mountain (in Shan-Tung), China, III 

1866 Mar, 8. Verkneudinsk and Irkutsk. I 

1866 Aug. 25 

or Sept. 6. Petropavlovsk and Lyersny. I. II 

1866 Nov. 4. Sorold, Bessarabia. I 

1867 May 5. Pekin. I 
1867 May 7 

and 8. Selenginsk. I - 

1867 July 23. Telaf, Shemakha, Mukhravan, Zurnabad and Elizavetpol. I 

1868 Eeb. 4 Tashkent. 11 

1868 Eeb. 18. Akhalkalaki, Kvirila, Toporovan, I., and Axdahan in Kars Pro*, 
vince. I 

1868 Feb. 25. Erzerum, AJexandropol, Akhalkalald. II 

1868 Mar. 18. Telaf, Delizhan, Shusha, Jobrail, Zakatali, Shemakha, Belasuvar,. 
Chatakh. I 

1868 Mar. 21. Grozny and Gorachevodsk station. I 

1868 April 4. Tashkent. II 

1868 April 11. Kars and Nizhni-Pasin, Erzerum, Tiflis. U 

1868 June 30. Tsogonoi village, Tersk Province. II 

1869 Dec. 10. Khojent. I 

1869 Sept. 2. Shemakha and the Kuban district over 2,200 square miles. Most 
violent in Sundi, 12 miles from Shemakha. Ill 
1869 Nov, 1. Valley of the Barguzin river. Lake Baikal. 1 

1869 Dec. 26. Tiflis, Alexandropol, especially villages Malye, JamzhiH and Jan- 

shtan. Ill 

1870 April 11 

to 21. Batang (Sze-chuan), China, III 

1870 July? 

and 8* Eastern shore of Black Sea. I 

1871 Mar. 4, Irkutsk Government md Transba,ikal ProVince and North Mon- 

golia. I 
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1871 Dec. 11, Guiija, 06 miles west of Erivan, and in the Echmiadzin districfc. II 

1872 Jan. 28 

to Eeb.lQ, Shemakha and neighbourhood. Ill 

1873 Oct. 10. Monastery Kopenkovat, Uman District, Kief Government, II 

1874; Aug. 24. Nazran fortress, 16 miles from Vladikavkaz. I 

1875 July 25. Sebastopol and neighbourhood. I 

1875 Augi 7. Shemakha and its district. Ill 

1876 Aug. 17. Grubesheva, Lemberg Government. I 

1877 Aug. 8. Oni and Utseri on River Rion. I 

1878 Mar. 28. Bakhti fort in Sergiopol district. I 

1878 Mar. 31. Gorachevodsk convict settlement in the Caucasus. II 

1878 May 4. Village UUu-gatam in S. Daghestan, II 

18J8 July 16 • Eort Kishan-aukh, Tersk Province and neighbourhood. I 

1879 Jan. 8 Alaghir, Tersk Province. I 

1879 Mar. 22. Ardebela, villages on S. and S.W. foot of Savalan mountain, Armu* 
dagh and other places on road from Teheran to Tabriz. Ill 
1879. June 29. Dep. (Kuangsu), China. Ill 

1879 Oct. 9. Varenska, Gostagaievska, Troitzkaya and Kurgan stations in Trans- 
kuban Province. I 

1879 Oct. 28. S. Hungary and felt in Transylvania, Servia, Rumania and 

Bessarabia. Ill 

1880 Oct. 22. Shemakha. I 

1880 Deo. 2. Ferny, extending to Kurumdof and Karakul I 

1880 Dec. 25. Odessa and felt in Bessarabia and Rumania. I 

1881 Jan. 31. Petrovsk, Transbaikalia. I 

1881 May 30. Van, village of Tegut and environs. Ill 

1882 July 19. Temir-khan-Shura, Caucasus. I 

1883 May 3. Tabriz and most of Azerbaijan. I 

1883 Nov. 3. Karakoyunh, 30 miles from Erivan. II 

1883 Nov- 14 Tashkent and Osh in Eergana. I 

1883 Nov. 18 

to 24 Sultanabad, 20 miles from Osh, and Osh. II 

1884 Jan. 26. Tali-fu (Yunnan). IX 

1884 Dec. 19. Shusha. I 

1885 Jan. 12. Villages Kabansk and Barguzinsk, east of Lake Baikal. I 
1885 Middle 

of May. Village of Sikukli, N.W. of Derbent. II 
1885 Middle bf 

June. Village Shishkina, $3 miles from Orenburg. II 
1885 Aug. 3. Sukrduk, Belovodsk and Karabalti and extending to Tashkent, to 
Verny and to Hi. Ill 

1885 Oct. 9 

to 26. Tokmak district, Somroaohio- I 

1886 Jan, 4. Chembar, Penza Government. I 
1886 June 27. Shemakha. I 

1886 Nov. 8. Tokmak and Verny, I 

1886 Nov. 29. Tashkent. 11 

1887 Jan. 14. Semdpalatinsk, Usk-Kamennogorsk, Altai district and Biisk dis- 

trict. I 

1887 June 9 Verny, Sophiisk, Kopal, Gabrilovka, Aksu, Karakul (Przhevalsld), 
to 28. valley of the Hi. Ill 

1887 July 16. Batum, Ozuxgeti and Kviai. I 

1887 Sept. 9. Russian TxirlSstan, Verny. n 

1888 April In (Yunnan), especially the towns SMpin, Chenshui and Teiyuang^ 

ting. HI 

1888 May 16. Russia, Erivan. I 

1888 Sept. 16. Russian Turkistan, Verny and Pishek. I 

1888 Sept. 22. Ardahan, Okan, &c. II 

1888 Sept. 23. Transcaucasia, Batum. I 

1888 Sept. 23 

to 26. Kars and other places in the Kars Province. II ^ 
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A.X/J ^ 0, ►’ 

188S Kov. US, Tashkent, Khojent and places east of Tashkent. 

1888 Nov. 29. Vemy and Kopal. I 
1888 Deo. 3. Vemy. I 

A List of Destructive T^ari1fi(lut1ies in Iceland,^ 

Abstracted by 0. A. GoscM, Esq., from * Latidskjdlftar % Island!,^ 
by Thorvald Thoroddsen, Oopenhagen, 1899-1905. 

The work from which the following abstract has been made was 
issued by the Icelandic Literary S^cifety in two parts, of which the first, 
pp, 1-200, was published in 1899; thS second, pp. 201-266, in 1905: 

The relative ‘ destructivity ' is indicated by the numerals I, II, and 
III, see p. 57. 

Earthquakes in Iceland appear to be closely connected with local 
volcanic activity, and it is therefore convenient to group them accord- 
ing to the volcanic areas in which they originate, as Mr. Thoroddsen 
has done. Occasionally, however, an earthquake extends from one area 
to another, so that by this arrangement the same seismic disturb- 
ance may have to be mentioned in more than one list. The prin- 
cipal earthquake area in Iceland is that of the Sudurland, the southern 
part of the island, and particularly the Sudurland underland,® whicli 
means the lowlands in that part of Iceland. This district lies between 
the central plateau and the south coast, and is bounded to the east by the 
mountains about the Myrdals jokull, near the southernmost point of 
the island ; and to the west by a ridge, which on the western side slopes 
down to the Eaxa Bay (Eaxa floi or Eaxa fjordr). It is an alluvial 
plain, which fills up a prehistoric bay of the sea, in which isolated 
rocks and mountains represent ancient islands. The extent is given 
by Mr. Thoroddsen as ‘ 70 sq. milur,’ or about 1,300 English square 
miles. The principal seat of volcanic activity Here is Hekla, at the 
north-east corner of the district. The localities mentioned in Mr. 
Thoroddsen's list of earthquakes iij the Sudurland are situated partly 
in Arnessysla, partly in Eangarsysla; * sysla ’ being the appellation for 
certain administrative divisions. Arnessysla is the westernmost, the 
furthest from Hekla, and comprises the following subdivisions frequently 
mentioned — ^viz., Olfus, the westernmost, west of the river Olfusd, 
next P16i between the sea and the lower courses of Olfusd and Thjorsd; 
to the north of these, inland, are Grimsnes Thingvallasveit, Bishops- 
tungur, Skeid, and, finally, reaching up to the edge of the highland 
ice, the so-called Hreppar— viz., Eystrihreppur or Gnupverjahreppur 
and Hrunamannahreppur or Ytrihreppur, The river Thjorsd divides 

1 A second abstract of this work has been received from the Hon, S Allan John- 
stone, British Minister in Denmark. Although in both cases these registers represent 
the selection by independent workers of earthquakes which were destructive, the one 
confirms the other. 

2 In to. Thoroddsen’s paper the names are mostly given in the Dative case, 

governed by a; but in this abstract they are treated as would be English names 
andnot decUned. , . 
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ArnesSysla from Eangarsysla^ which comprises the districts of Holt, 
Land or Landsveit, Eangarvellir — ^the northern extremities of the two 
latter embracing the foot of Hekla — further to the east Hvolhreppur 
and Fli<f)tshlid ; finally, on the sea coast, Landeyjar and Eyafjallasveit. 

The earthquake area of the Faxafldi lies on the west coast of 
Iceland, and comprises the districts bordering on that bay with the 
peninsula whiph forms the south-west corner of the island, terminat- 
ing in Eeykjanes, near which, in the sea, is the principal seat of volcanic 
action here. In this area are B6rgarfj6rdr, Eeykjavik and Krisuvik in 
Guldbringasysla, which borders on Olfus in Amessysla. 

The earthquake area of the Nordurland or North Country, com- 
prises# the whole northern coast of Iceland from Hunafldi eastwards, 
and the centre of volcanic action here is the Myvatnsveit, the district 
round the lake of Myvatn, where a number of craters exist. 

The north-west part of Iceland, which forms a peninsula con- 
nected with the main island by a narrow neck, is rarely visited by 
earthquakes, at least noteworthy ones, and the same is the case with 
the east coast. Nor are many earthquakes recorded from the central 
part of the island or from the vast icebound, volcanic complex of 
mountains called the Vatna Jokull, which fills up the south-east corner 
of Iceland, The absence of more numerous fejords may, however, 
be due. to the desolate almost inaccessible character of the region. 

^ A Id&t of Destructive Barthquahes in the Sudurland, 

1013 * Great earthquakes.’ No date or particular locality is indicated. II 

1101 No direct xnention of an earthquake, but only that houses were destroyed 
* and peoplo ki&ed in connection with an eruption of a volcano in the interior, 

; theTrSladyngiur, literally the habitation of the gnomes, a name applied to 

several mountains in Iceland. No particular locality or date is given. II. 
1157 Earthquake in connection with eruption of Hekla, January 19. II 
1164 Earthquake in Grimsnes ; no date given. II 
1182 Earthquake; no date or locality indicated. 11 

1211 Great earthquake, July 7 ; the locality is not particularly indicated, but it is 
stated that on the day before there had been an eruption in the sea south of 
Keykjanos, resulting in the formation of some new ‘ Eldeyjar * or Fire 
Islands. A group of islands of that name is still in existence. II 
1240 Great earthquake throughout the south country ; eruption off Beykjanes,' 
No date. I 

1294 Great and widespread earthquake in Elidtshlid and Bangarvellir ; connected 
with an eruption of Hekla. No date is given. III ^ 

1300 Several earthquakes about Christmas time through the south country, con- 
temporaneously with an eruption of Hekla, which commenced July 10 and 
lasM nearly 12 months. Il 

130S Great earthquake throughout the South Country, No date. II 
* 13U Earthquake in the night between January 10 and II. No particular locality 
indicated, but it is stated that on January 25 there was an eruption in 
the AusturjSkulls. I 

1339 Severe earthquake throughout the South Country, May 22. It was felt 
mostly in Skeid, Eldi and Holt. Ill 
1370 Earthquake in the South Country about Olfus. No date, 11 
; I|^»90 Earthquake in the South Country* no particular place or date mentioned, 
; - : There were eruptions from HeHa, Trdlladyugjar and Sidu Jokull, II 

I|9i “ • A great earthquake throughout the South Country, particularly in Grimsnes, 
Clfqs,andE16i. Ill 

. ' Ea|^|^quake at Skalholt, about 20 miles west of Hekla, in connection with 

. ! an eruption of the Volcano on July 26, 1 . - 
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1546 Eartixquake at the end of May, mostly in Olfus. II ^ 

1662 Earthquake shocks at Candlemas eve .(March 2) ; no locality mentioned. I 

1554 Severe earthquakes which lasted through half a month, so that people had to 

live in tents. No particular locality mentioned, but it is stated that at the 
same time an eruption of Hekla was going on, which lasted six weeks. The 
date is given as between Crossmass (the Eostival of the Invention of the 
Cross, May 3) and ‘ fardag,’ which means the last four days of May, I 
1578 Earthquake in Olfus in the evening of All Saints’ Bay (November 1), supposed 
to be caused by an eruption of Hekla, which was going on during that 
autumn. II 

1581 Great earthquake in the month of May (between Crossmass and fardag), 
particularly in Ra'ngarvellir and Hvolhreppr. Ill 
1584 ‘ Great earthquake in Iceland, but it is not known in v/hat part it happened ; 

most probably, however, in the South Comitry.’ II m 

1597 Several severe shocks of earthquake at Skalholt on January 3, in connection 
with an eruption of Helda. In the same spring, after the eruption of 
Hekla, there was a destructive earthquake in (3lfus. II 
1613 An earthquake in the South Country, particularly severe in Skeid. II 
1019 Earthquakes after midsummer, also eruption of Hekla ; no particular date or 
locafity mentioned. I 

1624 Continual earthquakes all through November, particularly in Eloi. II 
1630 Three earthquakes during the winter, one on February 21, throughout the 
South Country. Damage done at Skalholt, &c. II 
1638 An earthquake in the South, did damage at Ulfus ; no date given. II 
1657 Great earthquakes in the South and in the West, mostly in Floi and in 
Fiiotshlid, where damage was done, March 16. Ill 
1671 Great earthquake in the summer in Grimsnes and 5lfus. Ill 
1693 Strong earthquakes all over the Sudurlandunderland, which were also felt at 
sea, connected with an eruption of Hekla which commenced February 13. I 
1706 In the course of the winter there were several earthquakes — ^viz., two in the 
evening of January 28, one in March, one on April 1, and the most severe 
on April 20 in the morning which wrought great destruction in Olfus. It 
was also felt in F16i and even, though weaker, in the Faxafldi area. Ill 

1724 Earthquakes in the month of August, mostly in Arnessysla, This disturbance 

reached Kri'suvik in the Faxafi6i area and was felt strongly at Heykjanes 
Skaga, II 

1725 Between Aixril 1 and 2 there were terrible earthquakes in Arnes- and Bangar* 

sysla. In the same morning fire burst out of the ground round Hekla. Ill 

1726 Earthquakes late in the summer in Bangarvollir. In the winter there had 

been an eruption in the Eastern Jokulls. II 
1732 Severe earthquake on Sept. 7 in Eangarvellir and Eystrihreppr ; the people 
took to living in tents, as the shocks continued for nearly half a month. II 
1734 On March 21 a severe earthquake occurred in Arnessysla, particularly in F16i. 
1749 A severe earthquake in the Sudurland, particularly in Olfus ; it was felt also 
in Borgarjordr and elsewhere in the Faxafldi area. II 
1762 Earthquakes occurred during the winter in Olfus. 11 
1766 Many earthquakes in the country round Hekla during an eruption which 
commenced April 5. The shocks were felt particularly to the south-west 
of the volcano and were destructive in Arnessysla, particularly in Olfus, on 
September 9 and 10. They spread west to the Faxafi6i area (Beykjancs) 
and south to the Vestmanna Islands ofi the coast. Two to four shocks 
were generally experienced every twenty-four hours. Ill 
1784 On August 14 and 16 there were severe earthquakes all over the Sudurland, 

^ the worst that had happened in Iceland since the land became inhabited.* 
They were strongest in Arnessysla and Bangarsysla, particularly the 
former, but were felt all over the south, and spread not only to the Faxa- 
fl&i area (Snsefell), but even to Isafjordr in the extreme north-west of 
Iceland. 

The Vestmanna islands also were severely shaken, and shocks were felt 
even in Skaptafellsysla, east of Bangarsysla towards the Yatna Jokvill# 

; The Bmmk disturbance lasted till Christmas, HI 
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1789 Severe earthquakes all over the south-west country, principally in Arnessysla. 

They commenced on June 10, and for a week after there was hardly any 
quiet time night or day ; there were scarcely ten minutes between the 
shocks, and some were felt afterwards during the summer. HI 
1797 Earthquake shocks occurred on September 19 in Hvolhreppr. I 

1799 Earthquake shocks were noticed in the morning of March 31 and the following 

da;^ in Eliotshlid and Landeyjar. I 

1808 An earthquake worth mentioning occurred. No date or locality given. I 

1810 A strong earthquake was noticed east of Hekla, and also southwards, 

October 21. I 

1828 Severe earthquake in Eliotshlid and Landeyjar. No date given, II 

1829 On February 21 and in the night following there were earthquakes all over 

Suduiiand. I 

1838 June 12 in the morning early a notable earthquake occurred at Eyrirbakki, 
in E16i, which was also felt in the Nordurland between Hunafloi and 
Skjalf andi ; at least there was an earthquake there on the same day. II 
In the south the shocks continued to June 17. II 
1845-7 Weak earthquake shocks occurred in the comitry round Hekla during an 
eruption which lasted from September 2, 1845, to April 6, 1846. They 
reached almost 28 English miles south-west of the volcano, but only 
9-14 miles north-east of the mountain. Shocks were noticed in various 
places in the district, especially from October 4 to 13, 1845, January 11 
to 18, March 5 and April 4, 1846, After the eruption had ceased, shocks 
were observed in this district on April 18, May 3 and 8, June 5, Novem- 
ber 26, 1846, and January 7, March 2 and 3, 1847. The shocks on May 3, 
1845, were felt also in the Eaxafldi area, at Krisuvik and Koykjavik, 
where shocks were felt also on May 4, August 31, 1846, and February 15, 
1847. During the eruption some shocks wore felt in the Nordurlandar, 
and sharp shocks were felt during Apiil and May 1847 at Grimsey, an 
island north of Iceland, just under the Arctic circle. I 
1868 EarthquaW in the Sudurland, Novemljer 1 and during the week following. 

This disturbance originated in the Faxafldi and is mentioned on the list 
for that area. 

1878 Earthquakes, February 27, in the whole of the south-west of Iceland, 
particularly in Land, Bangarvellir, the Hreppar, Eliotshlid, and the 
Vestmanna islands, hut were not felt in all places at the same hour. At 
the same time there was an eruption of flames, in the lava fields north of 
the Krakutind, to the north of Hekla, I 

1887 October 28. Earthquake at Eyrarbakki in Floi, whore the disturbance 
lasted 10 seconds, and the direction was from north-north- west to south- 
south-east ; at Kirkjuhfe in Bangarvellir, where the direction was from 
north-west to south-east ; also in Eliotshlid, Landeyjar, and Holt. This 
earthquake extended to the Faxafloi area. II 
1889 Earthquake shocks at Bangarvellir on April 19, the direction being from 
east-south-east, and at Eyrarbakki in F16i, April 30, where the first 
shook lasted throe seconds, but the principal one, a full second, the direc- 
tion being from east-south-east to west-north-west. I 
1896 August 26 and 27, and again September 5 and 6, more or less severe earth- 
quakes occurred in all parts of the Sudurland and on the Vestmanna islands. 
Several districts were shaken again on September 10. Ill 
These earthquakes were felt at several distant localities such as Hornafjord 
on the south-east coast, though not, as it appears, in the Skaptafellsysla, 
between the Sudurland underland and Hornafjord. They were felt at 
Beykjavik (August 26 and 27 and September 5), Borgarfjdrdr and else- 
where in the Faxafldi area, and on the north-west coast of Iceland even 
at Isaf jordr in the extreme north-west. Ill 
1899 The extensive earthquake in the Nordurland after New Year was felt in the 
Sudurland, particularly at Eyrarbakki (F16i) on February 27. I 
The disturbances qnthe Sudurland in 1887, 1889, and 1899 are not mentioned 
by Mr. Thoroddsen on his list of earthquakes there ; but in the list of earth- 
quakes in. tho Faxafloi, 


3 ? 
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A Libt of desiructm eartJiquahes about the Fcuieafloi, 

There are no old records of earthquakes in this area available. 

A I). 

1663 Earthquake at Reykjanes Skaga. No date. I 

1706 The great earthquake which devastated Arnessysla in the month of April 
would seem to have been felt, though faintly, near the Faxafloi, as it is 
mentioned in Mr. Thoroddsen’s list of earthquakes in thalj district, but 
all the details mentioned by him there refer to localities in Arnessysla. I 

1724 The earthquake in Arnessysla in August was felt at Reykjavik. 

1754 Earthquake at Krisuvik. No date indicated. I 

1825 January 18 and 21, shocks at Reykjavik. 11 

1860 September 20, earthquake shocks occurred at Reykjavik ; the direction was 
south-west to north-east. ^ 

In the middle of June and between December 30 and 31 weaker shocks were 
noticed, having the same direction. I 

1864 Earthquake in Reykjavik on February 16. I 

1868 Frequent and strong shocks occurred in the beginning of November at Reyk- 
javik and Borgarf jordr. They were also noticed in the Sudurland, Novem- 
ber 1 to 7. li 

1878 The earthquake in the Sudurland, February 27, was felt at Reykjavik j there 
were three shocks. 

1870 Strong earthquakes at the end of May at Reykjanes Skaga and Ki'isuvik. 

At the same time there was an eruption in the sea off Reykjanes, near the 
Geirfuglaskeri, the last breeding-place of the Great Auk. 

1887 The earthquake in the Sudurland, October 28, was felt at Reykjavik ; there 

were two not very strong shocks. I 

1880 October 13, strong shocks were felt at Reykjavik and other places round the 
Faxafl6i. These were scarcely felt in the Sudurland, wliich had suffered 
from an earthquake earlier in the spring. 

1896 The great earthquakes in the Sudurland in August and September were felt 
at Reykjavik, Borgarjordr and elsewhere round the Faxafloi. I 

1899 The extensive seismic disturbance in the Nordurland after Now Year was 
also felt round the Faxafloi, particularly at Reykjavik, February 27. I 
Several earthquakes iu the Sudurland at various times were felt .about the 
Faxafloi, but were not destructive. 

A List of desiructm mHltquahes in the Nordurland* 

As regards this area, too, early records of earthquakes are almost absent. 

12( 0 A great earthquake in the North, at Flatey, an island in the bay called Skjal- 

fandi. No date. II 

1618 Constant earthquakes continued night and day from harvest time to Christ- 
mas. Damage was done at Thingeyjarthing. 

1724 Earthquake, May 17, in Myvatnsveit in connection with a series of volcanic 

eruptions in that district which lasted to 1730, during which time earth- 
quakes were frequent. 

1725 Earthquake hx Myvatnsveit in connection with the first eruption of the 

volcano Leirhnukur, on January 11, and again April 19, in connection 
with the eruptieb of Bjarnaflaga. 

1 728 Several earthquakes occurred in the Myvatnsveit in comiection with eruptions 

from four different craters in the district. The strongest was on April 18, 
but many minor shocks were noticed all through that year. I 

1755 September 11 to 24, a series of earthquakes affected the north coast of Iceland 

along the shores of Skagafjordr, Eyjaf jordr and Skjalfandi. Damage was 
done at Husavik and several minor places. The disturbance reached 
Grimsey Island to the north of Iceland, but there was no earthquake in 
Myoatvisveit nor in other parts of Iceland. ^Ir. Thoroddsen mentions that 
on October 17 commenced a violent eruption of the Katla in the Myrdals 
Jokull, south of Hekla, near the coast, and te reminds his readers that 
the famous earthquake at Lisbon occurred a fortnight later. Ill 
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1838 In tlio night between June 11 and 12 an earthquake shook the north coast 
of Iceland, between Hunafloi and Skjalfandi, which was not felt strongly 
inland, but, like that of 1755, was very strong in the islands of the coast, 
Grimsoy and Drangey. The movement came from the sea and travelled 
from the north-east to the west to the interior. This earthquake was felt 
in the Sudurland at Eyrarbakki, June 12. Ill 

1807 December 31, in the early morning there was an earthquake along the north 
coast, particularly at Akureyri and Husavik, it reached to Vopnafjordr, 
on the east coast ; minor shocks followed in places to January 15, 1808. 
There was not at that time any eruption in the north country, but from 
August 27 to September 5 there had been an eruption in the Vatna Jokull 
in the south-east of the island. II 

187^ A great earthquake was felt at Husavik and Akureyri in the night of April 1 8 ; 

it was felt also at several other places along the north coast. II 

1874-5 From the week before Christmas to January 3, 1875, frequent but moderate 
shocks occurred in Myvatnsveit and throughout the Nordurland, mostly 
inland. Shocks continued near Myvatn to the spring, while eruptions 
took place in Dyngjufjoll, January 3, and again March 29, and also in the 
Myvatnsorjcfa on February 18, but they were not of importance. I 

1882 October 29, there was an earthquake in several places on the north coast, 
principally round Thistillf jordr, a bay near the north-cast corner of the 
island. 

December 21. The same district was affected, particularly Akureyri. I 

1884 November 2. Sharp earthquakes occurred at Husavik, Kelduhverf, and 

ThistiUfjodr. I 

1885 January 25, a severe earthquake at Kelduhverf and elsewhere along the north 

coast. Ill 

1897 May 3. Earthquakes occurred along the western part of the north coast. I 

1899 In the early part of this year there were frequent but not severe earthquakes 
in Iceland generally. The strongest occurred on January 30 and 31, and 
February 26-28, along the north coast from Bordeyri on the Hunafldi to 
Akureyri. On the west coast it was felt at Holt, on the Onundarf jordr, 
February 26, and on the same day at Beykjavik. On the 27th shocks were 
felt at Eyrarbakld in the Sudurland. At Bordeyri the direction is stated 
to have been south-east to north-west, at Grimsey the shocks were 
thought to come from south and south-west. I 

Besides the throe lists above abstracted, Mr. Thoroddsen’s book contains 
a general list of recorded volcanic eruptions and earthquakes in all parts of 
Iceland, among which the following may be noted, which are not included 
in the lists given above, as they occurred in Skaftafellsysla, which is not 
comprised in the Sudurland, but lies to the east of it. 

1721 On May 14 strong earthquakes were connected with the eruption of tho 
Katla in the Myrdals Jokull ; they extended to Eyjafjoll and Fliotshlid 
in tho Sudurland. 

3,727 August 2. There was a severe earthquake at Sandfell near tho Ormfa 
Jokull in eoimeotion with an eruption of that volcano. 

1783 June 1, a severe earthquake shook Skaftafellsysla ; the disturbance lasted 
till Juno 8, when tho groat Skaf Urges, an enormous eruption from Skafta 
fell, commenced. 

A Provisional List of Desirnctive Earthquakes of the Southern Andes^ 
south of Lai, 16^ (S, Peru, Chile, Bolivia, W, Argentina). 

By Count; Montessus de Ballobe. 

The relative * deetructivity ’ of different shocks are indicated by the 
numerals I, II, and III, see p. 57. 

A.n. 

1520 (t) S. Provinces of Chile. (?) 

1543 Tarapaoa, (?) 
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1562 Oci 28. La Imperial, Coast of Arauco. feea waves. XII 
1570 Feb. 9. Concepcion. Soa waves. Ill 
1575 Mar. 17. Santiago, II (?) 

1575 Dec. 16. La Imperial as far as Castro. Sea waves. Ill 

1582 Jan. 16. Arequipa. HI 

1588 W. Coast of S. America. (?) 

1604 Nov. 24. Ariea and Arequipa. . Sea waves, III 
1604 Dec. La Serena,' (?) 

1615 Sept. 16. Arica. Ill 

1632 Esteco (province of Salta). (?) 

1633 May 14. Carelmapu. Earthquake (?). Hurricane 

1643 Sept. G. Santiago. I 

1647 May 13. Santiago. Ill 

1650 Nov. 10. La Paz. II 

1657 Mar. 15. Concepcion. Sea waves. Ill 

1681 Mar. 10. Arica. (?) 

1688 July 12. Santiago. (?) 

1690 July 9. Santiago. (?) 

1692 Sept. 13. Esteco (Tucuman), (?) 

1715 Aug. 22. Moquegua. (?) 

1724 May 24. Santiago, (?) 

1725 Jan. 8. Lima and Arequipa. Ill 

1730 July 8. Concepcion. Sea waves. Ill 
1734 Mision of Tarija in el Chaco. (?) 

1737 Dec. 24. Ruin of Valdivia. HI (?) 

1742 Mar. 23. North of the peninsula of Patagonia, south of the Archipelago of 
Ohonos (Territory de Magellan). I (?) 

1751 Mar. 25. Concepcion. Sea waves. Ill 

1773 July 29. Copiapo. HI (?) 

1775 Mar. 17, Valparaiso, I (?) 

1782 May 22. Mendojsa. (?) 

1784 May 13. Arequipa, Arica, (?) 

1784 Good 

Friday. Arica and Valley of Tainbo. II 
1787 Feb. 1. Castro. I (?) ^ 

1787 Mar. 23. Arequipa. I 

1792 Nov. 30. La Serena. (!) 

1793 Aug, 7. Arica. (?) 

1796 Mar. 30, Copiap6 and Vallonar. Ill 

1801 Jan. 1. La Serena, III 

1813 May 30. Yea and Arequipa. (?) 

1819 April 4, 

3, 11. Copiapo. Ill 

1821 July 10. S. Peru, Oamana and Arequipa* III 

1822 Nov. 5. Copiapo and Goquimbo. II 

1822 Nov. 39. Valparaiso. Sea waves. Ill 

1829 Sept. 26. Valparaiso and Santi^o. I 
1829 Oct. 1. ' Santiago. I 

1831 Oct. 8. Arica. I 

1833 April 25. Huasco. I 

1833 Oct. 18. Arequipa, Arica and Tacna. II 

1834 July. Yea. (?) . 

1835 Feb. 20, La Concepcion and talcahuano. Sea waves. HI 

1836 July 3. Cobija. Sea waves, 

1837 Nov. 7. Valdivia. HI 

1843 Deo. 17. La Serena. I 

1844 Oct. 18. Salto, Tucuman, Santiago del Estero. Ill 

1845 Junes. Arica. I 

1847 Jan. 19. Oopiap6. I ^ 

1848-50 (?) Santa 6ruz de la Sierra (Bolivia). II 
1849 April 9, D^structibn of San Luis (Argentina). Ill 
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1849 Deo. 17. Coquimbo. With sea waves. I 

1860 Deo. 6. Santiago. II 

1861 April 2. Santiago. II 

1861 May 26. Province of Atacama. IT 
1864 Jan. 14. Minas de Cruz de Oailas (Coquimbo). I 
1869 Oct. 6. • Copiapo, I 

1861 Mar. 20. Mendoza. Ill 

1861 Aug. 29. San Carlos (Argentina). I 

1862 Pern 5. Mendoza. I 

1863 June 29. Arequipa. I 

1864 Jan, 12. Copiapo. I 

1866^ July 23. Copiapo. I 

1868 Aug. 13. S. Peru, Bolivia and North of 01:ile, Sea waves. Ill 

1868 Oct. 12. Copiap6. I 

1869 Aug. 19. Arica to Yea. Sea waves. I 

1869 Aug. 24. N. Chile and South of Peru. I 

1870 Mar. 23. Calama. (?) 

1870 Mar. 25. Mendoza. I 

1871 Feb. 23. Province of Cochabamba (Bolivia). II 

1871 Mar. 24. Santiago, Valparaiso. I 

1871 Oct. 6. Tarapaca. I 

1871 Oct. 22. Jujuy and Oran. Ill 

1873 July?. Central Chile. Ill 

1874 Oct. 26. Santiago. I 

1876 Feb. 11. Illapel, Salamanca and Chalinga. II 

1877 May 9, N. of Chile, Iquique. Sea waves. Ill 

1877 May 17. La Paz. I 

1878 Jan. 23. Iquique, Arica, Province of Tarapaca. I 

1879 Feb. 2. Magellan Territory and Tierra de Fuego. I (?) 

1880 Aug. 16. Valparaiso, Illapel and Quillota. I 

1882 Mar. 6. Department of Paclin.(Catamarca Argentina). II 

1883 Oct. 1. Arequipa. I 

1884 Nov. 26. Bolivia. I 

1887 Sept. 23. Yaouiba (Bolivia). I 

1890 April 24. San Felipe. I 

1891 Aug. 15. Central Bolivia. I 

1894 Oct. 27. La Rioja and San Juan. II 

1898 July 23. Concepcion. I 

1899 April 12. La Rioja, Catamarca, Tucuman, Rio Cuarto, Santiago del Estero. I 

1900 Oct. 23. San Luis. I 

1903 Aug. 12. Mendoza. I 

1903 Dec. 7. Vallenar. II 

1904 Mar. 19. VaUonar. II 

1906 Jxme 18. Valparaiso and Valley of Aconcagua. 11 

1906 Aug, 16. Valparaiso and Central Chdo. Ill 

1907 June 13, Valdivia. 11 

1907 Aug, 14. Mendoza.. I 

1908 Fob. 23. Sierra Gorda (Antofagasta). I 

1908 July 10. N. Chile, S. Peru, W. Bolivia. I 

1909 Feb. 11. Candarave (S. Peru). I 
1909 May 17. Tupiza (Bolivia). II 
1909 Juno 8. Chanaral and Copiapo. II 

1009 July 22. Sipesipo (Cochabamba, Bolivia). Ill 
1909 Sept. 20. Tinogasta, W. Argentina. I 
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Imestigaiion of the U'p'per At/inosphere in co-operation iokh a Com'- 
mittee of the Royal Meteorological Society. — Ninth Report of the 
Committee, consisting of Dr. W. N, Shaw [Chairman), Mr. E. Goeo 
[Secretary), Messrs. D. Archibald, C. Vernon Boys, G, J. P. 
Cave, arid W. H. Dines, Dr. R. T. Glazebrook, Sir J. Larmor, 
Professor J. E. Petavel, Dr. A. Schuster, and Dr. W. Wa-i^son, 

Meetings of the Joint Committee were held in the rooms of the Boyal 
Meteorological Society on October 20, November 2, 1909, March 8, 1910. 
The Committee arranged to take part in the wide scheme of international 
ascent for the week December 6 to 11, 1909. During that period 
registering balloons were sent up at twelve or more stations distributed 
over the continent of Europe besides those in this country, where 
arrangements were made for ascents at Orinan, N.B., and Pyrton Hill 
by Mr. Dines for the Meteorological Office, at Manchester by the Uni- 
versity, and at Ditcham Park, Petersfield, by Mr. 0. J. P. Cave. 

In addition to observations at land stations, registering balloons were 
to be sent up from the German cruiser ‘ Victoria Louise * near the West 
Indies, and Professor Palazzo arranged to make observations off the 
coast of Somaliland in an Italian vessel at the same time as a German 
boat, the ^ Planet, ’ was co-operating in the Indian Ocean. Observations 
of pilot-balloons were to be made from three vessels of the German 
Lloyd line, crossing the regions of the trade winds, and special observa- 
tions were to be made simultaneously on the Peak of Teneriffe. Eegis- 
tering balloons were to be sent up in the United States and India also, 
and cloud observations were made at observatories all over the world. It 
will be seen, therefore, how extensive a field of operations was included 
in the scheme. 

, The plan of the Joint Committee was to fill up a gap in the observa- 
tions in the British Isles by sending up registering balloons from a place 
in the West of Ireland and to secure pilot-balloon observations from Bar- 
bados, which had already been the scene of very successful kite, ascents 
by Mr. Cave. The British Association grant was specially allocated for 
the former purpose. 

The Committee secui^ed the services of Captain C. H. Ley, who had 
in 1908 been successful both with pilot and registering balloons in 
Ireland, and he decided, with the approval of the Oommifctee, to make 
Dliulough, a place in the extreme west of Galway, his base. 

Special arrangements were made in this country on account of the 
risk of losing the balloons in the sea if they were sent up in decidedly 
unfavourable conditions. The Meteorological Office sent telegraphic 
forecasts to the observers from Tuesday to Friday of the week of the 
ascents in order that they might send up two balloons on a single day 
near the middle of the week if favourable conditions prevailed rather 
than risk losing the balloons owing to unfavourable conditions later on 
;by rigid adherence to the general plan of one ascent at 7 a.m:. eaph day. 
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Thus at Pyrton Hill and Manchester the second balloons sent up on 
December 7 on the strength of a favourable forecast were both recovered 
and furnished good records, and the second ascent from Manchester on 
the 8th was equally successful. 

Altogether eighteen of the balloons sent up in this country were 
recovered, afnd fifteen of these gave records to heights exceeding 10 im. 
The results have not yet been discussed, but an inspection of them shows 
at once interesting features. On the earlier days of the week these 
islands were situated in a regibn of low atmospheric pressure in which 
the gradients were small. All the records for this period showed that 
the^ipper limit of the convective region of the atmosphere was reached 
at heights between 7*5 and 8*5 km., i.e., very much below the average. 
The conditions changed as a well-marked cyclone developed over Ice- 
land, and the greater part of the area of the ascents lay in the limiting 
region between this cyclone and an anticyclone whose centre was over 
the North of Spain. The height of the upper limit mentioned above rose 
simultaneously with this change to 12 km. or more at each station. It 
fell again as a fresh cyclone from the Atlantic advanced over these 
islands, and in the last ascent, made at Ditcham on the Saturday after- 
noon while the centre of the cyclone was still west of Ireland, the height 
had decreased to 10 km., which is about the average for that time of 
the year. 

It had been hoped that the ascents would furnish sufficient results 
to, admit of a similar representation of the temperature conditions in 
December to that for July shown a year ago by Dr. Shaw. The critical 
ascents were those from Ireland, and unfortunately these were not. a 
success. Balloons which might have proved quite satisfactory in normal 
July conditions turned out to be too weak for the weather prevailing at 
Dhulough iri the international week last December, and, instead of rising 
with approximately uniform vertical velocity until they burst, they 
developed leaks and on this account floated in the air probably long 
enough to get clear of the land. Only two of the six sent up were 
recovered, and these did not reach great heights. The results obtained 
were: — 

Height Surfaeo O'D 1*0 1*5 ' 2*0 3*5 3*0 km. 

if Doc. 9 

l^aporaturo ^ — 275° 270° 275° 273® 27P*5 

t i>ogro6s A y Second balloon reached 1’5 km. only. 

The observations made with pilot-balloons in Barbados have been re- 
ceived and are being dealt with by Mr. Cave. The heights to which the 
balloons were observed range up to 5 km. 

The Committee find that a stronger balloon than that ordinarily used 
can now be obtained at a slight additional cost, and they believe that by 
using such balloons a successful series of ascents in Ireland may bo 
obtained even in winter conditions. They therefore recommend re- 
appointment with a grant of 30Z, to carry out further experiments in 
conjunction with the international aspents in 1910-lJ, 
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Magnetic Ohservations at Falmouth Observatory.— Eeport of the Com^ 
miitee, consisting of Sir W. H. Pbbeoe (Chairman), Dr. B* T, 
Glazbbrook (Secretary), Professor W. G. Adams, Dr. Cheee, 
Captain Creak, Mr, W. L. Pox, Sir Arthur Buoker, and Pro- 
fessor Schuster. 

The results of the magnetic observations at Falmouth Observatory for 
1909 have been published in the Annual Eeport of the National Physical 
Laboratory, as well as in that of the Eoyal Cornwall Polytechnic 
Society. The mean values of the magnetic elements for the year are 

Declination 1*7® 48' *4 W. 

Inclination ........ 66® 30'’6 N. 

Horizontal Force ....... 0*18802 C.G.S, 

Vertical Force 0*43266 O.G.S, 

The instruments were inspected by Mr. Baker, of the Kew Observatory, 
in October 1909, who reports that they were then in good order, and 
that the results of the absolute measurements made on October 15 
were in good agreement with Mr, Kittens latest observations. The 
results of the tabulations for the year were also satisfactory. 

During the year the Magnetic Survey ship * Carnegie ' visited Fal- 
mouth, and was furnished with data of great value. An account of 
some of the results is given in a paper by L. A. Bauer and W. J. 
Peters, ‘ On the Complete Magnetic Eesults of the First Cruise of the 
** Carnegie/* 1909-10,’ published in * Terrestrial Magnetism ’ for June 
1910, from which the following is an extract: — 

' The desire therefore arose to make assurance doubly sure with 
regard to devia;tions of any kind-(oonstant or harmonic), and to swing 
the ** Carnegie ” in a locality as free as possible from local disturbances. 
Captain Chetwynd, Superintendent of the Compass Department of the 
British Admiralty, being appealed to for advice with regard to a British 
port fulfilling the desired conditions, recommended Falmouth. ’ 

The article also contains a comparison of the values of the magnetic 
elements at Falmouth with those already obtained by the American 
observers and the Biitish Magnetic Survey values dependent upon 
Eiicker and Thorpe’s observations, referred to October 18, 1909, ‘ with 
the aid of the valuable series of annual values of the Falmouth Magnetic 
Observatory.’ 

The figures are as follows : — 

D. r. H.F. 

* Carnegie ’ Shxp Observations . • 17® 45^*0 W. 66®30'*0 0*1873 

Land „ . 17^46'*! 66® 30'*4 0*1878 

British Magnetic Survey , . » 17® 44' *8 66® 29'T 0*1876 

from which it will be seen that the agreement is very close. 

The ma^etographs at Eskdalemuir are now working satisfactorily, 
-aud it is hoped it will be, possible to commence this year the regular 
tabulation of, results. In view^ of the importance of comparing tlie 
; regular magnetio variations obtained there with those found in the South 
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of England, the Committee think it most important that the Ealmouth 
observations should be maintained, and they ask therefore for reappoint- 
men, with a grant of 50L 

By an arrangement recently made between the Eoyal Society, the 
Meteorological Office, and the Treasury, the responsibility for the 
magnetic ancj, meteorological work at Kew and Eskdalemuir now rests 
with the Meteorological Office. The Committee therefore recommend 
that the name of Dr. Shaw be added to the Committee, and that he be 
the Secretary of the Committee. 


Geodetic Arc in Africa. — Report of the Conmittee^i consisting of Sir 

George Darwin {Chairman)^ Sir David Gill {Secretary), Colonel 

C. F. Close, and Sir George Goldie, appointed to carry out a 

further portion of the Geodetic Arc of Meridian NoHli of Lahe 

Tanganyika. 

The grant (lOOZ.) has been paid to H.M. Treasury, The field work for 
which the grant was made has been completed, and the computations 
are finished, excepting the final reduction of the observations of latitude. 

Report by Captain E. M. Jack, R,E. 

The measurement of a portion of the SOth meridian arc, to the 
cost of which the British Association made a contribution of lOOL, was 
carried^ out in the Uganda Protectorate in 1908-09, the personnel 
employed being as follows : — 

British Section. — Observers: Captain E. M. Jack, R.B., and 
Mr. G. T. McCaw, M.A. Assistants: Lance-Corporals Jones, R.E., 
and Page, E.E. Medical Officer: Mr. 0. L. Olievallier. 

Belgian Section. — ^Astronomer: Dr. Marcel Dehalu. Assistant: 
Captain G. Wangerm^e. 

The instruments used w^ere two 10-ihch Piepsold theodolites, lent 
by the Intercolonial Council of the Transvaal and Orange Eiver Colony ; 
and a 3-inch zenith telescope, lent by the War Office. 

Observations of terrestrial angles wei’e made to heliostats by day and 
to acetylene lamps by night. Angles wei'e measured on eight settings 
of the circle, two measures O.E. and C.L. being taken on each setting. 
Vertical angles were measured in the afternoon. 

Latitudes were observed at fourteen out of the sixteen main stations. 
The Talcoit method was employed, and usually 15 to 20 pairs of stars 
observed at a station. 

Azimuths were observed at three stations, at each end and in the 
middle of the chain. 

A base 16 J kilometes (lOi miles) long was measured. Six invar 
wires were used, three being kept for reference purposes only, and three 
for actual measurement. No standard bar was cairried. The base was 
divided into sections of about one kilometre, and each section was 
' measured twice, each measurement being made with twm wares. ■ A 
third measure of a section was made in the few cases when them 
appeared to be an abnormal discrepancy between the first and second. 
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In all, sixteen main stations were occupied. The chain of triangii- 
lation extended from 1° 10' N. to 1° 10/ S., and consisted of five figures, 
namely: a northern complex figure, including the base net; three 
quadrilaterals; and a southern tetragon, or quadrilateral with an 
additional centre-point. The width of the chain is about 30 miles ; the 
longest ray was 47 miles. ^ ^ ^ 

Every station was permanently marked with an iron or brass peg, 
surmounted by a large cairn of stones, in the centre of which was fixed 
an iron beacon. The Uganda Government was informed of the position 
of all stations. 

The work in the field took eleven months, from March 1^8 to 
February 1909, of which a month and a half was occupied in base 
measurement. The atmospheric conditions for observing were bad, 
and delayed the work considerably. 

The actual cost of the British Section was 3,750L A good deal of 
expense was saved by the fact that the majority of the officers and men 
had been on the Anglo-Oongolese Boundary Commission, and the 
expense of their journeys, camp equipment, &c., were thus saved to 
the Arc Survey. 

Preliminary computations were carried out in the field as much as 
possible, and found useful in the subsequent precise calculations. The 
latter were undertaken on the return to England, and are now practically 
completed. 

The absolute probable error of the base, taking into account all 
possible soui'ces of error, was. found to be 

dz 14.92 mm., or 1 in 1,108,000, 
a result which is considered very satisfactory. 

The average error of closure of the triangles was 

±0".812, 

and the probable error of an observed angle 

± 0".390. 

The final report, which includes a full description of the work of 
the survey, the methods adopted, the determination of the errors of 
the instruments, the measurement of the base, the adjustment of the 
triangulation, a discussion of the height of the datum point on Lake 
Albert, and the adjustment of the vertical observations, &o., is almost 
complete. There remains to be done the section dealing with the 
geodetic positions qf the points’^ The computation of ^ these positions 
from the triangulation is necessarily bound up with the results of the 
latitude observations, as an adjustment has to be made between the two. 
Unfortunately the latitude, results have not yet been received from 
M. Dehalu ; but as soon as they are, the final computation of the geodetic 
positions will be made and the report published. 

It may be mentioned that, in addition to the main work of the 
Survey, observations were taken with a view to determining the height 
of Euwen^ori and of the Mufumbiro volcanoes; and a connection was 
made, with the survey of Uganda. 

M. Dehalu also carried out a large number of magnetic observations. 
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The Study of Astronomy, Meteorology, and Geophysics, — Report of 
the Committee, consisting of Sir Arthur Eucker (Chairman), 
Professor A. E. H. Love (Secretary), Sir Oliver Lodge, Sir J. J. 
Thomson, Professors C. G. Knott, ]E. Eutherford, A. Schuster, 
and E. T. Whittaker, Drs. W. G. Duffield and G. T. Walker, 
and Mr. E. T. A. Innfs, appointed to report upon ike provision for 
ih^ Study of Astronomy, Meteorology (including Atmospheric Eleo 
tricity), and Geophysics in the Universities of the British Empire, 

In reply to a letter of inquiry, information was furnished by the acting 
heads of most of the Universities. The information in regard to Aus- 
tralasia was collected by Dr. Duffield, and in regard to South Africa by 
Mr. Innes. Dr. G. T. Walker contributed a resumS of the information 
in regard to India. All the information was received in 1909, but some 
of it too late for incorporation in a report to be presented at Winnipeg. 
The report was therefore deferred to this year. 

In asking for information the Committee suggested that provision, 
such as comes within its cognisance, might take the following, among 
other, forms: — 

(1) There may be Professors, Eeaders, Lecturers, or Demonstrators 
appointed to teach or give instruction in one or more of the subjects. 

(2) There may be occasional courses of lectures or practical instruc- 
tion, such as would be a course in geodesy given by a professor of 
astronomy, or a coui’se in terrestrial magnetism or atmospheric elec- 
tricity given by a professor of physics. 

(3) There may be facilities for the training of observers in meteor- 
ology, seismology, or other subjects of the group, in cases where thd 
University, or the city in which it is situated, possesses observing and 
recording stations. 

(4) It may be possible to secure such facilities as those referred to 
in (3) if they are sought by intending students. 

(5) Degrees, or diplomas, may be given by the university for pro- 
ficiency in the subjects or in some of them. 

(6) There may be scholarships or studentships by which pecuniary 
assistance could be given to persons engaged upon research in these 
subjects. 

(7) There may be prizes or medals for the encouragement of such 
research. 

The information received is summarised in the following statement : 
The numbers in brackets indicate the forms of provision according to the 
circular issued by the Committee; the capital letters indicate the 
-subjects, as follows: A., Astronomy; A.E., Atmospheric Electricity; 
G., Geodesy; G,P., Geophysics; M., Meteorology; T.M., Terres- 
trial Magnetism. For instance, the entry * (4) M.' means that 
facilities can be secured for training an observer in meteorology, 
y/hen additional information not coming under any of these heads 
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lias been furnished it is entered under the number (8). The num- 
ber (1) is used when regular courses of instruction are given; tlie 
number (2) when occasional courses are given. The Universities which 
are omitted from the list either sent no information or make no special 
provision for the study of any subject 'of the group. 

United Kingdom, 

Aberdeen. — (4) M. (6) Some scholarships available. 

Birmingham. — (4) M. (8) A small astronomical observatory. 

Cambridge. — (1) A. and M. (2) M. (3) A. and M. (4) A. (5) A. 
a subject for mathematical honours; degrees for research in ithy of 
the subjects. (6) Various endowments available. Some scholarships 
specifically assigned to A, (7) Medal for A. 

Dublin (Trinity College). — (1) A. (3) M. 

Durham. — (1) A, (3) M. (8) It is proposed to arrange for the 
study of M., with special reference to A.E., at Armstrong College, 
Newcastle-on-Tyne. 

Edinburgh. — (1) A. (3) M. and S. (6) Scholarship available. 
(8) A prize, open to the four Scottish Universities, is offered by the 
Scottish Meteorological Society for an essay on a meteorological 
subject. 

Glasgow. — (1) A. (2) G.P. (3) M. (5) A. a subject for Final 
B.Sc. (6) Two bursaries and a fellowship for A. 

Leeds.— (1) M. (3) M. 

Liverpool.— (1) A. (2)M. (3) A. (4)A.,S.,M. (6) Scholarship 
available. 

London. — (1) A. and M. (2) T.M. 

Manchester.— (1) M. (2) M. (3) M. (5) M., or any other subject 
of G.P., can be taken for an honours degree, also M. for diploma in 
pxxhliG health. (6) Two scholarships and one fellowship 'available. 
(8) Meteorology is recognised as part of physics. A lectureship has 
been assigned to it, but is not now filled up. Students have taken part 
in investigations of upper atmosphere and atmospheric electricity. 

Oxford.— (1) A. (3) A. and M. (4) A. and M. (5) A. a subject 
for' a final honours school ; degrees for research in any of the sub- 
jects. (6) Various endowments available. (7) Medal and prize for an 
essay on a subject of A. or M. 

Wales. — (1) A. (3) M. and at Cardiff. (8) A small astro- 
nomical observatory at Bangor. 

Canada, 

Kingston. — (1) A. (5) A. a subject for mathematical honours. 

, Montreal. — (1) A. (2) M. (3) A. and M. 

Toronto.— (1) A. (3) G. (4) A. at Ottawa. (8) Special courses 
are given to prepare" students for posts on Geodetic Survey. 

■ AusiraUsia. 

^■-Adelaide.— ( 2) M. and T.M. (5) A. a' subject for B.A. and 
B.Sc% 



She study of ASSROifOMY, MBTEOBOLOGY, and OEOfHYSlCS. 79 

m 

Melbouene. — (1) A. (2) Q. (6) Eesearcli scholarships available. 

New ZEAT.AND (Christohuboh). — (3) T.M. (5) A. a subject for 
mathematical honours, (7) Research medals available, 

Sydney. — (2) A. and G. (3) and (4) A., G., and M. probably in 
future. 

India, 

Mathemartical astronomy is generally a degree subject. At Calcutta 
there is a professor of A., and research scholarships are available for A. 

GeneraL 

Jn several Universities atmospheric electricity, terrestrial mag- 
netism, geodesy, meteorology, and seismology, or some of these sub- 
jects, are treated incidentally by professors of astronomy, physics, or 
geology ; and it was intimated that additional provision could be made 
for the study of such subjects if there were any demand for it. 


Bhctroanalysis, — Report of the Committee^ consistmg of Professor 
F, S. Kipping {Chairman)^ Dr. F. M. Perkih {Secretary), Dr. G. T. 
Beilby, Dr. T. M, Lowry, Professor W, J. Pope, and Dr. 
H. J, S. Sand. 

The work on electroanalysis has been further elaborated during the 
year by the publication of papers on the * Electro-deposition of Metals, ' 
by Dr. F. Mollwo Perkin and W. E. Hughes,^ and by Dr. H. J. S. 
Sand on ‘ Apparatus for the Rapid Electro-analyFical Separation of 
Metals/ - and ‘ The Electro-determination of Lead as Peroxide.' ® 

Perkin and Hughes have devised and experimented with new 
cathodes for the rapid deposition of metals. One simple, smooth 
cathode is in the form of an elongated thimble, and with this, when 
rapidly rotated, very smooth and even deposits can be obtained ; the total 
active electrode surface is about 16*3 sq. cm. Extended work has shown, 
however, that a platinum gauze cathode surrounding a spiral anode, 
which is rapidly rotated, gives the most satisfactory results., For 
separation of metals by means of graded potentials a funnel-shaped 
vessel with a tap for running off the electrolyte is used. -This vessel has 
a side tube fused into, it at about the centre to take the capillary of 
the auxiliary electrode. This form of apparatus gave very good results, 
and is very simple in working. 

The experiments referred to a year ago by Dr. Sand with an anode 
made partly of glass and a cathode of metals, other than platinum, have 
been completed by him, and will be published shortly. Satisfactory 
results for copper were obtained with a cathode of silver, and for zinc 
with a cathode of nickel. In the former case the electrolyte deposit may 

^ faradu^ Society, 1910* vi, ® Ibid,, 1009, v, ir>9. ® Ibid,, 1910, v. 207. 
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be removed from the electrode by a solution, of hydrogen peroxide U1 
diluted sulphuric acid. 

Experiments on the separation of the four metals — copper, anti- 
mony, tin, and lead — ^have been continued. In connection with this 
work it has been shown that chlorides exert a retarding influence on the 
deposition of copper. This is due to the formation of derivatives of 
cuprous chloride during electrolysis from which copper is only deposited 
at a high potential. The conditions for the separation of copper from 
antimony have been fully elaborated, and mixtures of the three metals 
—copper, antimony, and tin — corresponding to industrial alloys have 
*been successfully analysed. When lead is present in small quantity 
this may be deposited with the tin ; the greater part of the tin may after- 
wards be removed by making the electrode the anode in a solution con- 
taining sodium polysulphides. The lead may then be separated from 
the small quantity of remaining tin by means of nitric acid, and can 
afterwards be deposited electrolytically.^ 


Dynamic iBomerism, — Report of the Committee, consisting of Professor 
H. E. Armstrong (Chairman), Dr. T. M, Lowry (Secretary), Pro- 
fessor Sydney Young, Dr. C. H. Desch, Dr. J. J. Dobbie, Dr. 
M. 0. Forster, and Dr. A. Lapworth. (Drawn up hy the 
Secretary.) 


Ahsorpiion^Spectra of Camphor and its Derivatives. 

The study of a large number of derivatives of camphor^ has shown 
that a band is normally present at a frequency 1/3500, but penetrating 
only to log. thickness 2*6 (about 400 mm. of N/1000 or 40 mm. of 
N /lOO solution). This band appears even when the two hydrogen- 
atoms of the adjacent methylene group are displaced, provided that the 
new radicles do not possess any large residual afiinity ; but in compounds 


such as 


aa'-dibromocamphor, 




CBrj) 




and ao'-chloronitro- 


/COLNOa 

camphor, CgH^v I • > general [absorption is increased by the 

^00 

substituent groups, and the band disappears. The development of the 
band can only be attributed to the carbonyl-group, which is therefore 
capable of giving rise to a specific or local absorption : this is only of 
slight intensity, .and of such a frequency as not to give rise to visible 
colour, but it may be compared not unreasonably with the blue or green 
colour produced by the analogous chromophore — N=:0 in compounds 
such as t$r-nitrofiobutane. 


^ Preliminary note in Prac. Ohem. 4?oc., 1909, 25, 228. 

^ Trans. Ohem. Soc.^^ 1909, ^5, 807-823, 1340-1346; 1910, 67, 890-900, 905-921. 
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I'he introduction of 


second — C=0 group in ddiiipdiinds such as 

* ,C(CH3)CO.OCH3 

does not 
30 

intensify the band, as the two carbonyls are not copulated owing to 
the fact tha*t they are separated by two single linkages instead of 

/C=0 


methyl me thylcamphocar boxy late, | 


one. In camphorquinone C 8 Hi 4 ; 




, on the other hand, the band 


4\. > 

^0=0 

is brought right into the visible region at 1/2050 and its persist* 
encS is increased from log. thickness 0*3 to 1*6; the penetration of the 
band is, however, practically the same as in camphor, log. thickness 
2*6, the decrease in the frequency of the maximum absorption being 
accompanied by no marked increase in its intensity. The decrease of 
frequency gives rise to what Schutze has called a * deepening ’ of 
colour, an effect which he has conveniently described as ‘ batho* 
chromic, * in contrast with the ‘ hypsochromic ' action of compounds 
which cause an increase of frequency and a * lightening ’ of the colour, 

.C=:CH2 

In methylene camphor, C 8 Hi 4 / | , the introduction of the 

second unsaturated group produces an entirely different effect, the 
frequency of the band being unaltered, but its penetration increased 
to log. thickness 1*7. The copulation of the two groups is thus accom- 
panied by an actual increase of specific or local absorption, an effect 
which may be regarded as genuinely * auxochromic. ' 

A further increase of penetration to log. thickness 0*3 is produced 
by the introduction of a third unsaturated centre as in benzylidene 


camphor, 

camphor, Call] 4 / 

N| 


C ; CH.OoHs 

I 

CO 

0:CH.0E 


and the derivatives of oxymethyleno 


GO 

in the enolic compounds, 


The nature of the substituent radicle E 


(a) OsH 




C : CX.OE 


and (i) CsH 


/ 


c.co 


“'^dOE' 


has no marked influence on the penetration, but the frequency of the 
band decreases by about 200 units when sodium is substituted for 
hydrogen or methyl, whilst an increase of similar magnitude results 
from the displacement of hydrogen by acetyl ,* the bridging of the ethe- 
noid linhage, which is the main difference between the enolic formula 3 
(a) and (b), is accompanied by a decrease of frequency. 


1910. 


Q 
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!the Study of Hydro’diromatic SuhBtanceB. •^Report of the Committee^ con* 
sisting of Dr. E. Divees (Chairman), Professor A. W. Ceossley 
(Secretary), Professor W* H. Peekin, Dr. M. 0. FcJrster, and 
Dr. H. K. Le Sueur. 

Action of ethyl cyanoacetaie on 6-chloro-l: l<lhnelhyU A^-cyclo- 
hexen-S-one.*—ih.e action of ethyl cyanoacetate on chlorodimethyl* 
cyclohexenone^ might be expected, by analogy with the action of 
ethyl sodiomalonate on the same ketone,^ to give rise to ethyl 1 : 1-* 
dimethyl- -cyclohexen-3-one-5-cyanoacetate (I). But although the 
reaction pi’oduct possesses this empirical formula, it has properties 
which are incompatible with those of a substance of this constitution, 
for it behaves as a monobasic acid, forming compounds by elimination 
of water with aniline and monomethylaniline, and giving esters when 
heated with alcohol containing 5 per cent, sulphuric acid. In the latter 
case two isomeric methyl or ethyl derivatives are produced. When 
hydrolysed with acids, both the original condensation product and 
either of its ethyl or methyl derivatives are transformed into trimethyl- 
cyclohexenone (II). 




.CHj— C 

CN.CH.COA^s 


CH« 


An explanation of the behaviour of the condensation product is afforded 
by adapting Thorpe's formula for ethyl sodiocyanoacetate,® when the 
reaction would be formulated in the following manner. The initial 
additive compound (III) would lose the elements of sodium chloride 
forming ethyl 1 : l-dimethylcyolohexan-S-onylidene-6-cyanoacetatq 
(TV) and by tautomeric change, ethyl" 8-hydroxy-l ; 1-dimethyl- A®- 
cycloliexenylidene-6-cyanoacetate (V). 

(OHAC<c^;foO>CH, (CH.),c<o^;^oVh 

0N.A:0(0Na).0CjH. CN.O.OOAH 5 CNi.COAH. 

(Ill) (IV) (V) 

The last formula accounts for all the observed properties of the sub- 
stance, including its ability to form two ethyl derivatives which can be 
represented as cis and trans modifications. When either of these ethyl 
derivatives is hydrolysed with potassium hydroxide in ethyl alcoholic 
solution, B-ethoxy-1 : 1-dimethyl- A^ -cyclohexenylidene-5-cyanoacetic 
acid (VI) produced, which on heating loses the elements of carbon 

1 Crosby and GiUiTig, 1910, 97, 618, 
a idid., J.OM,, 1909, 96, 19, 


« 1900 , 77 , 925 .- 



THE STUDY OE HYDRO-AROMATIC SUBSTANCES. 


83 


dioxide with formation of 3-ethoxy-l : 1-dimethyl- A® -oyclohexeny- 
lidene-5-acetonitrile (VII). 

^ “ II 

CN.C.OOOH 

(VI) 

Although somewhat stable towards alkali this nitrile is readily hydro- 
lysed by acids with formation of 1: 1: 5-trimethyl- A-* -cyclohexen-3- 
o»e (II). When chlorodimethylcyclohexenone is condensed (a) with 
the sodium derivative of ethyl methylcyanoacetate, the product is 
hydroxydimethylcycJohexenylidenepropionitrile 

(CHo)=0<CSg-COH^QH 

II 

CH 3 .C.CN 

the carbethoxy group being eliminated as ethyl carbonate; (b) with 
ethyl sodioacetoacetate, the product is the same as with eihyl 
malonate, namely, ethyl dimethylcyclohexenoneacetate, ethyl acetate 
appearing as a by-product. The elimination in these reactions of ethyl 
carbonate and ethyl acetate respectively is probably governed by 
spatial considerations. 

3 : B-Dichloro-o-xyUne and 3 : 5’dichloropliilialic acid. ^ — The 
main product arising from the action of phosphorus pentachloride on 
dimethyldihydroresorcm (I) is 3 : 6-dichioro-l : 1-dime thylcyclohexa- 
diene (II), but a by-product is also formed which was thought to be 
3 : 5-dichloro-o-xylene (III). 

(1) (If) 

(III) 

This structure was assigned to the latter substance because there did 
not appear to be any reason to presume that, in the conversion of the 
hydroaromatic into the aromatic clichloro-(ierivative,41ie chlorine atoms 
would alter their positions. During the reaction, however, a methyl 
group must have wandered, and this was shown to have migrated to 
the ortho-pbsition, because on oxidation an acid (3: 5-dichlorophthali'c 
acid) was obtained which readily gave an anhydride, and also the 
fluorescein i"eaction. 

In a recent number of the ^ Berichte ’ ^ Villiger described the 
preparation of three of the four possible dichloro-o-phthalic acids 
(Cl: 01, 3: 6, 3: 4, 4: 5) by the direct chlorination of phthalic anhy- 
dride. Villiger points out (i5id., p. 3532) that a fourth isomeride was 

1 Crosslcy and Wron, J.C*S., 19X0, 97, 98^ ? JSer., 1909, 49, 3529 

o % 


ON.CH 

(VXl) 
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described by Grossley and Le Sueur in 1902,^ and I'egards the acid as 
3 : 5-dichloro-o-phthalic acid, although ‘ its constitution has never 
l^een controlled. ’ 

3 : 5-dichloro-o-xylene has now been prepared from 3 : 5-dmitro-o- 
xylene by means of the diazo reaction, and oxidised to 3 : 5-dichloro- 
phthalic acid. A detailed comparison of the properties of these 
synthetic products with those obtained as above mentioned from 
dimethyldihydroresorcin shows them to be identical, as seen from the 
following tabulated statement: — 

From dimethjrldihydro- From 3 : 5-diniiro- 

resorcin. c-xylene. 

. Yellow, refractive liquid ; Yellow, refractive liquid ; 
slight aromatic odour. slight aromatic odour. 

B.p. 226^ m.p. 3-4°. B.p. 226°, m.p. 5-7°. 

. M.p. 175-176°. M.p. 176°. 

. M.p. 164° (previous soft- M.p. 164° (previous soft- 
ening) with evolution ening) with evolution 
of gas. of gas, 

Bichlorophthalic anhydride M.p. 89°. M.p. 89°. 

Dichlorophthalanil . . M.p. 15C-.150°*5. M.p. 150°. 


Dichloroxylene , « 

Dichlorodinitrox^dene 
Dichlorophthalic acid . 


Hydro-aromatic Icetones .^ — ^In continuation of the work previously 
described ® 1 :1 :2-trimethylcyclohexan-3-one has been prepared from 
trimethyldihydroresorcin as a starting point, the various steps involved 
being indicated by the following formulse: — 


C(CH3), 


C(CH.03 


H,C 


CH 


H,C 


CH.ClIg 

CO 010^5:;^ 

OH 

OU.CH, 


H,C\^ 


00 


CH, 


-> 


CO 


c(cn,), 

^"^CH,CH, 




HjC^^CHOH 

CH, 


C(CH,), 


H,C 


COCH, 


(I) 


HjC'v^XCOOH 

CH, 


1-1 : 2-tnmethylcyclohexan-3-one is a colourless liquid, boiling at 
190^/750 mm., and when oxidised with potassium permanganate yields 
S -acetyl- f-methylhexoic aoid (I), which fact definitely establishes its 
constitution. The investigation of this ketone is being continued, 
partly on account of the similarity in the groupings which it contains 
with those of the camphor molecule. 


^ Trans., 81, 1533. ® Unpublished work, 

* CSrossley and Renouf, 1907, 91, 63. 
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The Transformation of Aromatic Nitroamines and Allied Substances^ 
and its Relation to Substitution in Benzene Derivatives, — Report 
of the Committee, consisting of Professor P. S. Kipping {Chairman), 
Professor K. J. P. Orton {Secretary), Dr. S. Ruhemann, Dr. A* 
Lapworth, and Dr. J. T. Hewitt. 


I . — The Chlorination of Anilides and the Transformation of Acylchloro- 

aminobenzenes. 

{With W. J. Jones, B.Sc,) 

In summarising his views on substitution in aromatic compounds, 
Armstrong ^ expressed the belief that in the formation of derivatives 
of anilines and phenols, the reagent united directly with the nitrogen 
or oxygen, the residual valency of these atoms coming into play. In 
the case of anilines and anilides the definite compounds, which can 
often be isolated, nitroamines, chloroamines, &c., were held by 
Armstrong to be ‘ a necessary stage in the formation ' of the substituted 
aniline or anilide, the process of conversion being ‘regarded as one 
of isomeric change.’ He suggested further that, as part of the 
mechanism of the change, ‘ the centric benzene nucleus assumed 
momentarily the highly unstable ethenoid form. ’ 

Later, Armstrong^ discovered that the chloroaminobenzenes were 
only converted into the isomeric chloroanilides in the presence of 
hydrochloric acid. Blanksma * showed that under the conditions under 
which he worked the reaction was of the first order, and the speed 
proportional to the square of the concentration of the hydrogen 
chloride. It had been suggested by Orton* that all such isomeric 
changes of the N-substituted derivatives under the influence of an acid 
catalyst were due to the formation of a complex or salt (I) in which 
the nitrogen was quinquevalent. This compound was capable of 
undergoing an intra-molecular rearrangement, in which the benzene 


Clo + Ar.NHAc 


HCl + Ar.NOlAc 


Cl Cl 

\/ 

AcNH 

I 

/\ 

I 


Cl 

1 

AcNH 

A< 

lillAl ^ 

AcNH 

j 

+ HC1 


\/ 

Cl 

1 

AcNH 

AcNH 

II 

1 

/\ 

/\ 


1 1 +HC1 




^ Reports, 1899- 

® Becmil des Trav» QMm,, 1903, 290, 


2 Trans. Ohem. Soc., 1900, 77, 1051. 
^ Froc» Boy, Soc.^ 1902, 71, 16C. 
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nucleus shared, assuming an o- or ^^-quinonoid fotm (II). The sub- 
stituting group wandered in this rearrangement into the o- or p- 
position. Thus the rigid adherence of anilines and anilides to the 
ortho-para law was accounted for. 

Subsequently Acree ^ adopted the formation of the complex as the 
cause of the arrangement of chloroamines, and showed how, on this 
assumption, the speed of the change is proportional to the square of 
the concentration of hydrochloric acid, for the concentration of the 
reactive complex is proportional to the square of the concentration of 
the hydrogen chloride if it be ionised, thus : — 

AnNHAcOla Ar.NOlAc + H’ + CP. 

The discovery (by Orton and Jones -) that an equilibrium existed 
between chloroamine, hydrogen chloride, anilide, and chlorine, thus: 
K= [chloroamine] [HOI] / [anilide] [Oh] ; or, when the medium is 
65 per cent, acetic acid, or more dilute 

K* = [chloroamine] [HCl]*/ [anilide] [CIJ, 

showed that other factors had to be taken into account. This 
equilibrium may be represented thus: — 

Ar.NHAc + Ch complex Ar.NClAc + HCl, 

a relation which has been stated by Acree as a possibility. The facts 
of the case, however, do not appear to require in any way the existence 
of such an intermediary. 

The discovery of the formation of free chlorine and anilide when 
hydrogen chloride reacts with chloroamine has led us to a new in- 
vestigation of the transformation of chloroamines, and of the process 
of halogenation of anilides. 

The Catalyst , — A great difficulty in the * way of the ‘ complex 
hypothesis ’ is the fact that hydrochloric acid alone has the power of 
bringing about the isomeric change of the chloroamine. Acree believed 
that other acids, and even chlorine and bromine, were similarly, but 
less powerfully, effective. But although we have examined this point 
very closely we have not been able. to confirm his view. 

In dilute acetic acid, when no hydrochloric acid has been added, the 
change of the chloroamine occurs at first slowly, but gathering speed. 
Hydrogen chloride can always be detected. Thus in 65 per cent, 
acetic acid after half the chloroamine (initial concentration 0‘025 gram- 
molecule per litre) has disappeared tV of the chlorine initially present 
in the chloroamine is found as hydrogen chloride. 

^ The addition of sulphuric acid (nitric, perchloric, or hydrofluoric 
acid) somewhat increases the rate of change, some 10 per cent, of 
the chlorine appearing as hydrogen chloride during the first half of the 
reaction. 

The action of halogens was tested in carbon tetrachloride solution, 
(Obviously petroleum, which was used by Acree, is unsuitable for 
such experiments.) With acetanilide, chlorine reacts instantaneously 

* Amer. Oh&m, 1907, 38, 258. 

» Tram, Ohm; Soc,j, 1909* 95* U; Beports^ 1900. 
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in this solvent, the insoluble p-chloro- derivative sepai'ating imme- 
diately- With the chloroamine there is no immediate reaction, then 
after an intei-val, extending occasionally to days, a change begins, 
which finally attains considerable speed (Diagram I. fig. 2); crystals 
of p-chloroacetanilide appear as soon as saturation for this substance 
is reached. If the quantity of chlorine suffices, further chlorination 
of this contpound, and still more, of the soluble o-chloro-derivative 
which is produced simultaneously, follows. 

In both reactions the halogen attacks either a minute quantity of 
anilide present with the chloroamine, or, more probably, a trace of 
■some impurity, yielding hydrogen chloride or bromide, which then 
reacts with the chloroamine. In carbon tetrachloride it has been 
shown (by the aspiration-method) in the case of anilides which do 
not chlorinate, that the reaction, Ar.N01Ao+H01=Ar.NHAo + OP, is 
quantitative. 

In the case of bromine the reactions are (after the formation of a 
trace of Hydrogen bromide) : — 

Ar.NClAo + HBr = Ar.NHAc + BrCl « Br Ar.NHAc + HOI ; 

Ar.NClAc + HCl = Ar.NHAc + Cl^ j CI 3 + Br^ « 2BrCl. 

Bromine chloride has been shown to be stable in carbon tetrachloride 
and other anhydrous solutions, and to be a most powerful brominating 
agent of anilides. The reactions proceed until the bromide is exhausted, 
when chlorination begins. 

These experiments show further that chloroamines cannot be directly 
chlorinated or brominated. 

Comparison of the Direct Action of Chlorine on Anilides with the Conversion 
of Chloroamines in the Presence of Hydrochloric Acidt 

1. In glacial acetic acid the two processes, chlorine on anilide 
and hydrochloric acid on chloroamine, give an identical rate of 
chlorination. It is a reaction of the second order, for acetanilide 
kii=40, and for p-chloroacetanilide kii=0'21. In glacial acetic acid 
the equilibrium, Ar.NHAc + Oh Ar.NClAc+HCl, gives an inappre- 
ciable amount of chloroamine and hydrochloric acid. 

The effect of small quantities of water is to accelerate the chlorina- 
tion in a direct ratio. But after the addition of 4 to 5 per cent, the water 
begins to affect the equilibrium and favours the production of chloro- 
amine and hydrochloric acid. 

The speed of chlorination when the system is made up of chloro- 
amine and hydrochloric acid still continues to increase, but as the 
curve I. shows, only to a composition of the medium 92 per cent, 
acetic acid, when the speed begins to decrease. Curves II. and III. 
show respectively the falling-off in two systems in the amount of 
chloi’ine and anilide with dilution of the acetic acid, 

2. In dilute acetic acids the rate of formation of C-chloro- 
derivatives is very different in the two cases. On bringing together 
anilide and chloidne a very rapid formation of both G-chloro- and 
N-chloro-derivative occurs, a very small proportion of the chlorine 
(measured by aspiration) remaining free in the system. The relative 
proportions of the two compounds, which vary with the anilide and 
the composition of the medium, is shown in Table I. 
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DIAGEAM I.— Fig. U 

I. s Change in quarter-period of conversion of acetylchloroamino-^*< 3 hlorobenzene 
with concentration of the acetic acid medium. 

II. = OI2 +jp-chloroacetanilide. 

III. = CI2 + 2 : 4-dichloroacetaDilide. 



4 


Percentage of chlorine free in the system. 


Gram-mol 
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Table I, 

Matio of . fi-oyii Interaetwn of ChZovim and Anilide. Tx 1 6®, 

GhUvomMide 


Medium. 

Percentage Acetic Acid 
(by Volume) 

Acetanilide 

jfj.Cliloroaootanilide 

0 

007/1 


30 

0-082/1 

0-93/1 

60 

' 0-08/1 

1-26/1 

63 

0 083/1 

l‘55/l • 


The N-chloro-derivative slowly disappears and is replaced by the 
chlorinated anilide. 

The conversion of the chloroamine in the presence of hydrochloric 
acid, on the other hand, is a slow, regular, apparently monoinolecular 
reaction, the speed of which is, in dilute (below 60 per cent.) acetic 
acid, proportional to the square of the concentration of the hydrochloric 
acid. Table II, shows, however, that this relation only holds within 
narrow limits. 


Table II, 


Medium 

Acetylchloroamin obenzene 

Cone. 0-025 

Acetylchloroamino-p-cHorobenzene 
Cone. 0*026 

Dilute Acetic 
Acid 

Cone. HCl 

h 

n 

Cone. HCl 


n 

50 per cent. 

66 per cent 

1 75 per cent. 

i 

] 

] 

0-025 
005 
0-026 
0-06 
0-025 
t 0-05 

0-00039 
0*0016 
0-0026 ' 
0-0078 
00126 1 
0-43 J 


1 

1-94 

1-60 

170 

r 0-026 

1 0-060 
r 0-025 

1 006 

0-076 

0-00063 
000136 
0-0023 1 
0-0062 ; 

0-0093 

! 

1-36 

1-33 

1-43 

1-27 


Under ' n * is given the values from the equation 

whence 

/ -IS- 

further, the apparently inonoraolecular character of the reaction is not 
maintained throughout the change. The product, the chlorinated 
anilide, even when incapable of further chlorination, exerts a disturbing 
influence causing a decrease of the rate. This is well shown in tlie 
case ol p-chloroacetylchloroaminobenzene, which yields 2 : 4-dichloro- 
acetanilide. 
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Experiment A. — /^-chloi’oacetylchloroaminobenzene — 0*025 gm. mol. 
per litre. HOI = 0*025 gin. mol. Medium, 65 per cent, acetic acid. 

Table III. 


Time (in Minutes) , , , 

128 

213 

300 

407 

590 

758 

954 

• 

Percentage of chloroamine 
converted 

2G2 

39*1 

48-6 

67-2 

07-4 

73-2 

78-2 

7/x ..... . 

0-0027' 

0-0023 

0-0017 

0 0017 

0 0016 

0*0012 

0-001 


Experiment B. — As in experiment A, but in addition 1 gm. mol. 
proportion of 2 : 4-dichloroacetanilide. 


Table IV. 


Time (in Minutes) 

18 

100 

801 

428 

687 

826 

1096 

Percentage of chloro- 
amine converted 

1-72 

7-8 

212 

32-1 

41*1 

45-4 

64 8 

. . . . 

0 0007 

00007 

0*00076 

0-00078 

0-00076 

000072 

0-00072 


In order to understand more fully the influence of the anilide which 
is produced on the conversion of the chloroamine, the effect of the 
presence of a second anilide on the equilibrium between chlorine and 
anilide must be considered. 

Equilibrium between Chlorine and Anilide in Byeteim containing more than 

one Anilide. 

If one gram molecular proportion of an anilide, B, is added to a 
system prepared from one molecular proportion of chloroamine of 
anilide A, and one molecular proportion of hydrochloric acid, a rapid 
readjustment occurs to a final equilibrium which is in accord with the 
two equations : — 

[Chloroamine A] [HCl]*/ [Anilide A] [Ol.,] = Ka. 

[Chloroamine B] [HCl]'-* /[Anilide B] [Cl J = Kb. 

Since [Cl^j] and [HC1]“ are identical in the two equations, we have: — 

Chloroamine A . Chloroamine B 
“■“AHUde A '^Anilide B ^* 

In 65 per cent, acetic acid, the [01^] is generally negligible, and hence 
the relative amounts of each anilide and chloroamine can be easily 
calculated. When the [Olg] has an appreciable value, the oalculatrons 
of the composition of the system involves the solution of a quintic 
equation. 

In 90 per cent, acetic acid and above the equilibrium equation 
contains the first instead of the second power of the concentration of 
the hydrochloric acid, and the calculation of the composition is by 
means of a cubic equation which has been solved. Thus in a system 
made up from molecular proportions (0*025 gm. mol. per litre) of 
s-tribromoacetanilide, hydrochloric acid and acetylchloroaihino-p-nitro- 
benzene (or, from p-nitroacetanilide, hydrochloric acid and acetyl- 
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chloroamino-s-tribromobenzene), 59 per cent, of the clilorinc originally 
as chloroamine was found to be free, whilst 60 per cent, was the 
amount calculated. For compai'ison in the system prepared from 
5 -tribromoacetanilide and chlorine, the fi'ee chlorine is 57 per cent., 
whilst in that prepared from p-nitroacetanilide^ and chlorine, the free 
chlorine is 89 per cent. ^ 

In the case of p-chloroacetanilide and 2 : 4-dichloroacetanilide quoted 
above, where the value of K (in 65 per cent, acetic acid) for the former 
is 8*1 and for the latter 4*47, it is calculated that ifi the system when half 
the chloroamine has been converted into 2 : 4-dichloroacetanilide, the 
concentrates of the anilides and chloroamines are as follows: — . # 

[>-Cl.CeH4.NClAc] = [2 : 4-01..C«H3 .NHAc] = 0*0072, 
[.?^-Cl.CflH^.NHAc] = [2 : 4-C4C«H3.N01 Ac] =0*0063; 

that is the concentration of the chloroamine, which is changing, is 
0*0072 instead of 0*025/2 = 0*0125. 


Chlorination of an Anilide by ike Chloroamine of another Anilide* 

The chloroamine of such an anilide as 2 : 4-dichloroacetanilide is in 
the presence of hydrochloric acid a chlorinating agent for acetanilide. 
Thus in 65 per cent, acetic acid rapid chlorination follows the addition 
of a gram molecular proportion of acetanilide to gram molecular pro- 
portions of the chloroamine and hydrochloric acid (where 6 per cent, of 
the chlorine is free). The chlorination is far more speedy, iS:i=0*42, 
than in the transformation of acetylchloroaminobenzene, =0*0026. 

In 50 per cent, acetic acid, where a far smaller percentage of 
chlorine is free, k^ = 0*00039 for the transformation of the chloroamine, 
and 0*01 for the action of the chloroamine on the anilide. 


Measurement of the s'peed of the Of^osing Eeaciions in the Equilibriums 
III [Ar.NHAc] [CIJ = hm [Ar.NOlAc] [KC\}\ 

Since the action of chlorine on acetanilide is very rapid the chlorina- 
tion of acetanilide by a chloroamine and hydrochloric acid gives a means 
of determining the value of the co-efficient km and since Jcn /I'm is 
known also the value of kn* When the concentration of acetanilide 
is so large that the velocity of the chlorination is not increased by 
further rise in the concentration of the acetanilide, it is obvious that 
the speed of the total change is controlled by that of the interaction of 
the chloroamine and hydrochloric acid, the slowest step in the series. 
That is the speed of the chlorination [chloroamine] . [HOI] The 
chloroamine alone varies in concentration, hence the velocity of the 
reaction is expressed by an equation of the first order. For two deter- 
minations of the amount of chloroamine, p and g, at times t and we 
have therefore : — 


.loga|=X; 
t—to q 

or 


A,„ = X/[HC1]> 

The Talues of in and im are shown for a number of anilides in the 
foilowii:^ table (V.). 
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Table Y. 


Anilide 

Medium. 
Dilute Acetic 
Acid 

^iii 

K 

Icii 

^-nitroacetanilide . 
jp-chloroacetanilide 
^-chloroacetanilide 

2 : 4-dichloroacetanilide 

2 ; 4-dichloroacetanilide 

60 per cent. 
50 per cent. 
65 per cent. 
60 per cent, 
65 per cent 

109 

4-6 

22 

15 5 

91 

8-1 

[69'8 ?] 

4 47 

178‘2 
[1,081 ?] 

406 8 


The Interaction of Acetanilide with Acetyhhloroamino-p-chlorohenzene and 
• Hydrochloric Acid, 

The effect of the presence of an anilide on the conversion 
of the corresponding chloroamine — for example, of acetanilide on 
the conversion of acetylchloroaminobenzene, or of p-chloroace- 
tanilide on that of the acetylcHloroamino-p-chlorobenzene — is small. 
In the first instance, owing to the equilibrium, the concentration of 
the chloroamine is increased and that of free chlorine reduced. But 
in 60 per cent., or even in 65 per cent., acetic acid, the proportion of 
free chlorine and anilide is so small that relatively little alteration of 
concentration of the chloroamine is brought about, but the alteration 
in the chlorine is considerable. Thus, taking as an example the system 
made up from p-chloroacetanilide and chlorine, the proportion of free 
chlorine is 0*4 and 5*3 per cent, in 50 and 65 per cent, acetic acid 
respectively, but on adding one molecular proportion of the anilide 
this drops to about 0*2 per cent, in the latter medium. The velocity 
of chlorination increases in the ratio 1*19/1 in 50 per cent., and in the 
ratio 1*22/1 in 65 per cent. With acetanilide, where the proportion 
of free chlorine is somewhat less, the ratio of the velocities is 1*13 /I. 

When acetanilide and the chloroamine of p-chloroacetanilide inter- 
act in the presence of hydrochloric acid the result is very remarkable 
and instructive. The acetanilide is alone chlorinated; the amount of 
2 :4-dichloroacetanilide is insufficient to admit of detection. On com- 
paring the velocities the remarkable character of the reaction is made 
more clear. In 50 and 65 per cent, acetic acid the reactions are of 
the first order. (Diagram II., figs. 3 and 4.) 

Table VI. 


j 

hi in 60 
per cent. 

hi in €5 
per cent. 

P.CI.O 6 H 4 .NCIAC HCl -> 2 ; 4-Ch.C«H«.NHAc .... ' 
CeHs.NClAc + HCl-^t>-andji?- 01 .C«H 4 NHAc . . . . 

j?;.C 1 . 0 «H 4 .NC] Ac -f HCl + OeHs.NHAc and ^;-Cl CeH 4 .NHAc 

0-00063 
0-00039 
0 0016 

0 0023 
0-0026 
0-0092 


In both media the speed of chlorination of acetanilide by the 
chloroamine of p-chloroacetanilide is far more rapid than the con- 
version of the chloroamine of acetanilide into the isomeride. In 50 per 
cent, acetic acid the conversion of acetylchloroamino-p-chlorobenzene 
is faster than that of acetylchloroaminobenzene. Although the experi- 
ments on the changes occurring when an anilide is added to a mixture 





Concentration of chloroamine in gram*molecules per litre. 
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EIACtRAM JL^-FlO. B. 

'-dxidt curves in 60 per cent, acetic acid. • 

L = 0,H,.NClAc + I-ICl. 11. = jp-01C„H,.N01 Ac + HCl. 
III. - OgHs NHAc + j?-ClCoH,.N01Ac + HCl. 
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Concentration of ohloroamine in gram-molecnles per litre. 
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diagram IL— Fia. 4. 

‘^dxjdt curves in 65 per cent, acetic acid. 

IV. =j>-C10„Hj.N01Ao + HCi. V. = C^Hj.NClAc + HCl 
VI. =i)-C10.H,.liIClAo + O.Hs.NHAc + HCl. 



Time in hours. 
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of the chloroamine of another anilide and hydrochloric acid, show that . 
in this case the chloroamine of acetanilide may be formed,- yet the 
relation of the velocities of the C-chlorination in the various systems 
make it impossible for the chlorination of the acetanilide to take place 
by way of the chloroamine. If that were the route, the process could 
not be faster than when the starting-point was the chloroamine of 
acetanilide. Further, when on the other hand the chloroamine of 
acetanilide and hydrochloric acid interact with p-chloroacetanilide in 
50 per cent, acetic acid, a slow chlorination occurs, and, in spite of 
the difficulty of isolating small quantities of 2 :4-dichloroacetanilide 
from such a mixture, its presence was undoubtedly demonstrated by 
the isolation of the pure material; that is, some chlorination of 
p-chloroacetanilide took place. 

Mechanism of Chlorination {and Bromination) and of ike Conversion of 

Chloroamines, 

The experiments recorded in the foregoing leave no doubt that the 
chloroamines cannot be regarded as even occasional intermediaries, 
much less necessary intermediaries in chlorination. They would 
rather appear to be by-products.^ 

The residual valency of the nitrogen atom was urged by Armstrong 
as the prime factor in bringing about the initial union of the substi- 
tuting agent and the anilide. Such a substance would be, in chlorina- 
tion, the compound, Ar.NHAcCla, identical with the complex formed 
from chloroamine and hydrochloric acid, already referred to. 

If the existence of this reactive complex be assumed, our experi- 
ments enable one to deduce a number of its properties. 

(i) The action of chlorine on acetanilide and p-chloroacet anilide in 
various dilutions of acetic acid, show that the rate of formation and 
of change of the complex into the substituted anilide must increase 
rapidly with dilution of the acetic acid. 

(ii) The concentration of the complex (in any case minute) must 
rapidly decrease with dilution of the acetic acid medium, in a system 
which has attained equilibrium, since the velocity of 0-chlorination in 
a system prepared from chloroamine and hydrochloric acid decreases 
with the dilution. 

(iii) Inasmuch as the rate of C-chlorination in diluted acetic acid 
is so markedly faster when chlorine and anilide are allowed to interact 
than when the system is prepared from chloroamine and hydrochloric 
acid, the rate of change of the complex into a C-chloro-derivative must 
be greater than into the N-chloro-derivative: — 

Ar.NClAo+HCl. 

Ar.NHAcOij 

ClAr.NHAc + HCl. 

^ They can Only be regarded as intermediaries when hypochlorous acid acts on 
an aniKde, for then the chloroamine only and no C-ohloro-derivative is formed, 
Introdnotion of hydr^en chloride is required, however, for the conversion of the 
chloroamine into the v-ohloro-compound. 
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On the other hand, in acetic acid of high concentration, 90 to 100 
per cent., the rate of change of the complex into chlorine and anilide 
must be much faster than into chlorinated anilide : — 

ClAr.NHAc + HCl 

Ar.NHAcOL 

• '^^-♦■Cl,+Ar.NHAc; 

for the rate of C -chlorination is the same whether the system is made 
up from chloroamine and hydrogen chloride or from chlorine and 
anilide. 

(iv) The complex formed from acetanilide may be compared with 
that formed from p-chloroacetanilide. Since the speed of chlorination 
of acetanilide is very much greater (200 times in glacial acetic acid) 
than that of p-chloroacetanilide, the rate of formation of the complex 
from acetanilide and of its transformation are the more rapid. Never- 
theless in dilute acetic acid, 50 per cent., the rate of conversion of 
acetylchloroaminobenzene (fcj =0*00039) is slower than that of acetyl- 
chloroamino-p-chlorobenzene = 0*00053); hence it must be assumed 
that the complex is produced at a slower rate from hydrogen chloride 
and acetylchloroaminobenzene, or, what would have the same effect, 
its concentration is very much smaller than in the case of p-chloro- 
acetanilide. Moreover, the contrast is emphasised by the fact that the 
speed of chlorination of acetanilide by the chloroamine of p-chloro- 
acetanilide is relatively high. Here it must be assumed that the very 
fast formation (and rearrangement) of the compound of acetanilide 
and chlorine, the latter being set free by the reactions 

01 ^. 0 , H3 NHAc + HCl 

i>CLC,H,.NClAc + HCl C1.0,H,NHAcOl2 

Cl.C8E4.NHAc + Cl , 

keep the concentration of the compound, Cl.GeH^.NHAcCL, at vanish- 
ing point and thus prevent the formation of 2 :4-dichloroacetanilide. 

Alternative Hypothesis^ Direct Action of Halogen on Anilide 
or on a Dynamic Isomeride, 

It may well be asked whether the facts of chlorination and the 
transformation of the chloroamines require for their interpretation the 
assumption of the existence of a complex with many-sided characters 
and capable of undergoing an intramolecular rearrangement in which 
the wandering group is a chlorine atom. 

The specifi^c part played by the hydrogen chloride in the transforma- 
tion of the chloroamine, and the fact that this reagent causes the 
production of chlorine and anilide, and the results of numerous experi- 
ments, which may be summarised in the statement — ^whenever chlorine 
and anilide are present at maximum concentration the speed of chlorina- 
tion is highest — are more, or at least as, simply accounted for by direct' 
interaction of chlorine and anilide. 

An example may be found in the relation between the rate of con- 
version of the chloroamir^e apd the concentration of the hydrogen 

1910 . H 
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cliioride* iBlanksma showed for acetylchloroaminobenzene that the 
reaction was of the first order, and the velocity proportional^ to the 
square of the concentration of the hydrogen chloride. Assuming the 
conversion to be due to the setting free of chlorine and anilide followed 
by direct chlorination, then 

^^[chloroan^lide] Jdt sa Aii[anilide][Ol 2 ]. • 


But 

hence 


K[aiiilide][0l2] ® [chloroamine][HCl]* j 
^^[chloroanilide] jdt^ ^jj[chloroainine]£HCl]®/H 


[chloroamine] equals approximately the chloroamine originally present, 
when the amount of anilide and chlorine in the system in equilibrium 
is very small, as in the case in media below 60 per cent, acetic acid. 
[HCl] is constant. Hence 


(^[chloroanillde] j&t a ^n.Oonat.[cliloroamine] / K a ^'[chloroamine], 


a reaction of the first order. 

But it still remains to suggest causes for the extraordinary 
reactivity of anilides towards substituting ageirts and their rigid 
adherence to the ortho-para law. The hypothesis may be put forward 
that the constitution of anilines and anilides, similar to but in a less 
degree than p-nitrosophenol, permits of the passage into a dynamic 
isomeride of quinonoid structure, which is accompanied by the wander- 
ing of hydrogen of the imino group to the o- or p-position. It is this 
isomeride which is reactive. The almost exclusive occurrence of 
0 - and p-quinonoid compounds accounts for the position taken up by 
the substituting group. Just as with the hypothetical intermediary 
complex, a change of structure of the benzene nucleus is assumed; 
but here the mobile hydrogen atom and not chlorine migrates. 

Further, this suggestion 'brings out the close analogy of the anilines 
and anilides with the phenols, where there is little evidence for the 
formation of compounds of the substituting agent with the oxygen, and 
much other evidence for the occurrence of a quinonoid structure. 

This suggestion, on the other hand, relegates to the background 
the attractive view of the part played by the latent valency of the 
tervalent nitrogen, which permits of a ready means of primary union 
between the substituting agent and the anilide. 

Flurscheim ^ has attempted to account for the laws of substitution 
in aromatic compounds by reference to latent or I’ather partial valencies 
of certain of the carbon atoms in a monosubstituted derivative of 
benzene; with certain substituents the attractions on the hydrogen 
atoms in the o- and p-jk)sitions, and with others in the ^n-position, are 
loosened, and hence more readily resubstituted. It is obvious that this 
view is independent of intermediate compounds, and would harmonise 
generally with the facts of chlorination as recorded in the foregoing. 

Beoently Lowry* has discussed this subject, and has suggested 


I irnm. Pma 1905, [2], 71, 497; m., 1907, [2], 70, 
» Science Frcgrecs, 1909, 3, 616 ; 4, 213, 
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various ways in which the facts may be accounted for. He points 
out that the migrating group is always present in the system, whenever 
isomeric change is taking place. 

II . — Brominaiion of Anilides and the Conversion of Bromoamines. 

• {With W. J. Jones, B.Sc.) 

The interaction between bromoamines and hydrobromic acid only 
differs in degree from that between chloroamines and hydrochloric 
acid. Tintometric measurements have shown that in acetic acid of 
all dilutions the reaction is quantitatively 

Ar.NBrAc + HBr = Ar.KHAc + Brg. 

The direct bromination of the anilide is therefore always identical 
with the conversion of a bromoamine under the influence of hydro- 
bromic acid. 

The bromination which results when a chloroamine is treated with 
hydrogen bromide (or a bromoamine with hydrogen chloride) is a far 
more rapid process. In both these cases bromine chloride is formed 
and is the brominating agent. 

Bromination, however, differs in one respect very markedly from 
chlorination in that hydrobromic acid and bromide exert a powerful 
retarding influence. Thus in the presence of four molecular pro- 
portions of hydrobromic acid, bromine does not act on acetanilide in 
glacial acetic acid at 16^. Hydrochloric acid, even when present at 
8 to 10 times the concentration of the chlorine, has a scarcely percep- 
tible effect. 

The bromide exerts its maximum effect in glacial acetic acid. 
Addition of water reduces the effect, and as Fries ^ has shown, dilute 
acetic acid is the best medium for bromination of anilides. Thus in 
one of our experiments, in 75 per cent, acetic acid, using the molecular 
ratio, 8HBr rBrg rCgHs.NHAc, three-quarters of the acetanilide was 
brominated in twenty minutes. p-Chloroacetanilide in glacial acetic 
acid is brominated too slowly for easy measurement; in 50 per cent, 
acetic- acid, ifcii=0'36, and in water =12. 

The cause of this influence lies in the union of the bromine with 
bromidion forming Br'^. We hawe shown by the method of aspiration 
that in glacial acetic acid, when bromine and hydrobromic acid are 
in molecular proportions, 75 per cent, of the bromine is combined with 
bromidion, but as the acetic acid is diluted the percentage of free 
bromine rapidly increases. In water we obtained by our method for 
the equilibrium, K= [Brg] [Br'] / [Brig] , values similar to those found 
by Jakow'kin^ (by measurement of the distribution ratio between w^ater 

and carbon tetrachloride); our value for is 0*62, and Jakowkin’s 

K«°=0-63. 

^ Annalen, 1906, 346, 128, 


3 Zdt Phjs, CJtem,, 1896> 20, 38. 
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The Study of Isomorphous Sulphonic Derivatives of Benzene . — 
Eefort of the Committee, consisting of Principal Miers {Chairman), 
and Professors H. E. Armstrong (Secretary), W. J. Pope, and 
W. P. Wynne. 

In the previous report it is pointed out that a clue to the interpreta- 
tion of the results put forward in earlier reports had been foimdfin 
the theory correlating molecular structure with crystalline form recently 
advanced by Messrs. Barlow and Pope. 

During the past year the results obtained by the examination of 
twenty-nine derivatives of the 1 : 4 series have been discussed from 
the point of view of this theory and found to be in complete accordance 
with it. The investigation is published in two papers printed in the 
current August number of the ‘ Transactions of the Chemical Society. ' 
It is hoped that the examination of the ortho- and meta- series will 
be completed during the coming year and that it will then be possible 
to summarise the I’esults of the inquiry in a final report. 


Erratic Blocks of the British Isles. — Report of the Committee, con- 
sisting of Mr. R. H. Tiddeman (Chairman), Dr. A. R. Dwerryhouse 
(Secretary), Dr. T. G. Bonney, Mr. P. M. Burton, Mr. F. W. 
Harmer, Rev. S. N. Harrison, Dr. J. Horne, Mr. W. Lower 
Carter, Professor W. J. Sollas, and Messrs. Wm. Hill, J, W. 
Stather, and J. H. Milton. 

Reports have been received during the year from three districts, in 
each case through a local Society : The University of Durham Philo- 
sophical Society, per Dr. Woolacott; the Hull Geological Society, per 
Mr, J. W. Stather, P.G.S., and the Belfast Naturalists’ Field Club, 
per Miss Mary K. Andrews. 

NoRTHUx^rBERLAND AND DuRIIAM. 

Reported hy the Boulders Committee of the University of Durham 
Philosophical Society. 

(1) Reported hy Dr. Woolacott. 

(a) Old sand-pit, North Moor Lane, Silksworth, near Sunderland: — 

Volcanic series of Borrow dale, Cheviot porphyrite. - Several granites. 
Coal. Magnesian limestone (numerous). 

(b) Sand-pit near Bainbridge Holme Farm, Durham Road, near 
Sunderland: — 

Whin Sill Greywacke. Volcanic series of Borrowdale. Magnesian 
hmestone. 
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(c) Lying loose, Galley Gill plantation, Silksworth : — 

Coarse porphyrite. 

(d) Gravel and sand-pit, Haverley House, near Seaton: — 

Flint. 

(e) Lying loose, Stotfold, near Seaton: — 

Whin Sill. Granite. 

(/) Boulder clay, Salterfen Bocks, coast south of Sunderland: — 

Volcanic series of Borrowdale. 

© 

(g) Boulder clay, Carley Hill, near Sunderland: — 

Volcanic series of Borrowdale. Greywacke. 

Qi) On the shore, Beadnell: — 

Large boulder of Trachyte. 

(i) Boulder clay, Kenton Quarries, near Newcastle: — 

Threlkeld * granite/ Cheviot granite. Cheviot porphyrite. 

(2) Reported hy Dr. Smythe and Dr. Woolacott. 

(a) Lying loose, west of Seaton Station : — 

Coarse agglomerate (1 cubic foot). Basalt. Coarse granite. 

(b) Lying loose, near Sharpley Hall, Seaton: — 

Threlkeld ‘granite* (6 cubic feet). Sandstone. Whin Sill. Vol- 
canic series of Borrowdale. Carboniferous limestone. 

(c) Lying loose, end of Green Lane, Sharpley Plantation, Seaton : — 

Whin Sill. Volcanic series of Borrowdale (3).*^ Greywacke, Gi'anite, 
grey. Threlkeld ‘granite’ (2 cubic feet). Sandstone. 

(d) Lying loose, Great Eppleton Plantation, near Warden Law: — 

Rhyolite. 

(c) Old gravel-pits, south-west of Warden Law : — 

Greywacke (several). Chert. Sandstone. Granite.^ Porphyrite. 
Volcanic series of Borrowdale. Magnesian limestone. Car- ' 
boniferous limestone. 

(3) Reported by A. Bell, Bishop Auckland. 

(a) Byers Green, Boulder clay, north-east of Bishop Auckland: — 

Grey granite (Criffel). Volcanic series of Borrowdale. 

(h) Near Eiver Gaunless, a mile south-east of Bishop Auckland: — 

Shap granite. Volcanic series of Borrowdale. 

* The numbers placed after some of the specimens refer to number of speci- 
mens of that rock noted. The size of the specimen is given wherever it is 
noteworthy. 
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(i) Reported by G. Weyman. 

(a) Boulder clay, Stob Hill, near Harlow Hill: — 

Volcanic series of Borrowdale. 

(b) Boulder clay, Kenton Quarries, near Newcastle: — 

Grrey. granite (Criffel). Threlkeld * granite.’ Volcanic series of 
Borrowdale. Calcareous grit. Red granite. Quartz porphyry 
(Cheviots). Andesite. Diorite. Volcanic series of Borrowdale 
(rhyolite and agglomerate). Schist (2). 

(c) Gravel pit, Oleadon: — 

Magnesian limestone (bored by marine organisms), Volcanic ^riel of 
Borrowdale (rhyolite, 2). Porphyrite (Cheviots). Flint (3). 
Greywacke (2), Threlkeld ‘granite.’ Mica porphyrite (Cheviots). 
Buttermere syenite. Quartzite. Weathered Whin. Red Car- 
boniferous limestone. Magnesian limestone breccia and several 
igneous rocks of doubtful origin (4 syenites), &c. 

(5) Reported hy E. Merrick. 

(a) Swinburne’s clay-pit, Birtley: — 

Armbotb Dyke, Gi*anite (grey). 

(b) Billy Mill Quarry, near North Shields: — 

Grey Granite. 

(c) Prestwick Clay Pit, mile south-east of Ponteland : — 

Quartz felsite. Volcanic series of Borrowdale. Greywacke. 

(6) Reported by Dr. Smythe. 

(a) Gravel deposit, Horsebridge Head, near Newbiggin: — • 

Piece of Magnesian limestone with Fenestella retiformis. 

(h) Boulder clay, Kenton Quarry, near Newcastle: — 

Gabbro (Carrock Fell). 

(c) Boulder clay, Horsebridge Head, mouth of Wansbeck: — 

Mica andesite and folsite. 

(d) Boulder clay, Hebron: — 

Quartz porphyry. 

(e) Hadston Oarrs, south of Amble: — 

Dolerite. Porphyrite. Magnesian limestone. 

(f) Erratic (10 cubic feet), South Charlton: — 

. Angite granite (Cheviot). 

{g) Kaims, near North Oharlton:-— 

Greywacke. Granite. Syenite- Porphyrite. 

(k) Kaims, Bradford, near Belford:-^ 

Syenite (8). Greywacke. Quartz felsite. Andesite. 
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(i) Kaims, Fenrother, north-west of Morpeth: — 

Greywacke (6). Syenite (4). Granite (4). Porphyrite (6). Ande- 
site (2). Mica porphyrite (2). Quartrite. 

(/) Boulder clay, Font, above Mitford: — 

Sy^ite (7). Granite (6). Porphyrite (2). Andesite. 

(Jc) Kaims, Loansdene Hill, near Morpeth : — 

Greywacke (4). Syenite (5). Granite (4). Porphyrite (40). Diorite. 
Flint. 

\l) Kaims, Angerton, on the Wansbeck: — 

Greywacke. Syenite (2), Granite (6). Porphyrite. 

(?}i) Gravels (fiuvio-glacial ?), Wansbeck, near Mitford: — 

Greywacke (7), Syenite (12). Granite (o3). Porphyrite (5). Whin 
(5). Chert. Hornblende schist. 

(n) Boulder clay, Lough Hill, Sweethope, head of Wansbeck: — 

Greywacke. Syenite (8). Granite (9). Andesite (BoiTowdale?) (3). 
Diorite. Mica syenite (2). Chert (2). Quartz poi'phy rite. 

(o) Kaims, Liddle Hall, Hallington Reservoir: — 

Greywacke (4). Syenite (8). Granite (16). Andesite (Borrowdale ?) 
(2). Jasper. Schist. Gneiss. Chert. 

(p) Boulder clay, Prestwick Burn, near Redesmouth : — 

Granite. Andesite (Borrowdale?). 


Glacial Stjiije. 


The following striations on the rock surface have been reported : — 


Locality 

Height, 
in Feet, 
above 
Sea-level 

Direction 

Rock 

Striated 

(a) Observed by E 

^r. Smyti 

IE. 


1* Benton, railway cutting east of station* 

200 

S.E. 

sandstone 

2. Tranwell, J mile east of . 

240 

E, 

sandstone 

3. Lesser Waunies, head of Wansbeck. 

1,000 

E. by N. 

grit 

4. Horsebridge Head, just north of mouth 
of Wansbeck 

10 

S. 

sandstone 

5. Newton Sea Houses • . . • . 

0 

S, 36® E. and S. 

whin 

6. South Charlton, J mile W.N.W. of 

500 

E.andS. 10® E. 

sandstone 

7. Fontburn, waterwork just west of station 

600 

N. by E. 

whin 

8. Ritton White House Quarries, east of 
Fontburn 

840 

E. and S. 

whin 

(b) Observed by Dr, Woolacott. 


9, Salterfen rocks, 2 miles south of Sunder- 
land 

0 

S, 17® E. ^ 

magnesian 

limestone 
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Reported by the Hull Geological Society. 

Mr. C. Thompson, B.So., reports that he has obtained from the 
boulder clays of Holderness, chiefly from the neighbourhood of Aid- 
brough, ammonites representing all the zones of the Yorkshire Lias, 
In addition recent work has yielded at least twenty speciesmew to York- 
shire records, or only doubtfully inserted therein. 

Mr. S. S. Buckman has named nineteen of these specimens, and 
they include at least four species new to science. 

The excayations for the new dock at Marfleet, near Hull, have dis- 
closed some fine sections in the Humber warps, forest beds, and uiJder- 
lying glacial clays. Brom the latter, two boulders of shap granite have 
been obtained, the larger of which measures 16 x 14 x 12 inches. 

Mr. Stather reports that, as a result of the work done by Dr. V. 
Milthers on the Scandinavian boulders found in Denmark, and the 
examination of type rocks with which Dr. Milthers supplied him, he 
has been able to recognise several types not previously recorded from 
the Yorkshire boulder clays. 

Dr. Milthers recognises many Scandinavian erratics in Denmark, 
and divides them into five classes: — 

(1) Those from Christiania district. 

(2) Those from Dalarne district. 

(3) Those from Scania. 

(4) Those from Eastern Smaland.^ 

(5) Those from the North Baltic, Aland, &c. 

It is, of course, well known that rocks from the Christiania district 
are of common occurrence in the drifts of our East Coast, and with 
Mr. Milthers' specimens for reference three new records have already 
been made, and it is hoped that it will be found possible to identify 
many of the other rocks. 

The new records are— 

(1) Bredvad porphyry from Dalarne. 

(2) Gronklitt porphyrite from Dalarne. 

(3) Bed Sarna porphyry from Dalarne. 

Mr. Stather expresses the opinion that the Dalarne rocks will be 
found to be quite as common in the glacial beds of the East Coast as 
are those from the Christiania district, 

IRELAND. 

Reported by the Committee of the Geological Section of the Belfast 
Naturalists’ Field Club. 

The Committee record the extension of Ailsa Craig Eiebeckite-eurite 
to Coleraine (see below), 

Co, Armagh, 

Armagh {cutting through boulder clay, Light Railway, near 
Armagh).— 230 boulders noted; 64 per cent, were erratics, and included 



ERRATIC BLOCKS OP THE BRITISH ISLES. 


105. 


60 basalt, 22 sandstone, 18 schist, 12 quartz, 10 porphyry, 6 granitic 
rock, 1 jasper, 1 syenite, 3 Permian, 1 lignite, 9 chalk and flint, 2 grit, 
1 felsite, 1 gneiss, 1 quartzite. The subjacent rock is Carboniferous 
limestone. The prevailing directions of the parent rocks are N, or 
N.E. ; two are N.W. 

Foraminifera found in the clay. . 

Armagh (Esker S.W. of Oarrick-a-loughran Quarry). — 100 pebbles 
noted, 35 per cent, were erratics, and included 24 basalt, 6 mica schist, 
4 quartzite, 1 flint. A fragment of Balanus was also found. The 
clayey sands yielded foraminifera. 

Ailsa Craig Eiebeckite-eurite, petrified wood from Lough Neagh, 
and foliated gneiss have also been recorded from the Armagh Drift. 

Co. Tyrone. 

Coohstown (Quarry and railway cutting). — About 240 feet above 
sea-level. Subjacent rock. Carboniferous limestone. 112 boulders 
noted, 25 per cent, erratics, comprising 8 basalt and dolerite, 1 granite, 
3 felstone, 1 aphanite, 11 quartz, 2 quartzite, 1 schist, 2 grit. Pre- 
vailing direction of parent rocks N. or N.E. ; one granite, probably from 
S.W. Foraminifera found in the clay. 

Co. Down. 

Annadale and Messrs. Martin's Brickyards (on right bank of Lagan). 
Cliffs about 40 feet high of stiff stratified reddish-brown boulder 
•clay.- Subjacent rock is Trias. Erratics noted — a large number of 
basalt and chalk, also 9 Ailsa Craig Eiebeckite-eurite, 2 rhyolite 
(Templepatrick), 3 eurite (Tomamoney), 3 schist, 3 gneiss, 1 gabbro, 

1 Carboniferous limestone, 2 greensand, 2 chert, 1 granite, 1 Silurian 
shale, 1 White Lias (Larne), 2 Carboniferous sandstone (Bally castle), 
3 Lias, 1 Felsite, 4 Magnesian limestone. 

Cretaceous and Lias fossils were noted. The sand intercalated in 
the boulder clay yielded! foraminifera. 

Co. Antrim. 

Lishurn. — Esker; subjacent rook Trias. Erratics comprised basalt, 
granite, porphyry, porphyrite, clay ironstone, grit, conglomerate, 
quartzite. Prevalent direction of parent rocks N. and N.E. ; one 
from N.W. 

Ballymena District. — Eskers at.Drumfane and Broughshane. Sub- 
jacent rock, basalt. Boulders at both places mostly of local origin. 
Out of 100 noted at Drumfane, 70 were basalt, 21 rhyolite, 4 chalk, 

2 flint, 2 dolerite, and 1 Cushendall porphyry. Out of 100 noted at 
Broughshane, 76 were basalt, 4 flint, and 20 chalk. 

Co. Londonderry. 

Coleraine: CarthaU Brickworks. — Boulder clay and sand at one 
pit in vertical bands. Subjacent rock, basalt, very few boulders, 
these included erratics of chalk, flint, slate, and porphyry. The sand 
was e 2 camined and yielded foraminifera. 
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Coleraine : Spittle Hill Quarry. — Subjacent rock basalt. Eeddish 
boulder clay, varying in height from a few up to 20 feet. 100 boulders 
noted, 42 per cent, were erratics, comprising 1 Ailsa Craig Eiebeckite- 
eurite, 24 flint, 6 quartzite, 3 granite, 2 eurite, 4 bole, 1 quartz, 
1 bauxite. . ' , . 

Portstewart : Sandhills. — ^Erratics noted — ^Ailsa Craig Biebeckite- 
eurite, granite (probably from Barnesmore Gap, Co. Donegal), por- 
phyry from Cushendun, eurite from Tornamoney Point, quartzite 
from Cushendun area, gneiss, chalk, flint, schist, chert, also granite, 
probably from Clyde area. 


Mr. Egbert Bell reports having found a Carboniferous coral, 
Li tliost ration Portlochi, in boulder clay, overlain with about seven feet 
of peat, at Sluggan Bog, Drumsongb, Co. Antrim. 


Faunal Succession in the Lower Carboniferous Limestone (Avonian) of the 
British Isles. — Report of the Committee, consisting of Professot J. W. 
Greocry {Chairman), Dr. A. Vaughan {Secretary), Dr. Wheelton 
Hm>, and Professor W. W. Watts, appointed to enable Dr. A. 
Vaughan to continue his Researches thereon* {Drawn up by the 
Secretary.) 

Lower Carboniferous Zones.— Faunal Correlation of the Dinantian of 
Belgium with the Avonian of Britain. 

I WAS able, in the summer of 1909, to study the most important 
sequences in the Lower Carboniferous of Belgium ; the subjoined corre- 
lation is the result of observations then made. 

My thanks are most gratefully tendei^ed to those who so ungrudgingly 
devoted their time to my assistance; to Mr. G. Del6plne, of the 
Catholic University of Lille, who planned the itinerary and accompanied 
me throughout my visit; to Mr. A. Carpentier, of the same University, 
who conducted me over the Avesnes district of N.E. Prance; to Dr, 
F. Kaisin, of the University of Louvain, for his guidance in the Dinant 
district; to Mr. P. Destinez, of the University of Lifege, for help at 
Vis6 and in the study of his collection ; to Dom. P. Blda for help at 
Maredsous and in the abbey collection ; and to Prof. H. Dorlodot for the 
gift of papers and books. 

In the matter of stratigraphical terms and indices I have, neces- 
sarily,^ adhered to the official publication, ‘ Ldgende de la Carte 
g^ologique de la Belgique (1900),* only introducing the notation of 
Dorlodot for two new terms, Tld and T2c. 

For the most recent and authoritative account of the Belgian rocks 
and of their stratigraphical relations reference has been made to two 
mutally supplementary papers by Prof. Dorlodot, entitled * Les Faunes 
du Dinanti^ et leur signification stratigraphique,' ^ and * Description 

* BvU. Soc. hdgt de t, xxiii. (10Oi>), 
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succincte des Assizes du Oalcaire carboniffere de la Belgique et de leurs 
principaux facies lithographiques ; additional details have been 
taken from an earlier paper by the same author, ‘ Le Oalcaire carboni- 
fere de la Belgique/^ 

Bossils are employed in the works above cited in two ways, viz. : — 

(a) In the recognition of levels by the maxima of particular forms or 
groups (identified by approximate fomiulfe), e.g., Spiriferina ' octopli- 
cata,' Productus * Cora.' 

This method, employed without check, is subject to large errors of 
identification and of range : thus Spiriferhia ' octoplicata ' ranges 
throughout Z and 7 , and may occur at any level within this range should 
conditions be favourable. 

(h) In the numerical comparison of a new fauna with the known 
faunas of Tournai and Vis4. 

This method (1) takes no account of the identity of genera due to 
similarity of ‘phase; for example, the Waulsortian facies is for this 
reason more similar to Vis4 than to Tournai. ( 2 ) It does not weight 
fossils according to their abundance; and (3) it takes account of persis- 
tent gentes which happen to be unrepresented at one of the localities, 
but are present at the other, e.g., Pugnax {PkyncliojieUa) pugnus wouid 
count as Vis4an, although common in the Middle Devonian. 

Within the present year two attempts have been made to compare 
the faunal sequence in Belgium with that of the British Isles, namely : 
( 1 ) ‘ Oalcaire carbonif 6 re de Belgique : Oomparaison au Sud-Ouest de 
TAngleterre, * by Mr. G. Del^pine,^ and (2) * Comparison entre les 
couches du Oalcaire carbonif^re de Belgique et celles de TAngleterre, ' by 
Dr. Paul Grober, of Strassburg University.® 

Mr. Del^pine bases his partition of the series upon the recognition of 
fossil * bands ' (or assemblages), each of which characterises a par- 
ticular level ( 2 mder usual conditions) ; the range of a species or gens is 
intentionally neglected. 

This method, which is essentially that involved in the use of ‘ marine 
bands ' in the coal measures, leads to highly satisfactory results so long 
as phasal conditions do not introduce a strange fauna, and so long as no 
greater accuracy of position is sought than that involved in the large 
zones now in use. The considerable number of forms necessary for the 
identification of a band supply the necessary correction of erj:ors of 
identification, and no greater palseontological aptitude is demanded than 
is involved in recognising a broadly formulated species. The results set 
out by Mr. Del^pine are in general accord with the subjoined correlation. 

Dr. Gr 5 ber deals only with the Tournaisian, but is to be applauded 
for his pioneer attempt to subdivide the C zone by means of variations in 
the gentes of Caninia and Gyathophyllum, 

It is too early as yet to judge of the value of his results. I am 
myself engaged, upon the same problem in the course of a minute revision 
of the faunal sequence at Burrington (Mendip), and Mr. A. Sal4e, of the 

^ Bull. Soc. helge de Qiol-i t. xxiii. (1909), Mto. 

2 Ann. 80 c. G^ol du Nord, t xxiii. (1895), p. 201. 

^ BuU* 8oc^ helge de t. xxiv. (1910), M4m« 
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Notes on Localities (see Place Map, above). 

I , Toubnai and Eoaussines : Vis4an absent. 

At Tournai : — 

All the quarries are in the Upper Tournaisian and exhibit 
Z-y, capped by Caninia beds of 0^ age (i.e., beds containing Can, 
cylindrical accompanied by Can, patula and Can. cornucopice). 
The change of phase above Z-y probably took place at slightly 
different times at different points, e.g.^ at Allain and Vaulx, but 
as yet the knowledge of ranges is not sufficient' to detect 
the variation. 

Near Ath and Ecaussines : — 

The base of the Carboniferous rests upon .the transition beds 
(considered to be uppermost Devonian), and contains the charac- 
teristic /?• fauna. 

The Upper Tournaisian exhibits .the same zonal range as at 
Tournai — ^namely, Z-y, capped by Caninia-hedB of C^. 

II. Namue Basin (Valley of Sambre and Meuse) : the Orneau, 
Namur, Huy, 

Ascending sequence. 

Transition beds followed by j8. 

Dolomitisation obscures the sequence up to ; certain levels, 
however, such as y-O^, and Cg with Prod, subloevis^ have been 
carefully followed by Mr. Del4pine. 

Sj, both faunally and lithologically, is practically identical 
with the same level in the Bristol area. 

In Sa, Lithostrotion enters later than in Britain. 

The ‘ pseudo-breccia ’ with Prod, undiferus occurs at the top 
of Sg, and is apparently a little earlier than the true ‘ Grande 
Brfeche *' of the Dinantian. 




Tofmt p. 108.] 
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The highest beds, with Prod, longispinus, can be assigned to 
Upper JD. 

III. The Ourthe Valley (Comblain-au-Pont). 

I' wo tyi^es of Tournaisian sequence are exhibited side by side : — 

(1) Rivage to Liotte. 

The upper part of the transition series apparently contains a 
Carboniferous fauna. 

The shales that succeed certainly contain Spiriferinay but the 
accompanying fauna suggests a level in Z higher than /3. [Similar 
shales underlie ‘ petit granit ’ at Maredsous.] These shales are 
overlain by Z-y and the Caninia beds of Cj. 

(2) N. of Oomblain-aU'Port. 

The ' petit granit ’ of the Ourthe, Z -y , is succeeded by 
^lamhtosa dolomites,' 0^, similar, faurially and lithologically, to 
the beds of the same phase in the Bristol area. 

' These dolomites are capped by a calcareous conglomerate 
(Br^che de Comblain-au-Pont), recalling the megastoma-con- 
glomerate of County Dublin. 

IV. Dinant District (Gorge of the Meuse: Hasti^re, Dinant, 
Yvoir) — ^the type sections of the Dinantian. 

The correlation table gives the main points in the comparison 
between the complete sequence of this district and that of the 
Avon. The following notes may be added: — 

* Oalcaire d’ Yvoir ’ and ' Petit Granit ' (when present) must 
both be included in Z-y. 

The Calcaire de LefEe of Dorlodot must be correlated with the 
top of the Tournaisian by relative position only, since it is practi- 
cally unfossiliferous. 

The highest black limestones and shales, discovered by 
Mr. Del^pine between Dinant and Yvior, contain a well-marked 
Upper D fauna. 

V. The Waulsortian. (The District West of Dinant: Hasti^re, 
Waulsorfc, Maredsous, Sosoye.) 

The levels suggested for the various Brachiopod beds are 
deduced from 

(a) the relative predominance of Spirifer and Productus. 
Spirifer predominant indicates Tournaisian, as in the ‘ r4cif ' of 
Maredsous. 

(h) The occurrence of ‘ Visean species ' of Productus y such as 
P. margaritaceuSy e.g., at Sosoye. 

(c) Stages of structural development. 

N.B. — Care must be taken to eliminate certain species that are appa- 
rently persistent throughout the Lower Carboniferous and that 
recur at every renewal of similar conditions, e.g., Ptignax acumu 
naiciy var. plicatUy^ and Pugnax pugnus among Brachiopods and 
A-mplexus coralloides among Corals. 
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Vr. ViSi. 

The whole of the Carboniferous limestone of Vis4 belongs 
to the Upper Dibunophyllmt zone, for the lowest beds (said to 
rest iinconformably on the Devonian) contain Dibunophylla and 
Densiphylla of Upper D habit. 

The higher limestones contain species oi* Dibunophylla, 
Cyclophyllaj <fec., which ally them to the coral beds of Derby and 
North Wales, In accord with this is the fact that the Brachio- 
pods are identical with those of the Brachiopod beds of 
Wetton, <&c. 

Yis6 is the only locality in Belgium at which a characteristic 
D coral fauna has been discovered. In N. France, near 
Avesnes, the uppermost limestones with Prod, latissimus contain 
an identical coral fauna indicating Da-Dy. 


Investigation of the Igneous and Associated Rocks of the Glensaul 
and Lough Nafooey Areas, Cos. Mayo and Galway. — Report of 
the Committee, consisting of Professor W. W. Watts {Chairman), 
Professor S. H. Reynolds {Secretary), Mr. H. B. Maufe, and 
Mr. C. I. Gardiner. 

Mr. 0. I. Gardiner and the Secretary completed their field-work on 
the Glensaul area in April 1909, and their paper was published in 
the ‘ Q. Journ. GeoL Soc.,’ vol. Ixvi. (1910), pp. 253-279, At the 
same time they commenced work on the rocks of the Kilbride peninsula 
(Lough Nafooey area)* and have devoted three weeks in July and August 
1910 to a continuation of the work, which is not yet completed. The 
general structure, however, of the Kilbride Peninsula may be briefly 
described as follow^s. The southern and eastern part consists in the 
main of Silurian grits and flags, dipping wdth great regularity in a 
general south-easterly direction, and including a highly fossiliferous 
Upper Dlandovery horizon. The northern and western portion con- 
sists principally of igneous rooks — quartz felsite, vesicular andesitic 
rocks, labradorite porphyrite, and coarse breccia. As yet the only 
fossils found in this part of the area are a few Didymograpti and a 
crustacean, probably a species of Caryocaris. In the south-eastern 
comer of the peninsula is an area of gneissic rocks against which the 
Silurians are faulted. . 


Composition and Origin of the Crystalline Rocks of Anglesey. — Fifth 
Report of the Committee^ consisting of Mr. A. Harker {Chairman), 
Mr. E. Greenly {Secretary), Dr. J-, Horne, Dr. C. A. Matley, 
and Professor K. J. P. Orton. 

The end of the present geological work upon Anglesey is now within 
sight. The map. w’ill, all being well, be completed during the coming 
autumn, after which the descriptive memoir will be the only undertaking 
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5f importance. While this is proceeding, Mr. J. 0. Hughes will devote 
nearly all his available time to such analyses as are likely to throw light 
upon the origin of widespread types of rock in Which metamorphism has 
produced such complete reconstruction as to efface all traces of original 
sedimentary or igneous structures. 

Of these rogks two have been attacked during the year now past, with 
the following results : — 


No. 519a.— Great Jasper, Newborough. 




I. 

n. 

SiOa * * 

1 4 » • * 

. . . . 93-Sl 

, 93-54 

FeaGg . 

. . . 

. . . . 6*60 

6-52 

Alkalies 

* ‘ * • 

. * . . none 

— 



100‘U 

100-06 


This is an unusually large jasper, occurring in a limestone associated 
with the ellipsoidal diabase lavas. 


No. 231a. — ^BasiC Schist, Capel Soar, Bodorgan, 



I. 

II. 

SiO. .... 

t • • « 4 . 45-83 

46*06 

TiO., .44* 

* • • f A • ^ir£LO@ 


AljOg 4 t • • 

17-45 

17*34 

4 4,* 

♦ 4 - C 4 

4*73 

FeO , . . . 

7-52 

7*46 

MnO • . , . 

trace 


CaO , . 4 4 

11*14 

10*96 

MgO .... 

8*37 

8*21 

K 3 O • « • • 

' . 0*16 

0*12 

NaaO .... 

. , . . . 2*88 

2 - 84 ] 

HaO (at 110 °) . . 

. . . • • . 0*21 » 

0 * 28 ] 

HaO (above 110 °) . 

2*23 

2*20 j 


100*43 

100-20 


This is a rock, now completely reconstructed, which is certainly 
derived from the same lavas in another district. 

Besides these the following miscellaneous rocks have been analysed 
on account of their special interest : — 

No. 426a. — Ophicalcite; Holyhead Island. — This is the beautiful 
‘ Mona marble,’ associated with the Serpentines and Gabbros: — 



I. 

11 . 

EesidUes insoluble in HCl 

16*35 

18-29 

Soluble SiO .2 . . 

. . ' 4 . . 0-60 

0-41 

AlaGg-^FeaGg • • * 

4 . 4 . . 9*17 

8*31 

OaO « . . 4 4 

38*88 

38*78 

MgO . . . 4 . 

2*44 

1*98 

COa « . 4 » * 

31-08 

31*12 

HaO undetermined 4 4 

98*52 

98*89 


As the above anally ses indicate, digestion with hot HCl is not very 
suitable in this case* The rock evidently contains silicates which are 
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SSrvdlsfespLLuy forthe^ impossible to obtain coH- 

It was therefoirdSd to 


Beddues insoluble in acetic acid 
AlaOa+PeaOa . . _ “ • 

CaO ... " ■ 

MgO . . • • . . 

coa 

HjO ...... 

I. 

• . . 28-21 
• . . 0-08 

. 38-89 
. . . 0-53 

. 31-08 

- . . 1-08 


99-87 

Percentage CaCOa . 

. . . 69-44 


d. P.ed Limestone; Tyddyn Du, 'Amlwch. 


Residues insoluble in HCl 
AljOa+PeaOs . . . * * 

CaO ...,’■ 



I. 

14-97 

4-30 

27-61 

14-84 

38-05 


Percentage CaGOs 
MgCOa 


99-67 

. 49-12 
. 31-16 


II. 

28-14 

0-17 

39-01 

0- 46 
31-12 

1- 13 

100-03 

09-66 


II. 

15-13 

4-24 

27-60 

14-82 

38-16 

99-93 

49-28 

31-12 


of ‘yp* Poour in the eohiel. 

been determined:- ' combination has not 


Total Iron (oalonlated as PejO,) . 

^ * * * . /0’v4 jsru4 


*. Massive Grey Limestone, hi Old Red Series. 


Uesldues insoluble in TTH 

I. 

He 


. 0*11 

9.04 

CaO . 

. 0*88 

0-97 

MgO ... 

C^at • , * 

. 50-16 

60-22 


! 39-59 

39-65 


99-73 

99-88 

; ?ermtf^e CaOT .... 

. 89 -55 

89-68 
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C Bed Limestone, in the same beds as above. 


Residues insoluble in HCl . . . • 

I. 

. 15-63 

II. 

16-72 

AlaOs-f-FeaOa ....... 

. 2-35 

.2.39 

CaO 

. 41*88 

41-93 

MgO 

. 3-11 

3-03 

CO 2 . , . . .... 

. 36-69 

36-74 

• 

99-66 

99-81 

Percentage CaCOa 

. 74-78 

74-87 

„ MgCOa 

. 6-53 

6-36 


Both the above rocks are from the Penrhoslligwy district. 


Dolomite. — From shore east of Forth Penmon. 



I. 

ir. 

Residues insoluble in HCl 

. 0*85 

0-89 

AlaOa+FeaOa 

. . . 2-08 

2-02 

CaO 

. . . 30-17 

30-03 

MgO 

. . . 20*84 

20-86 

CO .2 

. . . 46*48 

46-44 


100-42 

100-29 

Percentage CaCOa . • . 

„ MgCOa * 

. • . 63*87 

53-71 

. . . 43-59 

43*63 


This is a thick, massive bed in the Carboniferous limestone. 

Finally, in a peat ash from Cors y Bol, Llantrisant, an extensive old 
alluvium, the percentage of phosphoric acid has been determined: — 

I. II. 

Percentage P 2 O 5 1’71 1*79 

And one of the well-known hornblende picrites of Llandyfrydog has 
been examined for nickel, as there was an impression that this existed in 
it in some quantity, but no nickel was detected. 

Mr. Hughes desires to point out that his leisure for research work 
during the past session has been rather small, and that the greater 
part of his analytical work will be done in the coming summer vacation 
— too late, that is, for the results to appear in this report. 


The Excavation of Critical Sections in the Pakeozoic Bocks of Wales and 
the West of England. — Beport of the Committee, consisting of Pro- 
lessor C. Lapworth {Chairrmn), Mr. G. W. Fearnsides {Secretary), 
Dr. J. E. Mark, Professor W. W. Watts, and Mr. G. J. Williams. 

[PX.ATB III.] 

Third Report on Excavations among the Cambrian Rocks of Comley, 
Shropshire, 1909, by E. S. CobbOld, F.G.S. 

The excavations made during 1907 and 1908 were reported upon to the 
Dublin and Winnipeg Meetings of the British Association. As the funds 
placed at my disposal by the Committee appointed in 1907 had not been 

1910, I 
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fully exhausted, I continued the excavations in the summer of 1909. 
These excavations form the subject of this third communication, which 
is final so far as this grant is concerned. 

The excavations of 1909 extend beyond the limits of the sketch map 
originally printed, and necessitate a new one (see Plate III.). On this 
the positions of all the principal excavations are shown by bold numbers. 
Where a clear dip has been observed, the exact position m indicated by 
the point of the arrow, but where the dip is uncertain the position is 
marked by a black dot. In addition to the lines of all roads, fences, 
streams, and footpaths, contours have been sketched in at intervals of 
20 feet vertical, and a little shading has been added to bring out the 
relief of the surface. The tracks of some of the principal faults, seen or 
inferred during the progress of the excavations, are shown by dot-and- 
dash broken lines, and the general positions of the rocks of various ages 
bounding the Comley Cambrian area are indicated in words. 

With the exception of No. 27, which comes in the central portion of 
the Comley area, the excavations now to be described were made in two 
distinct parts of the arear— (A) the Shoot Rough side, to the nortli-east 
of the quarry ; (B) the Eobm’s Tump portion, to the south. 

Excavation No. 27, Francis" Field. 

Near a ferm south of Dairy Hill and east of Hill House Ridge, there 
is a small prominence on which the soil indicates that rock is near the 
surface. An excavation was made on the west slope, and disclosed 
some 4 or 6 feet of very broken shale, with obscure indications of a 
northerly strike and a high westerly dip. No fossils were iscovered, 
and further exploration near this point was deferred until other more 
promising excavations had been disposed of, 

m ^ Bmm 

Tto report 16 the gave detail^ of the beds called 

Shoot Bourn Road Slxa&{$ Shoot BouA Road Blags at excavations 
No. 30 and No. i*. Iflssnfa having heno OTtwhed to make openings in 
me fields north oj &© road, these excavations were extended, and addi. 
tional trials were made with a view to ascertain, if possible, ^ nature 
of the rooks between the Shoot Bough Eoad beds and the supposed 
Tremadoo of Shoot Eoug^i Wood* 

Mit(maiim No. 30, Shoot Rough Road, Upper Seciign^ (jSeieHstiM of), 

A teesdch was dug at ri^t angles to fhe strike from the highest beds 
of dhtde previously observed. The shale was followed for a horizontal 
dlsfaaoa of 18 ywfe, where its surface sank out of sight under tlie 
Mit Allowing for the dip of 4S® to the north- 
tip fi)jeiBB«si8 of slMto SMb wotud be about 40 feet, and in this 
tlicpwa, n«F was there any ehange in the general 
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Sketch Map op the Comley Abea. 
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Illustrating the Beport on the Excavation of Critical Sections in the 
Palmzoic Bocks of Wales and the West of England, 
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Excavation No. 23. 


The surface feature made by the outcrop of the Shoot Eough Eoad 
Flags is traceable in a north-westerly direction for about 100 yards 
from excavation No. 20. A trench was openecWacross this feature and 
continued south-westerly to ascertain, if possible, the nature of the beds 
underlying the flags. At about 18 feet below the top of the flags a band 
of rotten stone was touched, yielding residual nodules of calcareous 
sandstone, and containing plentiful remains of Paradoxides rugulosus 
Oorda. At about the horizon of this bed the flags graduate into a soft 
greenish micaceous sandstone, like that noticed at the east end of exca- 
vation No. 21.^ A thickness of 3 feet of this sandstone, now called the 
' Shoot Bough Eoad Sandstone,’ was exposed, but its further down- 
ward continuation could not be ascertained, owing to the increasing 
thickness of detrital matter from the escarpment of the flags above. 
With the help of my friends, Eev. W. M. D. La Touche and Mr. C. D. 
Walton, I secured further fossils from the flags of the original section 
(No. 20) ; they include a small Microdiscus very like M. punctaius, form 
eucentrus Linn., but not sufficiently well preserved to identify with 
certainty, and a form recalling Ptychoparia (Liostracus) Liiinarssoni 
Brogger. 

Combining the observations of 1908 and 1909, the complete section 
across these Shoot Eough Eoad Flags may be summarised thus : — 


•fir. Shoot Bough Road Shales (top not seen) . 

Shoot Rough Road Flags 

Additional fos8iIs—ifef^cro<Zi>c«a, sp., cf. M. cucentra or M. pinctatiis 
Salter — JAmiarsaoni Brogger ? and 

c. Shoot Rough Road Sandstone . 

Cl Calcareous band Pamdoxidcs rugulosus Corda, ^Linguhlla- 
ferruginea^BliQv^ Acrotreta ot Acrothde, .... 

C 2 Green Sandstone- (base not seen) 


40 feet 
18 feet 


1 foot 

1 foot 
3 foot 


Excavalioii No. 21, Shoot Eough Eoad, Lower Section.^ 

In order to examine the nature of the junction of the shales and 
gritty flags of this lower section a trench was opened parallel to the 
original exposure, but at a distance of 5 or 6 feet, and on the other 
side of the hedge, where it was possible to excavate to a depth of about 
5 feet without danger. The new section disclosed was as follows : — 


• West End of the Section. 

a. Shales comparable with the Shoot Rough Road Shales of the upper 
section dipping at a very high angle to the east-north east (top not 


seen) 9 feet 

6. Gritty flags and rotten stone bands— 

hi. Red earthy rotten stone 5 feet 

Flaggy, sandy bed, dip vertical *.3 feet 

h ,. Hard greenish bod of grit, dip c“. 80® north-west . . . , 1 foot 

Flaggy beds with shale partings (base not seen) .... 5 feet 


^ Brit. Assoc. Report, 1900 (Winnipeg), p. 185. 

^ Details of those flags arc given in the pi*evious report, op. cit., p. 184. 

” The determinations of the Brachiopods included in inverted commas are those 
supplied to me by Dr. C. A. Matley. . 

^ Brit Assoc, Report, 1909 (Winnipeg), p. 185. 

X 2 
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Fossils. — ‘ 

‘ Orthis ZindstrVmi Linnrs. very plentiful, Linnarssonia sp., cf. L, rngittalis 
Salter, Acrointa, sp., Lingula or Lingulella, sp. indet. but almost 
certainly not L. ferruginea Salter.’ 

East End of the Section. 

The reversal of the dip with complete conformity of the beds is 
established, and the similarity of their lithological characters with those 
of the beds of the upper section is so close that very little doubt remains 
that the two exposures are on the same horizon. The fossil evidence is 
substantially in agreement, but differs in the more plentiful remains of 
Orthis Lindsiromi which is only sparingly represenied in the band 64 
ol the upper section^ and the paucity of specimens of Acrotreta which 
is BO plentiful in the same band. 

Excavations Nos. 24 and 25. 

Eoughly parallel with the Shoot Eough Eoad, and to the north of it, 
there is a line of fence bounding a disused cart-track, which has in places 
been worn down through the superficial covering to the shaley rock 
below. Advantage was taken of this to open up the shale in two places. 
The characters of the shales agree with those of the shales in the* road ; 
there are hard siliceous bands in them, half an inch or more in thickness, 
and also rotten stone bands, usually rather thicker. The strike of the 
beds is. nearly north by west and south by east, and the dip is fairly 
constant at about 45® to the eastward. A rotten stone band at the spot 
marked 25 yielded casts of * a small Orthis of the 0. lenticularis Wahl 
type. These are not so well preserved as those recorded from beds a 
of the Shoot Eough Eoad, Lower Section,^ but are distinctly larger, 
and seem, so far as their characters are shown, to be closer to the type/ 
At the southern end of this excavation some harder shale was encoun- 
tered, characterised by rusty spots, more or less polygonal in shape, and 
with a radiating crystalline structure extending out from them. At first 
sight these spots suggested crinoid stems, but they are more probably 
due to some mineral matter ( ? selenite). 

Excavation No. 26. 

Small trials were made at intervals on the surface of the field to the 
north of the old cart-track in a direct line to the north-east. With one 
exception these failed to reach solid rock. At the spot marked 26, where 
there is a slightly steeper rise in the surface, shale was found imme- 
diately below the soil, and, on following it in either direction, a con- 
tinuous section of about 50 feet in aggregate thickness was exposed. 
The dip and strike, remained constant throughout, and sensibly parallel 
with that of the shales in excavations Nos. 24 and 25. The shale was 
for the most part fairly hard, with clearly marked laminations, and at 
either end graduated into softer shale which disappeared below the 
superficial accumulations. In one part a few more or less polygonal 
rusty spots similar to those of excavation No. 25 were observed, but, 
wi& the exception of an irideterminable fragment of a trilobite and one 

1 Brit. Assoc. Bep(^ 1909 p, 184 ® Ihid., p. 185. 
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* badly preserved bracliiopod which suggests Orthis Unticularis/ uo 
fossils were discovered. 

The total thickness of the Shoot Rough Road shales cannot be safely 
estimated, owing to want of artificial exposures between the excavations 
described, but the mapping of the surface indicates a very considerable 
thickness, anpunting to some 300 to 500 feet, or possibly moi*e, for the 
whole group. 

B. — ^The Excavations near Robin’s Tump. 

Robin’s Tump, viewed from the north, is a small conical hill about half 
a mile to the south of the Comley Quarry. It is in the line of, and has 
the appearance of being a continuation of, the Hill House Ridge, but, 
geologically, it is very difterent, and the two features are severed by a 
somewhat flat area occupied by two fields. The summit rises to about 
990 feet and is oval-shaped, wdth a length of about 20 yards in a. north- 
east and south-west direction. It is connected with the higher 
(Ordovician) ground at the foot of Caradoc Hill by a saddle some 40 or 
50 feet low’er in elevation. Several natural exposures of grits and sand- 
stones are to be seen on the summit, but no details of the succession 
were visible without excavation, A little stream descending from the 
lower slopes of Caradoc Hill has cut a deep trench along the north-west 
side, and here there are isolated natural exposures of rather soft greenish 
and reddish micaceous sandstone of the type of the Lower Comley 
sandstone, and characterised by burrows and tracks of organisms. 

Excavation No. 28, on the Saddle, 

Near the place marked 28, trials were made on the Saddle at four 
spots, all of which showed green micaceous sandstone with a fairly 
regular north and south strike and a dip to the east of about 45^. The 
sandstones vary in hardness from point to point, but are otherwise 
uniform in character, and are evidently part of the series exposed near 
the stream. 

Excavations No. 29, summit of Robin's Tump. 

A series of excavations were made in connection with the natural 
exposures of the summit. These are too close together to be shown 
separately on the map. 

No: 29a, situated on the northern shoulder where there was a 
small natural exposure of much weatliered rock, shows about 4 feet of 
well-bedded coarse calcareous and conglomeratic grit, with many ferru- 
ginous casts of fragments of trilobites and grains of bright green 
glauconite, exactly recalling the conglomeratic portion of the Quarry 
Ridge grits. The dip is about 45® to a little south of east. Below 
this conglomeratic bed some 3 or 4 feet of a strong, green, micaceous 
sandstone are visible, the beds of which dip at a rather steeper angle 
decidedly north of east. Prom the solid rock immediately touching the 
overlying conglomeratic grit I obtained two specimens of cavities, pene- 
trating the sandstone in a curvilinear manner. They are somewhat 
quadrangular in section, 15 x 20 mm. in diameter, have well-defined 
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boundaries, and contain cores of coarse gritty material, which come out 
cleanly, and in substance match with the matrix of the overlying con- 
glomeratic grit* The actual terminations of the cavities were not found. 
The appearances lead to the conclusion that the sandstone had been 
bored after the consolidation of the Lower Comley sandstone by some 
organism capable of removing the cementing material by solution, and 
of expelling the quartz and other grains thus loosened. Except in the 
matter of length and shape, the cavities present some analogy to the 
modern Pholas borings in the consoHdated Triassic sandstones of the 
south Devonshire coast. That they were formed after consolidation is 
rendered the more probable from the fact that the' overlying conglome- 
rate, both here and at the Comley Quarry, contains subangular and 
angular fragments of similar compact greenish sandstone. 

No. 29b. — In order to confirm the evidence of unconformity ex- 
hibited in the last-mentioned excavation, a hole was made on the 
opposite or south-east side of the summit, where clearly bedded coarse 
grit of normal Quarry Eidge grit type, with the same dip of 45^^ to a little 
south of east, was disclosed. ' 

No, 29c. — ^As No. 29b did not show the underlying rock, another 
excavation was made a few yards away. In this similar grit having the 
same dip was exposed, but more incoherent and of an ochreous colour,” 
and, underlying it, a breccia of angular fragments of greenish sandstone,' 
separated more or less from one another by coarse, gritty material. 
Underneath this, again, and partly protruding into it from below, was 
a rib of solid green sandstone containing a calcareous band, the dip of 
which was clearly north of east and at a higher angle than that of the 
grit above it. The divergence between the strikes of the tw'o kinds of 
rock, both here and in excavation No. 29a, is about 30^. The calcareous 
band contained several specimens of minute Ostracoda with a thin 
chitinous shell and a shagreened surface. 

No. 29d. — On the north-western side of the sunimit, and about 
25 yards to the south-west of No, 29a, some large blocks of rock pro- 
truded from the surface, which I refer to the conglomeratic grit, but 
they are not truly in situ. On removing two of these, green sandstone, 
containing a dark, calcareous band, was found, and some pinkish lime- 
stone nodules close to it yielded a profuse number of fossil fragments. 
Among these there are Olcnellus, sp., apparently identical with 0. Cal- 
lavei Lapw:, Ptychoparia ? aiinio Cobbold, Ptychoparia ? aitlehorensis 
S. & 1^., Microdiscus helena V^alc.?, Micinacca ? possibly M. ? ellipso- 
cephaloides Oobbold, a fragment of a rather large trilobite not referable 
to OUnelluB Callavei, but possibly belonging to the same genus, Kuiorgina 
cingulata Bill., LinnaTssonia, sp. (the same species that is so abundant 
in the Comley Quarry), AcrotheU?, and some small Ostracoda. 

This fauna, so far as the very fragmentary material has been worked 
out, is almost exactly the same as that of the Olenellus horizon of the 
Quarry Eidge, but it does not necessarily follow that it is the same band, 
and it is not certain whether the nodules are in sffa, or whether they are 
pebbles collected in a. hollow behind the dark calcareous band. The 
evidence points.,^ the conclusion .that the greenish micaceous sandstone 
of Eobin's Tump belongs to the Lower Comley sandstone as previously 
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defined/ and that it is overlain unconformably by the conglomeratic 
Quarry Eidgo grits of Paradoxides age. Further excavations between 
those numbered 29a and 29d are urgently required. 

Excavations Nos. 30 and 3o» at the foot of the Nortli’-Wesl Slo'pc of 
, Bohin’s Tump. 

No. 30. — A natural exposure of Lower Comley sandstone close to 
the stream was opened out and followed along the strike for about 
15 yards. The rock consists of some 6 or 8 feet of greenish micaceous 
sandstone, dipping at 45® to 50® to the east-south-east, and having 
numerous cross fractures - at right angles to the strike. About midway 
in the sandstone was a band of clayey material, which on being worked 
yielded residual nodules of rottenstone and sandy, foraminiferal (?) 
limestone containing many specimens of a Hyolitlius approaching to the 
form H. fistula HolL . From this band one external cast of a head shield 
of an Olenellus (apparently an undescribed species) and a few other 
trilobitic fragments were collected. The band could only be follow^ed 
for 3 or 4 feet along the strike^ and appeared to thin out in the’ direction 
of the dip. Both it and the sandstone contain numerous examples of 
two forms of burrows. Those of form A are subquadrangular in section, 
with diameters of from 8 to 12 mm. that remain sensibly the same in 
the short lengths of the specimens collected, and have clearly defined, 
brown-stained surfaces. Those of form B are much smaller sinuous 
cavities, without clearly defined boundaries, generally filled with carbo- 
nate, but near the surface, with brown earthy matter or roots of 
plants ; they have diameters of about 2 mm. 

No, 31. — About 30 yards to the north-east of No. 30. — ^A second 
natural exposure of similar rock was opened out and elongated up the 
steep slope of the hill so as to cross the bedding at right angles. About 
23 feet of beds of greenish micaceous sandstone, varying a little in 
toughness and becoming reddish purple at the top, were thus exposed, 
and the dip was observed to remain steadily at 45® to 50® to the south- 
east. 

No, 32. — About 45 yards further towards the north-east. — ^A small 
natural exposure was cleared of soil and vegetation, and proved to con- 
,sist of reddish purple micaceous sandstone of the same aspect as that 
at the top of No. 31. The dip, however, has in the interval worked 
round from south-east to nearly south. 

No. 33. — 10 yards further io the north-east. — Similar rock but of 
the usual greenish colour was seen here and the dip found to be about 
5® to a little west of south, 

No. 34, — 60 yards distant from the last to the north-east. — Similar 
greenish rock, but rather softer, was seen, and the dip has revex'ted to 
.the more normal one of about 45® to the east-south-east. 

No. 35. — In the extreme north-east corner of the fences bounding 
the RohhPs Ttmp area. — ^Yery fragmentary greenish sandstone was 
observed at this point, and on opening it out there were obscure indica- 
tions of a south-easterly dip. 

^ Brit. Assoc, Beyork 1908 (Bublin), p. 235, ct S'^. 
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These excavations (Nos. 30 to 35) serve to show that the Lower 
Comley sandstone occupies the north-western slope of Eobin*s Tump ; 
that the beds have a general easterly dip, but that this does not remain 
constant throughout; and farther that, in addition to the calcareous 
bands at the top, the group contains at least one fossiliferous band. 
From a section plotted to a natural scale along a line up the north-west 
slope, it appears that this fossiliferous band is approximately 150 feet 
below the top of the sandstone of the summit, but it is impossible to say 
whether this estimate of thickness is vitiated by faulting or repetition 
of beds. 

Excavations 36 to 40, in the comparatively flat area immediately north 

of Robin* s Tump, 

Openings were made at the places marked in order to ascertain, if 
possible, the cause of the complete change of surface characters 
exhibited in passing from the' steep and dry slopes of Robin's Tump to 
the flatter and rather wet space to the north of it, but with no very 
definite result. j 

No, 36, in the northern bank of the stream, showed soft greenish 
sandstone, with a dip parallel to that of No. 30. 

No. 37, though pushed down to a depth of 5 feet, produced nothing 
but broken sandstone of the same type. 

No. 38 was sunk to a depth of 4 feet, and yielded clayey material, 
.with a few pieces of the sandstone. 

No. 39 was deepened to 5 feet in a dry soil containing many frag- 
ments of the same kind of rock. 

No. 40 produced nothing but surface clay. 

These excavations, coupled with the surface features and the exist- 
ence of springs in the ground to the west and south-west, suggest the 
occurrence of a set of thin bedded sandstones and shales below the more 
compact sandstones of Robin's Tump. 


General Summary of the Excavations of 1907-08-09. 

The funds originally supplied by the Committee appointed at the 
Leicester Meeting being now exhausted, it seems advisable to gather 
together the principal results of the excavations in one statement: — 

1. The line between the Paradoxides-heating Quarry Ridge grits and 
the Olenellus-heoxing Lower Comley sandstone is proved to be marked 
by an unconformity. 

2. Below this line the Lower Comley sandstone has been opened 
up at several places, and has been proved to contain fossiliferous bands 
at various distinct horizons. The thickness of the whole group appears 
to reach to several hundreds of feet, and its lower members pass by 
gradations into the Wrekin quartzite, 

3. The Wrekin quartzite has been opened at two places, and is found 
to consist of beds of quartzite of very varying thicknesses, with shaley 
partings. 

4: (previously ^owm) horizpp of Qlenellus {Ilolmia^ 
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Vertical Section of the Cambrian Strata of Oomley, Shropshire, from observations 
made during the Excavations of 1907, 1908, 1909, 
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the Reports in feet 
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^Paradoxides rugulosm* 
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Hill House Shales 
Hill House Grits 
Hill House Flags 


30 

? 



Ptychoparia.\ 
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Quarry Ridge Shales 


Quarry Ridge Grits . 
Black and Grey Lime- 
stones 

Olenellus Limestones 


Lower Oomley Sand- 
stone 


300? 


22 

5 

3 


300? 

to 

4G0? 



Paradosides Groomii, Porgpyge, &o, 
(Protolenus, Strenuella, Anomocan, 
\ Microdiscus lobatus, &c, 

Olenellus Callavei, &c. 


Olenellus, sp., ngolithus. 



Wrekiii Quartzite . 300 ? 


Uricouian . 



jlyolUhus, sp., near iT. lemUtHata* 


Gallavei Lapw. and below the unconformity at the base of the Para- 
doxides beds there are some bands of grey limestone, the upper member 
of which has yielded species of the genus Protolenus accompanied by 
other trilobites, some of which are members of the Oleiiellus fauna in 
America. 

5. The Blapt Bim^stone of Oomley Quarry occurs above the band 
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with. Protolenus and below the base of the Quarry Eidge grits. It has 
lithological affinities with the Grey Limestones below, and with the grits 
above, but its faunal affinities are not yet determined. 

6. The conglomeratic portion at the base of the Quarry Eidge grits 
contains angular and subangular fragments of the sandstones and lime- 
stones ‘that occur below it, and its matrix yields species, of the genera 
Paradoxides, Doryjpyge, Gonocoryphe, HyolitliuSj and Stenotheca. 

7. The Quarry Eidge grits are succeeded above by a group of shales 
(interspersed with bands of grit), called the Quarry Eidge shales, and 
have a thickness of, probably, 300 feet. 

8. These shales are followed by the Hill House group, consisting of 
flags (with Dorypyge), grits (with Ptychoparia and other undetermined 
trilobites), and shales of unknown thickness with included bands of grit. 

9. A considerable width of unexplored ground intervenes, aftp 
which the Shoot Bough Eoad sandstones — ^with Paradoxides rugulosiis 
Corda and the Shoot Bough Boad flags, wdth P. davidis Salter, Agnostus 
fallax Linnrs., Acrotreta socialis von Seebach, Orthis Lindsfroevti 
Linnrs., and other fossils — ^have been opened up. 

10. Superior to these flags, and in apparent conformity with them, 
there occurs a large group of shales from which only a scanty fauna has 
been collected. The dominant species is a form closely allied to Orthis 
lenticularis Wahl. 

Owing to the faulted nature of the ground, it is impossible to give 
reliable estimates of the thicknesses of the various group recognisable in 
the Comley area. A study of their general disposition and horizontal 
extent points to an aggregate thickness for the whole of the Comley 
Cambrians exceeding 1,500 feet, and, very possibly, extending to twice 
that amount. 

The diagram above shows the general relations of the various 
groups so far as they are at present known. The Shoot Bough Wood 
shales at the top have not been touched by the excavations. Their 
Treinadoc age is inferred from Dr. Callaway's discovery in the shales 
east of the Lawley of * Lingulella Nicholsoni and Shineton graptolites ' ^ 
and from Mr. Gibson's subsequent detection in the shales of Shoot 
Bough Wood. of an example of Piety onema. 

The thickness (100 feet) assigned to the Wrekin quartzite is taken 
from Dr. Gallaw^ay's estimate,^ the excavations not having been suffl- 
ciently extended to allow of any direct measurement of it being made. 

I have again to acknowledge my indebtedness to Mr. Philip Lake for 
his help in determining the trilobites, and to Dr. G. A. Matley for 
exhaustively examining the brachiopods of the higher horizons, and I 
am very grateful to them for their help. My best thanks are also Vine 
to Professor Lapworth for continued advice and encouragement during 
the whole of the excavations. 


^ Q vol, xxxiv., 1878^ p, 758. 


p. 759. 
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South African Strata, — Report of the Committee, consisting of Professor 
J. W. Gregory {Chairman), Professor A. Young {Secretary), Mr. 
W. Anderson, Professor E. Broom, Dr. G. S. Corstorphine, 
Dr. Walcot Gibson, Dr. F. H. Hatch, Sir T. H. Holland, 
Mr. H. Kynaston, Mr. F. P. Mennell, Dr. Molengraaff, Mr, 
A. J. C. Molyneux, Dr. A. W. Eogers, Professor E. H. L. 
Schwarz, and Professor E. B. Young, appointed to investigate and 
report on the Correlation and Age of South African Strata and on the 
Question of a Uniform Stratigraphical Nomenclature, {Drawn up 
hy the Chairman,) 

The unity in structure and geological history of Africa south of the 
Zambesi renders it especially desirable that the rocks of the whole 
subcontinent should be named on a uniform system. The separation 
of the country into six distinct political divisions — Cape Colony, the 
Transvaal, Orangia, Natal, Bhodesia, and German South-West Africa — 
has led to the study of its geology from various centres and to the 
growth of overlapping systems of nomenclature which are confusing to 
students in other counkies and may give lise to future difficulty in 
South Africa. 

The desirability of uniform names for the chief divisions of South 
African geology was especially felt during the visit of the British 
Association to South Africa in 1905. This feeling led to the appoint- 
ment during the meeting at Johannesburg of a Committee to consider 
the possibility of securing greater uniformity in practice between the 
different States. The Committee appointed consists of the following 
members ; — 

Bepresenting Cape Colony. — ^Dr. A. W. Bogers, r}'ofessor B. 
Broom, Professor E. IT. L. Schwarz, Professor A. Young {Secretary). ^ 
Bepresenting tHe Transvaal.^ — Dr. G. S. Corstorphine, Mr. H. 
Kynaston, Dr. F. H. Hatch, Prpfessor E. B. Young. 

Bepresenting Natal. — Mr. William Anderson. 

Bepresenting Bhodesia.^ — ^Mr. A. J, C. Molyneux 
Sir T. H. Holland, Dr. G. A. F. Molengraaff, Dr. W. Gibson, 
Professor J. W. Gregory (Chairman). 

Owing to the wide distribution of the members, it has not been 
■possible to arrange a full meeting of the Committee, and most of the 
work has been by correspondence. At meetings of member's who 
-could attend in London it ■was resolved (1) that the object of the 
report should be to propose a classification and nomenclature that 

5 iTr. F. P. Mennell w«»s added at the Leicester Meeting in August 1907* 
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could be reconiinended for adoption amoxig the colonies of South Africa ; 
(2) that the method of procedure should be: — 

(a) Preliminary conferences between the members of the Committee 
resident in each colony, in order that they may report as to the nomen- 
clature and classification best suited to their colony ; 

(b) The circulation of these reports for consideration by all the 
members of the Committee ; 

(c) The submission of all the points at issue in such a form that each 
member of the Committee can vote upon them by post ; and 

(d) The preparation of a report stating the opinions of the Com- 
mittee as thus expressed, and, if possible, to recommend a scheme of 
correlation and a terminology for adoption by all the South African 
colonies. 

After receipt of the various preliminary reports a series of questions 
was drawn up by the Chairman and submitted to the members of the 
Committee for a postal vote. 

The results of this vote are tabulated in Appendix I. 

I. The Nomenclatuee op the pee-Devonian Eocks. 

The Major Subdivisions, 

The first urgent problem concerns the nomenclature and classifica- 
tion of the pre-Devonian rocks. 

Some of the South African members of the Committee, especially 
those for Cape Colony, regard the treatment of this subject as prema- 
ture. But if no attempt be made to deal with it, there will inevitably 
develop a varied nomenclature which will be confusing to geologists in 
other countries when referring to South African work, and may lead in 
South Africa to the permanent adoption of rival names. 

The oldest known fossiliferous rocks in South Africa are the 
Devonian rocks known as the Cape System. Below this system is a 
vast series of rooks which are unfossiliferous. The only evidence as to 
their age is lithological and stratigraphical. 

These rocks — excluding the unaltered igneous rocks — include: — 

(a) A great series of unfossiliferous sedimentary rocks, quartzites, 
conglomerates, ' shales,’ and sericitic schists; 

(h) A series of foliated rocks, including mica schists, hornblende 
schists, and gneisses; the rocks are^ partly of igneous and -partly of 
sedimentary origin, 

1. The rocks of the Band are the most important members of the 
sedimentary group, and opinion is practically unanimous that the rocks 
of the Band be called the Witwatersrand System. 

2. There is a majority of nine to six in favour of calling the second 
group—the highly crystalline schists earlier than the Witwaterarand 
System and occurring, for example, in Swaziland and at Barberton— 
the Swaziland System, and for adopting that name for the basal 
crystalline schists of all South Africa. This term is favoured by all 
the representalites, of the Transvaal and Natal, by Dr. MolengraaS 
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and Dr. Walcot Gibson; but it is rejected by three of the four 
representatives of Cape Colony, while the fourth (Professor Schwarz) 
would prefer the adoption of the name Barberton System. The term 
Swaziland System is also rejected by Mr. Molyneux and Mr. Mennell, 
the representatives of Ehodesia. The representatives of each State are 
thus unanimous in their decision for or against the name Swaziland 
System ; and jts two States are for it and two against, there does not 
seem at present any chance of agreement. 

There is also no agreement on the Committee as to the name to be 
adopted for the group to which these two systems probably belong. It 
depends to some extent on the question of their age. 

The sedimentary series, including the quartzites and conglomerates 
of the Band, were at one time believed to be Devonian ; but they have 
been gradually moved back to older and older horizons. At present 
they are regarded as possibly Lower Palaeozoic (Le., Silurian, Ordovi- 
cian, or Cambrian), but more properly as pre-Cambrian. There is no 
absolute evidence as to the age of either of the two great pre-Devonian 
series. It will probably be generally admitted that the non-foliated 
rocks are younger than the schists and gneisses. It is accordingly 
tempting to compare the upper series of non-schistose sediments with 
the Torridonian and Ke ween a wan, and the lower series to the crystal- 
line schists which usually underlie the pre-Cambrian non-schistose 
sediments. 

This view is, however, based only on lithological evidence. Some 
members of the Committee are prepared to accept the view that there 
is such a strong probability of widespread areas of such schists as those 
of the Swaziland group being pre-Cambrian in age that, until definite 
evidence to the contrary is forthcoming, they should be accepted as 
Archean. Such a decision would be convenient, as it would enable 
the rocks to be given a definite position in the colour scheme used on 
the maps ; and, in the opinion of some members of the Committee, ting 
position is not likely to be altered. 

Tlie terms available for these rocks are variously used, so it may be 
convenient briefly to refer to their history and the present tendency as 
to their use. 

If the Witwatersrand System and older schists be admitted as pre- 
Cambrian, the first name for them to be considered is that of Archean. 
This term was first proposed by J. D. Dana in 1872 in a paper on the 
Green Mountain Quartzite. He there proposes to rule out the older 
term Azoic, as the era in question was not throughout destitute of life. 

* I propose to use for the Azoic era and its rocks the general term 
Archaean (or Archean), from the Greek apxnw pertaining to the 
beginning. ' ^ In a footnote he objected to the term Eozoic, owing to the 
doubtful nature of Eozoum, and explains, * Whatever part of the 
Archean beds are proved to belong to an era in which there was life will 
be appropriately styled the Archeozoic. This term avoids the objection 
which Eozoic derives from the doubtful nature of the Eozoum. * ^ 

Dana unquestionably proposed the term Archean to include the 


^ * Green Mountain Geology, 
yol. iii., 1872, p. 253. 


On the Quartzite.’ Amer, Jour* Sci*, series iii., 
« Ibid. 
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great mass of pre-Palseozoic sedimentary rocks as well as the basal 
schists ; and we may take it that if one name is to be given to all the 
pre-Pal£eozoic, then one of Dana’s two names, Archean or Arch^eozoic, 
has unquestionably strong claims for acceptance. 

In recent years there has been a widely felt tendency to divide the 
pre-Cambrian rocks into two divisions — an upper division of non-foliated 
sediments and a lower division of schists and gneisses to ‘which the term 
Archean is sometimes restricted. Sir A. Geikie,^ for example, notes 
the proposal to reserve iVrehean for the igneous rocks and Algonkian 
for the pre- Cambrian sediments. 

As an example of another twofold arrangement may be quoted the 
classification in Chamberlin and Salisbury’s Geology: — 

'Kewcenawan. 

Animikean= Upper Huroniau of some authors. 

Huronian. ^ 

'Great Granitoid series (Laurentian) (mainly intrusive). 

Great Schist series (Mona, Kit chi, Keowatin, Quinnesseo, 
Lower Huronian of some authors).^ 

Chamberlin and Salisbury object to the names Algonkian and 
Archean for the primary divisions, on the gi'ound that the names suggest 
that the divisions are systems, such as Cambrian, instead of being 
groups, such as Palaeozoic. 

The Witwatersrand System may be the South African equivalent 
of these non-schistose pre-Cambrian sediments; and the Swaziland 
System, or whatever name be adopted for the schists, would 
represent the Archean. There seems a tendency to adopt the term 
Algonkian for the non-schistose pre-Cambrian sedimentary rocks, 
though it was founded to include the schists as well; and a term of 
world-wide application is wanted for such unaltered pre-Cambrian sedi- 
ments as the British Torridonian and Longmyndian, the North American 
Keweenawan, the Scandinavian Sparagmites, the Indian Puraxia, &c. 
These rocks appear to represent a geological system between the under- 
lying schists and the beginning of the Palaeozoic. 

Chamberlin and Salisbury’s classification inverts the use of the word 
Archseozoic, which was proposed by Dana in 1872 pre-eminently for 
the pre-Cambrian rocks which might be proved to contain life. lie in- 
troduced the term Archean and Archseozoic when describing one of 
ihe quartzites, clearly showing that he included the sedimentary as well 
as the schistose series in the Archean. 

The term Proterozoic was first .suggested' by Emmons^ and rejected 
by Irving in 1888. Pie then proposed to limit Archean to 'the basal 
schists, and called the overlying sediments Eparchean, as being upon 
the Archean or Agfiotozoie.® 

^ Teef-Booh^ vol. ii., p. 904. 

Ohamberlin and Salisbury, Geology, 160, 

^ ® .R. I>. Irving, ‘ Gn the Classification of the Early Cambrian and Pre-Cambrian 
Formations.* Seventh Ann, Rep, V,8, Geol. Sum, 1885-SO, p. 454. 
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Van Hise, however, in 1892 ^ preferred Proterozoic for the uppei" 
sedimentary division, and Archean for the lower crystalline division. 
His Proterozoic was, therefore, equivalent to the Archaeozoic of Dana. ‘ 

If priority is to count for anything in this matter, and the name of 
the pre-Palseozoic division is to end in ozoic (to conform to the other 
three), then Archaeozoic should be adopted for the pre-Cambrian sedi- 
ments ; and this use agrees better with the natural nieaning of the term, 
for these sediments have traces of an archaic life, whereas the older, 
crystalline schists have none. The basic complex below may still be 
appropriately called Azoic, as they have not yet given an}’’ certain signs 
of life. 

An alternative explanation that might temporarily meet the case for 
South Africa would be to retain Dana’s term Archeeozoic for all the pre- 
Palsezoic rocks, including both the Witwatersrand System and the 
Swaziland System or basal complex. 

Two members of the Committee recommend the adoption of 
the term Archean for all the pre-Palaeozoic. One (Mr. Molyneux) 
prefers the teiuii Azoic, and Di\ Molengraaff pre-Palaeozoic. Dr. 
Hatch and Dr. Corstorphine in their work on the Geology of the 
Transvaal both 'use the term Archean as exclusive of the Witwaters- 
rand System; whereas Dr. Eogers, Professor E. B. Young, Mr. 

. Molyneux, and Dr. Molengraaff think the term Archean should be 
abandoned from South African geology. Dr. Eogers groups all the 
pre-Devonian rocks as the pre-Cape rocks, a course which, though safe, 
is purely provisional. 

II. The NoMEKCLAtruRE of 'the Upper pre-Devonian DivisrONS. 

1. Vaal or Ventersdorp System. 

Above the Witwatersrand System is a series of igneous rocks of the 
Vaal Eiver, which has been called the Vaal Eiver System by Molen- 
graaff and the Ventersdorp -System by Hatch and Corstorphine. The 
votes recorded on this question are five in favour of the name Vaal 
and five in favour of the name Ventersdorp. Professor Schwarz says 
the system should be omitted altogether, as it is composed solely of 
volcanic rocks; and Dr. Eogers and Mr. Mennell agree with Professor' 
Schwarz. This group of rocks can hardly be called a system in the 
sense in which that word is defined by the International Congress, 
namely, one of the primary subdivisions of the Palaeozoic, &c,, such as. 
Silurian or Jurassic. 

Three of the representatives of the Transvaal favour the Ventersdorp 
System, two of the representatives of Cape Colony favour the Vaal 
System and one the Ventersdorp System. Mr. Molyneux, from 
Ehodesia, is in favour of the Ventersdorp System. 'The votes on this 
question are so evenly divided that it is hardly likely that any agree- 
ment will be reached immediately. 

1 Bidl U£. Geol Sun\, No. 86, p* 609. 
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2. PotchefstrooM or Transvaal System, 

Poir thfe rocks overlying the amygdaloids there is again a choice be- 
tween two terms, and this question mainly concerns the geologists of 
the Transvaal. 

The name Transvaal System is supported by eight votes, against 
three for the name Potchefstroom System, so that in this case there is 
a strong majority of the Committee in favour of the adoption of the 
older name, the Transvaal System. As the rocks are widely distributed 
in the Transvaal, and as they give rise to some of the most characteristic 
features in the State, the name is perhaps not unsuitable. The name 
Potchefstroom has the advantage of fixing a more precise type 
locality. There are certainly great disadvantages in the use of the name 
of a State as that of a geological system, for the ambiguity (some Trans- 
vaal rocks not being Transvaal rocks) must frequently be inconvenient. 
Hence the term Potchefstroom System would probably occasion less 
inconvenience, but the choice between these two terms will, no doubt, 
be settled by the practice of geologists in the Transvaal. 


3, The Waterherg System. 

The last of the proposed systems for pre-Karroo rocks is that for the 
Waterherg sandstone. There is practical unanimity that these rocks 
should be regarded as a distinct system and called the Waterherg 
System. 

The age of the amygdaloids, the Transvaal and Waterherg Systems, 
is unquestionably doubtful. The Waterherg System lies unconform- 
ably upon the Transvaal System, and that is unconformable upon the 
amygdaloids, which are in turn unconformable upon the Witwatersrand 
System. None of the rocks contains fossils. The Waterherg System 
is, however, regarded with much plausibility as the inland representa- 
tive of the Cape System, and the Cango beds of the southern part of 
Cape Colony may represent the Transvaal System. If so, then the 
Waterherg System would be Devonian, the Transvaal System and the 
Yaal Eiver, or Ventersdorp amygdaloids be Lower Palaeozoic (Silurian, 
Ordovician, or Cambrian). 


III. The Kabroo System. 

The classification of the Marine Devonian beds does not involve 
much inter-State difference of opinion, as the marine beds occur only 
in Cape Colony and Natal. The Karroo System is of wider extent, but 
there is less disagreement and overlapping in nomenclatures than with 
the unfossiliferous pre-Devonians. The classification recommended 
by the geologists of Cape Colony is as follows r — 


Stormberg Series . 

Beaufort Series 
Bwyka Series 


‘Drakensberg beds. 
Cave sandstone. 
Red beds. 

Molteno beds. 


Elarroo System 
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Eepresentatives of the Karroo Series in Ehodesia were arranged as * 
follows by Mr. Molyneux in 1907 : — 


Cape 

• 

Bechuanaland 

Protectorate 

Rhodesia 

Sabi and Limpopo 
Valleys 

Zambesi Valley 

Stormberg 

1 Ecca 

Dolerites . 

Fine sandstones 
at Klaballa 
Tswapong grits. 

Tuli lavas and Pipe 
amygdaloids 
Samkoto series . 

Batoka basalts and 
Dolerite sheets 
Forest sandstones 

Escarpment grits 
Upper Matobola 

Busse beds 

Lower Matobola 

Fine fissile sandstones 


This sequence is so different from that of the southern States that 
at present it would be premature to suggest a detailed correlation, and 
no inconvenience arises from the use of the independent classification. 

The classification for Natal, adopted by Mr. Anderson in his final 
Eeport (1907), is as follows: — 


Upper Karroo 


Lower Karroo 


/Plateau basalts, top Drakensberg and Rhyolitic 
I series of the Lebombo Range in Zululand. 

J Cave sandstones, Drakensberg. 

1 Red beds, Drakensberg. 

(Stormberg series, Drakensberg. 


/Beaufort beds. 


JEcca series i 


r Upper, coal-bearing series. 
[ Lower, shales (glacial). 
(Ecca glacial conglomerate (Dwyka).^ 


There has been no representative of Orangia on the Committee, and 
the representatives of the Transvaal have not called special attention to 
the classification of the Karroo beds, which have not, yet received as 
much attention in the Transvaal as in the other States. 

The Committee have received an interesting report from Professor 
Broom as to the correlation of the rocks of the Karroo, and the evidence 
quoted makes it clear that part of the system is to be correlated partly 
with the Permian and partly with the Lower Mesozoic (Trias and J ura). 


^ W. Anderson : Third and Final Report of the Geological Survey of Natal and 
Zululand. Natal Surveyor-General’s Department, London. 1907, p. 36. 
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APPENDIX II. 

Report by Professor E. Broom. 

I fear it is premature to decide on a general term for pre-Devonian 
rocks. Archean seems a natural term for the lowest rocks, but, as you 
define it, it besomes impossible. The Malmesbury beds are by no means 
always schists. Clay slate is the general thing, and much of it has very 
little mica. Here and there bands of limestone are met with, not 
apparently greatly altered. Some South African geologists are of 
opinion that the Malmesbury is not so very old, and many beds look 
so fresh that one cannot resist the temptation to look for fossils, and 
occasionally things turn up that have an organic look, but nothing deter- 
minable has been got. At any rate, it is just possible that Malmesbury 
may be Cambrian, though I think all the evidence is in favour of its 
being very much older. Still, there is a doubt, and I fear we cannot use 
Archean for it. In the meantime I am quite agreeable to drop Archean, 
and I do not think Algonkian any better. Take the Dolomite. This, 
according to the suggestion, would be Algonkian, but there seems a prob- 
ability that it is not older than Cambrian. I object to Swaziland System 
being used for all the older beds, because there is no evidence that 
Malmesbury beds, Namaqualand, are of the same age. The evidence 
is rather the other way. 

I object to ' Vaal Ei\'<er * as a bad term for a formation. ‘ Vaal ’ is 
’worse. As well speak of the ‘ Fawn * formation. Some English 
scientists sometimes forget that the words they use are very ordinary 
Dutch words. 

The same objection and others might be urged against ‘ Table Moun- 
tain Series.* The name is too long and out of harmony with other 
geological names. I should prefer * Tafelberg Series ’ or ' Tafelber- 
gian, ’ which would be in harmony with ‘ Witteberg * and * Stormberg, * 
but ‘ Table Mountain * seems too firmly' established. ‘ Transvaal 
System * seems by far the best name. ‘ Potchefstroom ’ is frightful. 

Report by Dr. F. H. Hatch. 

Since I am not in complete accord with some of the statements in 
Professor Gregory’s report, perhaps I may be permitted to state briefly 
my own views on the subject which forms the terms of reference to the 
Committee. 

- The oldest beds in South Africa known to be fossiliferous are those 
of the Cape System, and the fossil evidence shows them to be of 
Devonian age. Since, at the Cape, the Dwyka Series is in conformable 
relation with the uppermost division of the Cape System (the Witteberg 
beds) and the same series unconformably overlies the Waterberg sand- 
stone in the Transvaal, the latter must be older than the Witteberg beds ; 
that is, it must, be either equivalent to the lowest division of the Cape 
' System (the Table Mountain sandstone), or it must be still older. It 
follows that the underlying systems in the Transvaal-— "the Potchef- 
stroom (or Transvaal), the Ventersdorp, the Witwatersrand, and the 
Swaziland Systems— must be all pld§r than the Devppian. I have 
; ' *’ ' ' I ? '2 
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shown elsewhere ^ that, without making any allowance for the great 
intervals between the Waterberg and the Potchefstroom (or Transvaal) 
Systems, between the Potchefstroom and the Ventersdorp Systems, 
between the Ventersdorp and the Witwatersrand Systems, and between 
the Witwatersrand and the Swaziland Systems, there are, reckoning 
from the base of the Waterberg and the top of the Swaziland Systems, 
at least 45,000 feet of strata; while the thickness of the Swaziland 
beds, which is, of course, very great, is unknown. 

The Swaziland System consists largely of crystalline schists with 
intrusive granite-bathyliths, and this, taken together with the fact that 
it lies below three big pre-Devonian Systems of strata, each separated 
from the one above it by great discordances, makes it not unlikely 
that this system represents the Archaean, or a portion of the Arch® an, 
of other countries. But since, after all, we only know with certainty 
that it is pre-Devonian, it would be better for present purposes to 
eliminate the use of the word Arch®an from South African geology 
altogether. The same reasoning applies to the suggested introduction 
of such terms as Algonkian and Archeozoic. 

As to the Witwatersrand, the Ventersdorp, and the Potchefstroom 
(or Transvaal) Systems, any attempt at correlation with the systems of 
other countries is, in the absence of fossil evidence, out of the question. 

Coming now to nomenclature, the name Witwatersrand System 
is now generally accepted. With regard to the Ventersdorp System, 
this name was proposed by myself ® for a formation, comprising boulder 
beds, conglomerates,^ volcanic breccias and lavas, and totalling at least 
8,000 feet, which unconformably overlies the Witwatersrand System, 
and is itself transgress! vely overlain by the Black Eeef Series, or lowest 
beds of the Dolomite Series. The name appears to me decidedly pre- 
ferable to Vaal Eiver Sj^^stem, since the latter is apt to lead to a confu- 
sion between the topographical expression, "Eiver System,* and the 
stratigraphical term. Ventersdorp System has, moreover, the priority. 

With regard to " Potchefstroom System * verms " Transvaal System,* 
the latter term is the older ; but since the use of the name of a country 
for a system, which, after all, plays only a minor rdle in its geological 
structure, seemed as objectionable as if the Devonian System of England 
had been called the " English System, * Dr. Oorstorphine and myself 
proposed that " Transvaal System * should be abandoned in favour of 
"Potchefstroom System,* all three members of the system being de- 
veloped in the district of that name, and the nomenclature being in 
conformity with that used in the Witwatersrand, Ventersdorp, and 
Waterberg Systems. 

The term " Lydenburg System ’ would have been eminently suitable 
but for the fact that Dunn had previously used it to include not only 

^ Presidential Address to tbe Geological Society of South Africa for the year 1906. 
Minvixsi of Proceedirigs^ Geoh Soc, South Afrim, 1906, vol. ix. 

® F. H.* Hatch : * The Boulder Beds of Ventersdorp,’ Trains. Oeol. Soc, South 
Africa^ vol. vi. (1904), p. 95. ‘ Vaal River System ’ was proposed by Molengraaff in the 
Englii edition of Th& Geology of the Transvaal (1904), p. 19. 

* Prof, ^hwarz is incorrect in saying that this is a volcanic series only, for it 
includes bourse beds, conglomerates, and sandstones of sedimentary origin (Elsburg 
Seizes). 
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the beds in question, but also everything down to the Namaqualand 
schists (i.e., the Swaziland System). 

Report by Sir T. H. Holland. 

I send herewith some notes which I have hurriedly written regarding 
the questions^ which you ask in your circular to the Committee on South 
African stratigraphy. It is difficult for me to say exactly how much of 
my Indian experience is of value to you, and it would be much more 
satisfactory, although I see that it is impossible, for the Committee to 
meet and fight out the undetermined questions. From my point of 
view, I have no, right to vote on any question except the wide one of 
retaining the term Archasan. For the rest, my remarks are no more 
than suggestions to those who have the requisite local knowledge. 

I am in favour of making two divisions for the pre-Palasozoic rocks, 
and would suggest the retention of the term Archaean for the basement 
complex of schists and gneisses. The Swaziland series of the Transvaal 
and Natal appear to be essentially similar in lithological characters to 
those of America included in the Archaean.^ Their stratigraphical 
position being in agreement with their lithological characters, they 
have as much right to be regarded as Archaean as have the formations so 
named in Europe, and the one point to remember is the fact that the 
term Archaean is expressive to the geologist, although no one could prove 
that the Archaeans of America, Europe, and South Africa are con- 
temporaries. The Swaziland Series bears a relation to the younger rocks 
very similar to that existing between Lawson’s Ontarian group and the 
Animikies, and a similar relation exists in India between the Dharwars 
and associated gneisses and schists, on the one hand, and the unfossili- 
ferous Cuddapahs and Bijawars, on the other. 

There is no justification for the recent American mutilation of Dana’s 
term Archaean ; the gneissose granites, granitoid gneisses, and schists are 
not necessarily older than the Huronians of the typical area, and some- 
times probably they are younger. The separation of the granitoid types 
on the assumption that they possibly represent parts of the primitive 
crust has no scientific foundation, for there may never have been a 
primitive crust in the sense assumed in so many text-books that accept 
the Nebular Hypothesis as an unimpeachable gospel. Possibly rocks 
of the Huronian type, including even the conglomerates, were formed 
long before the growth of the globe noticeably ceased, and it therefore 
seems best to draw a group boundary line at the great Eparchsean 
interval which appears to be so world-wide. Below this line are schists 
of all sorts, of sedimentary as well as of igneous origin, closely folded 
and foliated ; above this line, on such stable Horsts as the Great Lakes 
region in America, the central and southern parts of Africa, and the 
Peninsula of India, there are old, generally unfossiliferous, probably in 
all cases pre-Cambrian, rocks that are sometimes unaltered, sometimes 
folded locally, and sometimes metamorphosed locally, but not gathered 
into close folds with gneisses and schists. 

In peninsular India I propose to retain the name Archaean for 

^ The Qeolo^j of Bou^h Africa, 1905, p. I 
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tlie gneisses and schists, including many of obviously sedimentary 
origin. Some of these, distinguished as the Dharwars in the south, and 
as Aravallis, Ohampaners, and other local series in the north, recall many 
of the features of the Lower Huronians of Canada and of the Swaziland 
series in the Transvaal; hornblende-, chlorite-, and the talc-schists 
interbedded with quartz -hematite and quartz -magnetite, schists and, 
rarely, crystalline limestones, are common types in these formations. 
It is impossible to regard the closely folded Dharwars as having been 
laid down on the exposed surfaces of the gneisses near by, when the 
latter often show little more in the way of deformation than might be 
regarded as flow structures developed during consolidation. Yet gneissic 
pebbles are sometimes found in the Dharwar beds, though some of 
these, at any rate, are doubtfully true conglomerates. 

Some of the gneissose granites, indistinguishable from typical 
Archaean gneisses, are certainly younger than some Dharwars, and 
generally it is impossible to unravel the mixture by any classification 
dependent on age. It is, therefore, far more convenient to group all 
such highly foliated rocks in peninsular India as Archaean. The name 
involves no idea other than great age, and, has, therefore, none of the 
objections that might be offered to such terms as Azoic, Bozoic, and 
Archseozoic. 

I do not see how the term Archaean can give rise to confusion in 
South Africa, and it certainly does convey to the geologist the idea that 
there exists a collection of very ancient rocks which have their nearest 
probable equivalents among the Archaean of North America, India, and 
other parts of the earth's surface where complications have not arisen by 
post-Cambrian folding. There appears to be no call for the manufacture 
of a local term in South Africa or in India ; our so-called Archaean rocks 
may, hot be of the same age as those of America, but they have the 
same relative position in the scale, the same characters, and, with the 
perspective duo to this distance of time, we are justifieddn regarding all 
obviously Archaean rocks as equivalent. 

AlgonTcian or Proterozoic. 

Bor the oldest rocks preserved after the great Eparehsean interval I 
propose to use the term Burana in India. ^ The name means more 
than mei'ely old, for the Puranas, although very old in Indian literature, 
are not the oldest; they are a ricJiauffe of the more ancient Hindu 
literature — the alluvial products derived from the basement complex of 
the Archaean Vedas. Before the term Purana was suggested we had 
numerous local names for the old unfossiliferous formations resting on 
the Arch^an gneisses and schists — Guddapahs, Bijawars, Gwaliors, 
Pengangas, Ohilpis, Kurnools, Kaladgis, Bhimas, and Vindhyans. We 
have no positive evidence for the age of these rocks beyond the limits 
Archaean below and about Middle Carboniferous above, the latter limit 
being that determined by the base of the Talchir stage of the Gondwana 
System. The Puranas may be wholly or in pai't pre-Cambrian in age, 

^ Hollariid ; Pres idential Address, Traris. Min. and Qeol. hutiiute of Mia, vol. i., 

1006 , 
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but they appear to be divisible into two divisions which certainiy recall 
many of the features of the Animikies and Keweenawans of the Great 
Lakes region in North America, and although, in default of evidence to 
the contrary, it is probable that they are„mostly pre-Cambrian, it is 
possible that the Upper Vindhyans were formed since the days of 
Olenellus, One cannot help being reminded by the Upper Vindhyan 
red sandstones of the Cambrian purple sandstones of the Punjab Salt 
Eange, and, because of the way they rest on old unfossiliferous rocks 
of great thickness, of the Potsdam sandstones of America; but these 
obvious temptations have to be resisted, for we have not only no fossil 
evidence, in spite of apparently perfect conditions in the shales and 
marls, but no definite periods of folding that could give a clue of cor- 
respondence with the periods of marked folding in Europe. The term 
Parana is thus of local value and cannot be offered except tem- 
porarily to assist South African geologists. 

The term Algonkian, however, has still less claim to be used in South 
Africa, and, after the mutilation it has undergone in America, it might 
be dropped with advantage there also. The term Proterozoic implies 
conditions that have yet to be established with certainty and is thus also 
'unsuitable. I would suggest, therefore, that a local term be used in 
South Africa for the post-Archsean, pre-Palseozoic rocks. A term cor- 
responding to Purana might be suggested by someone conversant with 
the local languages ; otherwise a geographical term would have to serve. 
The term Eparchcoan should be confined to the great interval between 
the Archasan and the oldest of the Witwatersrand System, for we should 
not forget that the intervals of no record are as important almost in the 
history of the world as the periods of sedimentation, and the interval 
between the formation of the Swaziland schists and the Orange Grove 
quartzites may have been as great in time as that which has transpired 
since Olenelhis lived. 

It would not assist the question to point out the lithological simi- 
larities between the Witwatersrand, Ventersdorp, and Potchefstroom 
(Transvaal) Systems and the Purana rocks of India ; for if the Indian 
terra were used in South Africa it would be liable there, as here, to 
decapitation on the discovery of fossils in the higher beds. One cannot 
help noticing, however, the similar ‘calico rocks,’ the jaspers, and the 
great trap-flows that are prominent in our older Puranas, and the 
dolomitic, ‘ Olifantsklip ’ limestones in parts of the higher beds. Not- 
withstanding its obvious objections, I would rather use the term 
Parana in South Africa than the term Proterozoic; the establish- 
ment of further correspondence with India is likely to be of greater 
value to geology than would be the study of fancied resemblances 
between South Africa and the Northern Hemisphere in Europe and 
America. 

Transvaal Questions » 

6. I vote for the retention of the term Archosan. 

7. Swaziland Series seems unnecessary, unless It can be used for the 
separation of the compact lithological series corresponding to the 
Huronians (Lower Huronians) of America and Dharw -<j£ndia. 
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8 to 11. I have no right to vote on the relative value of alternative 
local terms. 

In a subsequent letter, June 11, Sir T, H. Holland adds the 
following : — 

' It is not exactly correct to state that the Witwatersrand System 
would be the South African equivalent of the American Algonkian, as 
this term is employed in America to include, besides the*comparatively 
unaltered Keweenawan and Animikie Series, the foliated and closely 
folded (Lower) Huronians. The use of a system name to straddle 
across one of the greatest breaks known, namely, that between the 
(Lower) Huronians and the Animikies, is enough to condemn the term ; 
but, as it has been used so commonly in this way, it would be 
impossible now to use the term in South Africa; for the Swazi- 
land Series, according to Hatch and Oorstorphine,^ evidently in- 
cludes rocks" that would be included in the American Algonkian, 
If the term Algonkian had been made to extend from the base 
of the Cambrian to the epi-Huronian, infra-Animikie unconformity, 
it would have had an extended use in stratigraphy; but it is too 
late now to change its meaning. If, therefore, no suitable local term 
can be devised for the pre-Palseozoic rocks lying unconformably on the 
Swaziland schists and gneisses, the Indian name Purana might be 
borrowed ; it covers all old unf ossiliferous rocks (in part or wholly pre- 
Cambrian) down to the base of the oldest rocks resting unconformably 
on the gneisses, schists, and closely folded, metamorphosed Dharwar 
(Lower Huronian) Series. 

‘ For all rocks below this great break I use the term Archaean in 
India, and, although this use 6i the term is not exactly that proposed 
by Dana (who evidently intended originally to include the unmetamor- 
phosed pre-Palaeozoic sediments), it corresponds to the recognised use 
of the term in Canada, and to the meaning adopted by Van Hise in his 
memoir on the ** Iron-Ore Deposits of the Lake Superior Region ** (21st 
Ann. Eep. XJ.S. Geol. Surv., Part III,); that is, after he had published 
other ^iews in his well-known Bulletin No. 86 on the Archaean and 
Algonkian.^ 

* It is true that local unconformities between the (Lower) Huronian 
(Dharwarian of India) and the older gneisses are shown by conglom- 
erates, and possibly in time the Archaean may be subdivided locally to 
recognise these. But, although these conglomerates, that include 
pebbles of gneiss, indicate a pre-existing gneissose series, there are many 
granitoid gneisses in the complex that are younger than the associated 
Dharwars (and — ^Lower — Huronians). Hence it is possible to spjit up 
the Huronian-Laurentian (Archaan) complex only locally, and this fact 
should be contrasted with the great widespread unconformity above the 
group composed of the basal complex and (Lower) Huronian 
(Dharwarian) rocks. 

" Lithologically the Dharw^ars in India can be distinguished from the 
more crystalline gneisses and schists with which they are folded, just 
as the Huronians (Lower Huronians) can generally be separated from 

^ of Sau&, Africa, 1905, p. 101. 

’^^ussion by C. K. Ldth, Joum» Geol, x,, 1902, p. 894. 
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the Laurentians ; but no one can say that the Huronians are all younger 
than all the rocks that would be readily ascribed to the Laurentian. Nor 
in India would it be right to say that the Dharwars are, as a whole, 
younger than many large spreads of granitoid gneisses, which our earlier 
workers readily assumed, in conformity with the prevalent views of the 
time, to be older. Evidently, also, among the Swaziland and Namaqua- 
land Series there are many altered clastic rocks that retain enough of 
their original chemical (if not physical) characters to be distinguishable 
from the gneisses and granitoid rocks of the fundamental complex. 
These might be distinguished lithologically under local names ; but the 
whole mass of closely folded and foliated rocks ought to be placed to- 
gether in one group : for this group the name Archaean might be con- 
veniently used, in spite of the fact that in its original sense it would cover 
the Witwatersrand beds, and in spite of the fact that its meaning has 
since been restricted by many American authors to the gneissose rocks 
of the basal complex. Clearly, if our terminology is to express strati- 
graphical history, the epi- Swaziland unconformity should be recognised 
as a great dividing line ; all below should be in one group, and for this 
group I would use the name Archaean; all pre-Palaeozoic rocks above 
should be given another group-name, either a local name or Purana. 

‘ I have already lodged objections against terms like Azoic, Eozoic, 
Archaeozoic, and Proterozoic ; you might at the same time have led to 
the slaughter such terms as Hypozoic, Prozoic, 'and Pyro-crystalline ; 
Chamberlin and Salisbury have spoilt the chances of perpetuating their 
group-names by inverting the meaning of the term Archeeozoic as pro- 
posed by Dana. They have also unfortunately drawn a group-boundary 
line between the Huronian and the Schist Series, at the same time 
including within their Proterozoic group an interval probably long 
enough to be regarded as an aeon. We cannot now use the term 
Archgeozoic for pre-Cambrian sediments and Azoic for the complex 
below. The use of the term Archaean that I have suggested corre- 
sponds with the classification adopted by Hatch and Corstorphine. I 
have offered to lend the term Purana for the pre-Palseozoic sediments 
above the Swaziland Series, as the term has been kept from the changes 
of meaning to which Algonkian has been subjected by the Americans. 

‘ Before you close your report, may I suggest that you should read 
again G. M. Dawson’s Address to Section C at Toronto in 1897? He 
there shows how the use of the term Huronian for the sedimentary 
rocks now known to the Canadian Survey as Animikie arose through a 
clerical error in describing the geographical distribution of Logan’s 
typical Huronian. Unfortunately the rocks, thus indicated by mistake 
in the typical Huronian, are well exposed in a very accessible pari of 
the lake shore, and thus a large number of geologists have gathered 
their ideas of the Huronian in a way that would not have been possible if 
these wrongly included exposures were in a very inaccessible region. 
You will remember -that the break between the Huronian proper and the 
Animikie Series, on which Dawson laid so much stress, was also 
noticed by Yan Hise in his paper on An Attempt to Harmonise 
some apparently Conflicting Views of Lake Superior Stratigraphy ” 
{Amer, Jowrn. Sci., Series iii., vol. xl. 1891, pp. ll^^^s^. Van Hise 
pbfi^rved the importance of this great break too late- ' ' enable 
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him to rearrange his ideas for his Bulletin No. 86, and it was only after- 
wards, when writing his memoir on the Lake Superior Iron-Ores, that 
he broke loose from the American Survey traditions and grouped to- 
gether in the Archaean the sedimentary iron formations of Vermilion 
and Marquette, which he had formerly placed in the Algonkian/ 

Report by Mr. H. Kynaston, 

Older Rocks- 

While fully admitting the desirability of securing greater uniformity 
of geological nomenclature between the different colonies, I consider it 
inadvisable at present to introduce names of European or American 
groups and systems into South African geology, except for purposes of 
comparison and correlation. These can be clearly defined in tlie 
Northern Hemisphere, but are not so suitable for South African strati- 
graphy, even if the ages were known of all the South African forma- 
tions. For example, the Karroo System includes a practically uninter- 
rupted succession of beds, which can be correlated with strata ranging 
from the Carboniferous to the Jurassic. 

With regard to the term Archaean, there is not so much objection to 
this as there is at present to the use of such strictly defined terms as 
Palaeozoic, Mesozoic, &c., provided it is employed in its wide sense. 
If so used, it might provisionally include all rocks older than the Wifc- 
watersrand System — i-e-, the older granites, the Swaziland sedimentary 
beds (Moodie's series in the Eastern Transvaal and Kraaipan formation 
in the West and Bechuanaland Protectorate), and the basal gneissic and 
schistose complex. It would be unwise to include the Witwatersrand 
System also in the Archaean, as we do not yet know whether this may 
not correspond to part of the early Palaeozoic. 

Ventersdorp System, 

The rocks included in this system have not yet been properly sur- 
veyed or classified in the Transvaal, but they should certainly rank as a 
separate system, since there is a marked break both above and below 
them, and they include sedimentary as well as volcanic rocks, both in* 
the Transvaal and Cape Colony (Bechuanaland and Griqualand West). 
In the north of the latter colony they have been subdivided into three 
series, which are probably also developed in the western Transvaal. 

Transvaal System, 

We consider this to be a suitable term, which should be retained, 

■ especially since it is now generally in use in South African geological 
literature, for the Black Eeef, Dolomite, and Pretoria series, the equiva- 
’•lents of which in northern Gape Colony ai*o as follows, in desbending 
order : — ' 

• Griqua Town series. 

■ [The Ongoluk volcanic series, or Middle Griqua 
Town beds of Eogers, are probably represented 
. by tbe basic amygdaloidal lavas in the middle 
of the Pretoria series.] 

, Bolomiiae limestones of \ 

, fif / Oampbe}] senes, 


Pretoria series’"- 
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The Walerherg System, 

According to the detailed work of Mr. Mellor in the Middelburg 
district this system may be subdivided as follows: — 


N. Cape Colony 
Up>per Matsap beds. 

Probably Middle (volcanic) 
and Lower Matsap. 

The Sijarira and Umkondo series of Ehodesia may very probably be 
the equivalent of the Waterberg System. 


Upper 

Lower 


Sandstone and quartzite series 
Shale and sandstone series . . 

Volcanic series, with interbedded - 
shales and sandstones J 


Karroo System, 

With regard to the classification of this system, we consider that 
that of Cape Colony should be followed as far as possible, as it is there 
that the system has its maximum development ; also it is important to 
distinguish clearly between the glacial and non-glacial beds, between 
which there is apparently in the Ti'ansvaal a slight unconformity. We 
also approve of the proposal of the Cape Colony members of the Com- 
mittee to abandon the term Ecca and extend that of Beaufort to 
include the Ecca. The term Dwyka, however, should be retained to 
include the beds of glacial origin at the base of the system. 

The following table represents the Karroo System as developed in 
the Transvaal, with the probable Cape Colony and Ehodesian equiva- 
lents: — 


Karroo System, 


Volcanic series 


Lebombo rhyolites 
Bushveld amygda- 
loids 


(absent) 

Volcanic group \ 


Tuii amygdaloid and 
Batoka basalts. 


Bushveld sand- 
stone scries 


Fine red and yellow 
sandstones 
Sandy marls and 
shales 


Coal-incasurc scries 


(Slight unconformity) , 


Glacial conglomerates and shales 
(Dwyka) 


Cave sandstone 
Bed beds 

Molieno beds ? 
Beaufort series 


Ecca (practi- 
cally absent 
inTransvaah^ 
Dv^ka series 




Forest sandstones, 
Samkoto series and 
IClaballa sandstones 
of Beehuanaland 
Protectorato, 


Coal-measure series 
(including escarp- 
ment grits, Matoboia 
and Basse beds). 


Glacial conglomerates. 


Report hy Mr. E. P. 

Re the South African Correlation Committee, 1 beg to submit the 
following notes, suggestions, and criticisms on Professor Gregory’s draft 
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On page 124, under &, the reference to ^ mica schists,’ &c., might 
well be omitted, as the South African rocks are almost exclusively 
horn-blendio and usually massive. 

Re Swaziland System, there is no evidence whatever of its relation- 
ships to the rocks of other parts of South Africa, and, moreover, where 
are we to find a reliable and detailed field and petrograpMcal account of 
the typical area to provide a basis for comparison? The Malmesbury 
beds are far more likely to be equivalent to the Band group than to the 
Swaziland series, provided the latter do not prove to be metamorphosed 
representatives of the former. 

Re term Archaean, it should, of course, be used in the comprehensive 
sense in which it was originally proposed, and include therefore such 
rocks as those of the Band. Any divisions of the older rocks should be 
considered merely as subdivisions (systems) of the Archaean group. 
The term AlgonMan is not very euphonious — ^Huronian would be far 
better if such terms are needed, which I doubt. It has also to be 
remembered that, barring a few doubtful ‘ Basement schists, ’ in 
Bhodesia, at least, all the crystalline ‘ basal complex ’ are altered igneous 
rocks intrusive in the schists of sedimentary origin. The same fact was 
accepted by the International Conference of the United States and 
Canadian geologists, I notice, lately, for the relations of the Laurentian 
and Huronian rocks. 

Re other matters, why not shorten ‘ Witwatersrand * to the far 
more euphonious * Band, ’ which everybody really uses ? I agree with 
Professor Schwarz re the Vaal Biver or Ventersdorp series ; as igneous 
rocks they have no claim to the rank of a separate system. I must 
confess, indeed, that I do not like to use names for * systems ’ which 
are unknown to other parts of the world, though we must, of course, 
have local names for purely local purposes. 

I consider it premature to subdivide the Ehodesian coal-beds, as the 
divisions made by Mr. Molyneux at Sengwe cannot be recognised even 
at Wankies, which is a very short distance off, as things go in South 
Africa. There also appear to me the strongest objections to including 
the Forest sandstones even provisionally among the Karroo beds, though 
the latter do appear to include nearly the whole Mesozoic period. The 
Forest sandstones are apparently separated by a great unconformity 
from the underlying upper beds of the Coal series (presumably Upper 
Beaufort, or even later), and it is not very clear either that they do not 
include beds of very different ages. It may be noted that the red beds 
of the Forest sandstones occur above the basalts, or, in rare cases, 
intercolated between them. 

The following is the Ehodesian sequence as at present known : — 


Somabula gravels and sands . 

Porest sandstones with interbedded basalts 
Coal series f*!t]Bteanfort and Eeca beds) . 
Sandstones Waterberg) . . . 

Dolomite ... 

Conglomerate series, with interbedded lavas 
Band^ ironstone series 
t Basbm$p*-S!hisf^ . , , , 


? Tertiary. 

? Cretaceous. 
Permian. 

? Lower Palseozoio. 


1 

/ 


Archaean (with intru* 
sive granites, &c.)* 
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Report by Dr. A. W. Eogers. 

1 think the result of the discussion is chiefly of value in showing 
how we stand in these matters, though I am very sorry that all the 
trouble you have taken has not produced the unanimity you would like. 

I think you are inclined to overestimate the present value of our 
knowledge of South African geology. One great defect is the want of 
information as to the relative ages of the large granite intrusions. If 
we could say with certainty that the Gape Town, Naniaqualand, Gor- 
donia, Bechuanaland, and Transvaal (old) granites were of one age,* 
I would gladly agree to the term Swaziland System for all older 
sedimentaries ; but this is not the case, and the N.W. Cape area ia 
too little known to allow the matter to be fairly discussed. In ten 
years’ time, perhaps, we shall be better off. 

Both du Toit and I are at the present moment much exercised — 
both in leg and mind — on this granite question. We do not agree on all 
points, but that is not from any motive but a desire to get to the 
bottom of it. I do not like to throw whatever weight my decision would 
carry into one scale at present. 

I think Schwarz’s scruples about the Vaal or Ventersdorp System 
well founded. I think I made a similar sort of remark in Annual 
Eeport for 1906, but cannot refer you to the page, as I am in camp in 
Prieska district. It comes in the section on the Pneil series in a report 
on Vryberg and Kuruman. 

The connections between the Vaal and Transvaal ' systems ’ is very 
close, and the unconformities are not limited to the break between the 
two systems, * 

Supplementary Report by Dr. Hatch. 

Since I wrote the above notes I have spent the best part of a year 
in Natal, and have had an oppoi’tunity of studying the ancient floor of 
crystalline schists and intrusive granites which there emerges from 
below the horizontally bedded Karroo and Table Mountain Sandstone 
formation, and is admirably exposed in the deeply incised valleys of 
Zululand. The schistose rocks, which are largely of sedimentary 
origin, are of great variety — dark-coloured hornblende-schists much 
permeated with aplite and pegmatites, and frequently cut by intrusions 
of serpentine, occur in the Mpapala, Port Yolland, and Lower Tugela 
Eiver districts; mica-schists and kyanite-schists, in the Nkandhla 
Forest and on the Bobe Eidge; micaceous and chloritic schists, in the 
Mfongosi Valley; conglomerates, quartzites, quartz-felspar-schists, and 
sericite-schists, in the Buffalo Eiver and Insuzi Valleys; and magnetite- 
quartz-schists, jasper-schists, and quartzites, in the Vryheid district. 

There is no lithological succession that at all resembles the typical 
Eand section, and I do not think that representatives of Jdie. Witwaters- 
rand System exist in Natal. Nor do I agree with Voit-^ ‘that the horn- 
blende-schists, with their permeation veins of aplite , ^d pegmatite, 
can be directly correlated with the Lewisian or Laurenti a gneiss. 

With regard to red sandstone and conglomerate formation, 
1 Tram, Oeol Soc. 8* A,, voL x. (1907) pp. 93, 94, 


1910 
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which, since the days of Sutherland, has been correlated with the Table 
Mountain Sandstone of Cape Colony, this formation bears the closest 
resemblance to the Waterberg Sandstone of the Transvaal, and thus 
lends further support to the correlation of the latter with the Cape 
formation. If this view be correct, the Matsap beds of Griqualand 
West, which have been shown by Rogers ^ to be older than the Table 
Mountain Sandstone of the Cape, cannot be correlated with the Water- 
berg Sandstone of the Transvaal. 


Photographs of Geological Interest. — Seventeenth Report of ike Com- 
mittee, consisting of Professor J. Geikie {Chairman)^ Professorj 
W. W. Watts and S. H. Reynolds (Secretaries), Dr. Tempest 
Anderson, Mr. G. Bingley, Dr. T. G. Bonne y, Mr. C. V. Crook. 
Professor E. J. Garwood, Messrs. W. Gray, R. Kidston, and 
A. S. Reid, Dr. J. J. H. TexIll, and Messrs. R. Welch, W. 
Whitaker, and H. B. Woodward. (Draivn up hy the Secretaries.) 

The Committee have to report that since the issue of the last report 
in 1908 there have been received 410 photographs for the national 
collection. The total number in the collection is now, 6, 227, and the 
yearly average amounts to about 250. 

These photographs have been received, acknowledged, catalogued, 
mounted, and stored at a cost to the Association# of 4‘6d. per print, 
or, adding the collection of about 453 duplicates, a cost of 4:'Bd. per 
photograph. 

The Geological Survey continues to provide accommodation for the 
sforage of the collection and provides facilities for inspection by the 
public and work upon the collection by the Secretaries. 

The annexed geographical scheme shows the distribution of the 
new accessions among the counties. Dumbartonshire figures in the 
scheme for the first time, and notable additions are recorded in the 
counties of Dorset, Gloucester, Somerset, Yoi'kshire, Pembroke,. 
Inverness, Galway, Mayo, and the Isle of Man. 

The principal contributors this year are Mr. Bingley and ProfessoT 
Reynolds. The former continues his survey of the Yorkshire coast, 
and sends also series from Richmond, Leeds, and Pickering. He con- 
tributes, moreover, photographs from the Isle of Man and the Welsh 
borderland. Professor Reynolds gives a set of serial sections taken on 
both sides of the classical Avon Gorge, and series from Skye and the 
Dorset coast. In addition, he sends photographs from Hereford, 
Somerset^^J5iais|iire, a considerable Welsh seides, chiefly Carboniferous 
and veknmic, j^+^veral sets from regions in Scotland and Ireland. 

An interes/ ag beautiful set of Carboniferous and Devonian 
volcanic pliobt Taphs ’’comes from Mr. E. VQwell SheiTing, and 
examples taken during Excursions of the Geologists ’ Association by 
•^e Geology of Cape Colony (Dandon, ^ 909), p. Ill, 



Cfounties 

Previous 

Collection 

Additions 

(1910) 

Total 

England — 






Cornwall 


, 

88 

4 

92 

Devonshire 



206 

2 

208 

Dorset 



136 

38 

174 

Cloucestershiro . 



84 

39 

123 

Herefordshire . 



2 

3 

6 

Hertfordshire * 



20 

2 

22 

Kent .... 



155 

6 

161 

Shropshire . 



63 

1 

64 

Somerset . 



122 

47 

169 

Staffordshire 



54 

2 

56 

Surrey 



69 

6 

75 

Sussex 



18 

8 

26 

Yorkshire . 



888 

72 

960 

Others 



1,149 

— 

1,149 

Total 

• 

• 

3,054 

230 

3,284 

Wales — 






Carnarvonshire . 



109 

9 

118 

Denbighshire 



16 

8 

24 

Merionethshire . 



52 

1 

53 

Montgomeryshire 



13 

4 

17 

Pembrokeshire . 


. 

45 

18 

63 

Radnorshire 


. 

21 

5 

26 

Others 


• 

103 

— 

103 

Total 

• 

• 

350 

45 

404 

Channel Islands 

• 

• 

38 

— 

38 

Isle of Man. 

• 


61 

41 

102 

Scotland — 


i 

1 



Argyllshire . 


• i 

36 1 

4 

40 

Ayrshire 



6 ! 

16 

i 22 

Dumbartonshire 



— 

4 

4 

Edinburgh , 


. 

54 

7 ’ 

61 

Inverness-shire . 



i 143 

34 

177 

Others 



I 299 

■— 

299 

Total . . 

• 


538 

65 

603 

Ikeland — 






Dublin. 

, 


44 

5 

49 

Galway 

. 

, 

33 

13 

46 

Mayo .... 

, 

. 

14 

11 

25 

‘Others 


• 

i 578 

— 

578 

Total 

■ 

• 

I 669 

29 

698 

Rock Stexjctubes, &c. 

• 

• 

98 

— 

98 

Summary, 





j 

England 

. 


3,054 

23Q^ 

3,284 

Wales .... 



359 


404 

Channel Islands 

, 


38 


38 

Isle of’ Man. ... 



* . 61 


102 

' Scotland 



538 


, 603 

Ireland 



669 


1 698 

Rock STHDCTxniES, kji . 

• 

• 

98 


1 98 

Total . 

• 

• 

4,314 

410 

^27 
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Mr. T. W. Reader and Mr. James Parker, Mr. Preston contributes 
Cornish photographs taken with his usual skill. 

Other contributors include Mr. E. S. Oobbold, Mr, A. II. Bassano, 
Mr. Baldock, Mr. Eodda, Mr. Russell E. Gwinnell, Mr. A. E. V. 
Zealley, Miss M. S. Johnston, and Miss Hendriks. To all these ladies 
and gentlemen the Committee owe and desii’e to tender their thanks. 

No important additions have been made to the duplicate series. The 
slides have been exhibited by Mr. Whitaker to the following, among 
other Societies: The Battersea Field Club, the Hastings and St. 
Leonards Natural History Society, the Croydon branch of the Selborne 
Society, the Holmesdale Natural History Club, the Ipswich and District 
Field Club, the Tunbridge Wells Natural History Society, and tlie 
South Croydon Literary Society. 

The Committee note with pleasure the issue by His Majesty’s 
Geological Survey of a first list of geological photographs taken by the 
staff of that body, and that the issue of a list of photographs taken by 
the Scottish staff is promised shortly. The Geologists’ Association also 
continues to encourage the taking and registration of geological photo- 
graphs. 

Applications by Local Societies for the loan of the duplicate collection 
of prints or slides should be made to one of the Secretaries. A descrip- 
tive account of them can also be lent. The carriage and the making 
good of any damage to slides are the only expenses to be borne by the 
borrowing Society. 

The Committee I’ecomniend that they be reappointed, that 
Professor J. Geikie be Chairman, and Professors W. W. Watts and 
S. H. Reynolds joint Secretaries. 

SEVENTEENTH LIST OF GEOLOGICAL PHOTOGRAPHS. 

From August 22 , 1908 , to August 23 , 1910 . 

This is a list of the geological photographs which liave been received 
and registered by the Secretaries of the Committee since the publication 
of the last Report, 

Contributors arc asked to affix the registered numbers, as given 
below, to their negatives for convenience of future reference. Their own 
numbers are* added in order to enable them to do so. 

indicates that photographs and slides may be purchased from the 
donors or obtained through the address given with the series. 

Copies of other photographs desired can, in most instances, bo 
obtained from the photographer direct, ^ or from the officers of the local 
society under whose auspices the photograph was taken. The cost at 
which copies njav be obtained depends on the size of the print and on 
local circumstc^ over which the Committee have no control. 

The Comn/ { not assume the copyright of any photographs 
included in t/ Inquiries. jr-especting photographs, and applica- 
tions for pei^ to reproduce them, should be addressed to the 

photographers oct. \ 
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Copies of photographs should be sent unmounted to 
Professor S. H. Eeynolds, 

The University, Bristol, 

accompanied by descriptions written on a form prepared for the purpose, 
copies of which may be obtained from him. 

The size of photographs is indicated as follows: — 

L= Lantern size. 1/1 = Whole-plate. 

1/4 = Quarter-plate. 10/8 =10 inches by 8. 

r/ 2= Half -plate. 12/10=12 inches by 10, &c. 

E. signifies Enlargements. 


ACCESSIONS, 1908-1910. 

ENGLAND. 

Cornwall. — Photograflied hy Harold Preston,* Alverne Bouse, 
Penzance. 1/1. 

Regd. 

No. 

4801 (12) Perranuthnoe, Mounts Bay , Marine erosion of cliffs of ‘ head.* 1908. 

4802 (13) Trevene Cove, Perranuthnoe, Raised Beach. 1908. 

Mounts Bay. 

4803 (14) Pornanvon Cove, St. Just . „ „ 

4804 (15) „ „ , „ (near view). 1908. 


Devonshire,^ — Photographed hy P. T. Blackburn,* Budleigh BaUerton. 
Presented hy E. S. Cobbold, F.G.8. 1/2. 

4805 ( ) Budleigh Salterton, . . Pebble Bed, faulted. 1909. 

4806 ( ) „ ... Pebble Bed and false-bedded Sand. 1909. 


Dorsetshire. — Photographed hy Professor S. H. Eeynolds, M.A., F.G.S., 
The University, Bristol. 1/4. 


4807 (06, 100) Black Nore Point, Port- 

land Isle. 

4808 (06, 101) Black Nore Point and 

neighbouring cliffs, Portland Isle 

4809 (06, 102) Black Nore Point and 

neighbouring cliffs, Portland Isle 

4810 (06, 103) Black Nore Point and 

neighbouring cliffs, Portland Isle 

4811 (06, 104) Near Black Note Point, 
c Portland Isle. 

4812 (06, 106) W, side of Portland Isle 

4813 (06,107) „ 

4814 (06, 108) Black Nore Point, W. 

side of Portland Isle. 

4815 (06, 109) Black Nore Point, W. 

side of Portland Isle. 

4816 (06, 110) Portland Bill . . . 

4817 (06, 111) „ . . . 

4818 (06, 112) S. of Black Nore Point, 

Portland, 


Portland Stone underlain by Portland 
Sand. 1906. 

Cliffs of Portland Beds capped by Pur- 
beck. 1906. 

Cliffs of Portland Beds capped by Pur- 
beck. 1906. 

Cliffs of Portland Bods capped by Pur- 
beck. 1906. 

Chert bands in Portland Stone, 1906. 

Marine erosion of Portland Beds. 1006, 

Talus of Portlandian. 1906. 

Portland Stone on Portland Sand. 1906. 

Portland capped by Purbeck, big talus 
at foot of cliff. 1906. 

Portland Stone. 1906, 

J9 99 

Stools of trees in Purbeck Beds. 1906, 


4819 

4820 


^^Portland’ 


(06, 113) Ne^^aston, Portland . (^toted Purbeck in railway cutting. 
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Rcgd. 

No. 

4821 (06, 115) Near Portland Bill . . Raised Beacli on Portland. 1906. 

4822 „ „ »9 ft ^ 

4823 (06, 117) Bran Point, Osmington Ledges formed of hard bands in the 

Corallian. 

4824 (06, 119) Osmington Mills . . Corallian section, Sandsfoot Beds above, 

Trigonia Beds below. 1906. 

4825 (06, 120) Bran Point, Osmington Corallian section, Sandsfoot Beds with 

Trigonia Beds at foot of cliff. 1900. 

4826 (06, 121) BencM, near Weymouth Corallian section, Sandsfoot Grit on 

Sandsfoot Clay. 1906. 

4827 (06, 122) Cliffs N. of Sandsfoot, Trigonia Beds at foot of cliff. 1906. 

Weymouth. 

4828 (06, 123) Osmington Mills . . Large dogger in the Bencliff Grits. 1900. 

4829 (06, 124) „ . • tt it it it 

4830 (06, 125) „ . . 

4831 (06, 126) Near Sandsfoot Castle, Ferruginous concretions in the Sandsfoot 

Wejnmouth. Grits (Corallian). 1906. 

1832 (06, 127) Near Sandsfoot Castle, Ferruginous concretions in the Sandsfoot 
Weymouth. Grits (Corallian). 1906. 

4833 (06, 128) Near Sandsfoot Castle, Ferruginous concretions in the Sandsfoot 

Weymouth. Grits (Corallian). 1906. 

4834 (06, 129) Sandsfoot, near Wey- Branching * fucoidal bodies ’ in the Sands- 

mouth. foot Beds (Corallian). 1906. 

4835 (06, 130) Sandsfoot, near Wey- Branching ‘ fucoidal bodies’ in the Sands* 

mouth. foot Beds (Corallian). 1906. 

4836 (06, 131) Sandsfoot, near Wey- Branching ‘.fucoidal bodies’ in the Sands- 

mouth. foot Beds (Corallian). 1906. 

4837 (06, 132) Portland .... End of the Chesil Beach. 1906. 

4838 (06, 133) Between White Notho Chalk Cliffs. 1906. 

and the Burdle Promontory. 

4839 (06, 135) Cliff E. of Holworth Chalk resting on Upper Greensand. 

House, N.E. of Weymouth. 1906. 

4840 (06, 136) Cliff E. of Holworth Chalk resting on Upper Greensand. 

House, N.E. of Weymouth. 1906. 

4841 (06, 138) The Durdle Promontory The Burdle Promontory is Portlandian ; 

and the neighbouring cliffs. the high cliffs to the left are Chalk. 

1906. 

4842 (06, 140) Near Holworth House, Unconformable junction of Upper Cro- 

W. of White Nothe. taceous and Upper Jurassic. 1006. 

4843 (06, 143) Near Holworth House, Unconformable junction of Up])er Cro.» 

W. of White Nothe. taceous and Upper Jurassic. 1906. 

4844 ((H>, 142) Near Holworth House, Upper Jurassic rocks, Portlandian section 

W. of White Nothe. to the left, ICimmcridgo Clay in right 

lower half. 1906. 

Glouoestershiee. — Photogra'phed hy Miss Eileen Hendetes, 

405 Hagley Road, Birmingham. 1 / 4 :. 

4845 ( ) Budbridge, nr. Stroud . . Pit in Middle Lias. 1908, 

4848 ( ) Breakheart Hill, nr. Nibley Upper Trigonia Grit and Freestone j 

false bedding. 1908. 

4847 ( ) Cam Long Down, nr. Nibley An outlier of the Cotteswolds. 1908.. 

Photografhed hy Miss M. S. Johnston, Hazelwood, Wimbledon. 1/4. 

4848 ( ) X*eckhamptonHill. . * Grit resting on bored sur- 

^ of Nbt^ove Freestone. 1908. 

4849 ( ) Bamery Bridge, nr. Quarry in 

worth. 

4850 ( ) Bamery Bridge, nr. Tort* ^ 

worth. 


TrapV 1^08, 
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Photographed hy Professor S. H. Reynolds, M,A,y F,G,S»f 
The University, Bristol, 1/2 and 1/4. 


Regd. 

No. 

<S851 (05, 21) Avon section, lower cut- 
ting on Avonmouth line. 

4852 (05, 22) Avon section, upper cut- 

tin T on Avonmouth lino. 

4853 (05, 23) Avon section, lower cut- 

ting on Avonmouth line. 

4854 (05, 24) Avon section, lower cut- 

ting on Avonmouth line. 

4855 (05, 25) Avon section, mouth of 

Durdham Down tunnel. 

4856 (05, 26) Avon section, Sea Walls, 

&c. 

4857 (05, 27) Avon section, general 

V lew from the N. 

4858 (05, 28) Avon section, Black Rook 

Quarry and other exposures, 

4859 (05, 29) Avon section, Black Rook 

Quarry. 

4860 (05, 30) Avon section. Press, and 

Black Rock Quarries. 

4861 (99, 31) Avon section, ihe Gully. 

4862 (05, 31) Avon section, between the 

Great Quarry and the Gully. 

4863 (05, 32) Avon section. Gully and • 

end of Great Quarry. 

4864 (05, 33) Avon section, N. ends 

Great Quarry. 

4865 (05, 34) Avon section, Great 

Quarry. 

4866 (05, 35) Avon section, Great 

Quarry. 

4867 (05, 36) Avon section, Clifton 

4868 (05, 38) Avon section. Bridge 

Valley road, &c. 

4869 (05, 39) Avon section, N. of Ob- 

servatory Hill, Clifton. 

4870 (05, 40) Avon section, Observa- 

tory Hill and the Suspension 
Bridge. 

4871 (05, 41) Avon section, Clifton* 

Do^m. 

4872 (99, 35) Avon section. Observa- 

tory Hill. 

4873 (05, 43) Avon section, between the 

old zigzag path and the Bridge. 

4874 (05, 44) Avon section, Groat 

Quarry to Point Villa. 

4875 (05, 45) Avon section, Clifton • 

4876 (06, 164) Shirehampton cutting . » 

4877 (08, 1) Brinkmarsh Quarry, Whit- 

field, near Tortworlttn--^.^,^ 

4878 (08, 5) Cullimore’s tjuarry, Chhr- 

field Green. ,, 


Modiola Beds (Km,). 1905. 

Bryozoa Bed (hor. a) and Modiola Bods 
(hor. Km.). 1905. 

Modiola Beds (Km.). 1905. 

Bryozoa Bed (hor. a) and Modiola Bod i 
(hor. Km,). 1905. 

Passage Beds to O.R.S. 1905. 

Z and K Beds. 1905. 

Succession Z. to Di. 1905. ^ 

Z Bods with K Beds below. 1905. 

Z Beds and part of 0 Bods. 1905. 

Z Beds. 1905. 

• 

0 Beds, Dolomites and Oaninia Oolite. 
1899. 

Oaninia Dolomites (Og). 1905. 

Caninia Dolomites and over and under- 
lying strata. 1905. 

Detail Sj Beds. 1905. . 

S Beds. 1905. J 

S Beds and base of D^. 1905. 

D Beds between Point Villa and the 
Great Quarry. 1905. 

Succession St to D^ and the fault. 1905. 

D^ Beds with So thrust over them, 1905. 

Si Bods thrust over Dg Bods. 1905. 


Sg repeated by the fault. 1905. 

Sa Bods thrust over Da Beds. 

Upper Sa Beds and lower D^ Beds re- 
peated by1;he fault. 1905. 

S and D Beds. 1905. 

Di (and part of D^) repeated by the 
fault. 1905. 

Syncline of O.R.S. overlain by Doloaiitic 
Conglomerate. 1906. 

Wenlock Beds with Limestone bands re- 
placed by Celestine. 1908. 

Ashy Limestone of Silurian age occupy • 
ing a hollow in Amygdaloidal Basalt. 
1908. 
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R6gd4 

No. 

$879 (06, 165) Garden Clifi on the 

Severn. 

$880 (06, 166) Garden Cliff on the 

Severn. 

$881 (06, 167) Garden Giff on the 

Severn, 

$882 (06, 168) Garden Cliff on the 
Severn. 

$883 (06, 169) Garden Cliff on the 

Severn. 


General view, Keuper, Rhsefcic and base 
of Lias. 1906. 

General view, Keuper, Rhcotio and base 
of Lias. 1906. 

Top of Keuner and base of Rhsstio. 
1900. 

Red Keuper Marls forming west end of 
section. 1906. 

Lower part of the Rhsstio Series. 1906, 


Herepobdshiee.— PA o^o^rayAe(Z hy Professor S. H, Reynolds, M.A., 
F.G,S,y The University, Bristol. 1/2 and 1/4. 

$88$ (08, 50) Bartestree Quarry • . Basic dyke in Old Red Sandstone. 1908. 

$885 (08, 53) „ „ . , Junction between Dolorito (left) and 

altered Old Red Sandstone (right) 
northern junction. 1908. 

$886 (08, 54) „ », ♦ . Junction between Dolerite (right) and 

altered O.R,S. (left) southern junc- 
tion. 1908. 

• 

^ Hertpordshieb. — Photographed hy T. W. Reader, F.G.S., 

17 Gloucester Road, Finshury Parh, N. 1/4. 

^87 ( ) Chadwell Spring, Hertford . Head of New River Waterworks. 1009. 

$888 ( ) ,, „ • »> tf ,» 9f 

Kent. — Photographed hy T. W, Reader, F.G.S., 17 Gloucester Road, 
Finshury Parh, N. 1/4. 

Chalky rainwash, 1909. 

>» »» 

Old chalk quarry, with * pipes.’ 1909. 
Gravel pit. 1909. 

i* 9* 

99 99 

Shropshire, — Photographed hy Godfrey Binoley, Thomiehurst, 
Headingley, Leeds. 1/2. 

$895 (8064) Selattyn . * . , Carboniferous Limestone with Litho* 

strotion irregulare, 1908. 

Somerset. — Photographed hy James Parker, M.A., F.G.S., 

21 Turl Street, Oxford. 1/4. 

$896 (8) Boulting Quarry in Boulting Stone, Inferior Oolite. 

1909. 

$897 (7) Waterlip Quarry, nr. Prome , Carboniferous Limestone, j3, Z„ Z,. 

1909. 

$898 (3) Vallis Vale • • • • Inferior Oolite resting unconformably on 

Carboniferous Limestone. 1909. 

$899 (2) „ .... Inferior Oolite resting unconformably on 

Carboxdierous Limestone. 1909. 

$900 (1) „ . • • ^ * Inferior Oieiite resting unconformably on 

Carboniferous Limestone. 1909. 


$889 ( ) Otford Station 
$»»0 ( ) „ 

$891 ( ) Kemsing . 

$892 ( ) Green Street Green 
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Photografhed hy R, VowBLL Sheering, F.G.S., HoMatrow, nr, Bristol, 


Begd. 

No. 

$901 (1) Sunnyhill Quarry, nr. Stoke 
Lane. 

$902 (2) Sunnyliill Quarry, nr. Stoke 
Lane, 

$903 (3) Moon Hill, nr. Stoke Lane * 

$ 90 $ ,, ,, • 

$905 (4) Beacon Hill, from Moon Hill • 

$906 (A) Spring Cove, nr. Weston- 
super-Mare. 

$907 (B) Spring Cove, nr. Weston- 
super-Mare. 

$908 (C) Middle Hope Bay, nr. Wood- 
spring Priory. 

$909 (E) Middle Hope Bay, nr. Wood- 
spring Priory, 

$910 (D) Middle Hope Bay, nr. Wood- 
spring Priory, 

$911 (F) Middle Hope Bay, nr. Wood- 
spring Priory. 


Tuff and Andesite. 1907, 

»> »> »» 

Vent ; ashy Conglomerate, 190V. 

*» it it 

1907. 

Carboniferous Agglomerate. 1907. 

Carboniferous Limestone and volcanic 
rooks. 1907. 

Carboniferous Limestone, asby, 1907, 

» »» a it 

Limestone with Zaphrentia and volcanic 
ash. 1907. 

Massive Limestone with lapilli in lower 
part. 1907. 


$912 

$913 

$ 91 $ 

$915 

$916 

$917 

$918 

$919 

$920 

$921 

$922 

$923 

$ 92 $ 

$925 

$926 

$927 

$928 

$929 


Photographed by Professor S. H, Reynolds, M.A.y F.G.S,, 
The University, Bristol. 1/2 and 1/4:. 


(06. 17) Work Hill. . 

, , 

(05, 47) Avon 

section. 

Leigh 

Woods. 



(06, 48) Avon 

section. 

Leigh 

Woods, 



(06, 49) Avon 

section, 

Leigh 

Woods. 



(05, 60) Avon 

section. 

Leigh 

Woods. 



(06, 52) Avon 

section. 

Leigh 

Woods, 



(06, 63) Avon 

‘ section, 

Leigh 

Woods. 



(05, 69) Source 

of Axe, Wookey 


Cave. 

(06, 147) The Ebbor Gorge, Men- 
dips, 

(06, 149) O.B.S. of Woodhill Bay, 
Portishead, 

(06. 161) O.B.S. of WoodhiU Bay, 
Portishead. 

(06. 162) O.B.S, of Woodhill Bay, 
Portishead. 


(06, 167) S.E. of Moon’s Hill, 
Stoke Lane, Mendips. 

(06, 169) S.E. of Moon’s Hill, 
Stoke Lane, Mendips. 

(07, 62) Woodspring or Swallow 
CSdff (Middle Hope). 

(07, 64) Woodspring or Swallow 

CHff(: ‘ 

(07, 64*) 

Cliff 
(07, < 



Carboniferous ; folded S Beds. 1906. 

Quarry 1 and 2 with the succession from 
ZitoC,. 1906. 

Quarry 1, 2 and 3 with the succession 
from Zi to Cg. 

Quarry 4 and 6 with the Sg and lower Dj 
Beds. 1906. 

Quarry 2 and 3 with the succession from 
Zg to Cy 1905. 

Quarry 6 with S* Beds and base of B,. 
1906. 

Quarry 6 with upper Sj and lower B, 
Beds. 1905. 

1905. 


Gorge in Carboniferous Limestone. 1906. 

Shales on massive Sandstone. 1906. 

Limestone and Conglomerate. 1906, 

Conglomeratic layer overlying Calcareous 
layer. 1906. 

Quarry in coarse ashy Conglomerate. 
1906. 

Quarry in coarse ashy Conglomerate. 
1906. 

Eaised Beach. 1907. 


Spheroidal Basalt resting on Tuff yeined 
with Calcite* 1907. 

Bedded Tuff on Amygdaloidal Basdt. 
1907. 


-^^culaT lapilli in Limestone. 


1907. 
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Begd. 

No. 

$930 (07, 66) Woodspring or Swallow 
Cliff (Middle Hope). 

$931 (07, 67) Spring Cove, Weston- 
super-Mare. 

$932 (07, 68) Spring Cove, Weston- 

super-Mare. 

$933 (07, 70) Spring Cove, Weston- 

super-Mare. 

$93$ (07, 71) Spring Cove, AVeston- 

super-Mare. 

$935 (07, 74) Spring Cove, Weston- 
super-Mare, 

$936 (07, 75) Spring Cove, Weston- 

super-Mare. 

$937 (07, 76) Spring Cove, AA^’eston- 

super-Mare. 

$938 (07, 77) Spring Cove, Weston- 

super-Mare. 

$939 (08, 10) Western end of Mondip 
range. Uphill, Brean and Stoop 
Hoknes. 

$9$0 (08, 11) Brean Bown . . 

$9$1 (08, 12) Western end of Mendip 
range from Brean Bown. 

$9$2 (08, 13) Brean Bown . • . 


A^esicular lapilli in Limcston\ 1907. 

Basalt enclosing Limestone masses. 1907. 

Basalt and Limestone enclosed in Tuff. 
1907. 

Basalt enclosing Limestone masses, 1907. 

Calcareous bands between Basalt 
spheroids. 1907. 

Spheroids of Basalt in Tuff. 1907. 

» >9 99 99 99 

99 99 99 99 99 

Lava enclosing Limestone mass. 1007. 
1908. 

Southern (scarp) face. 1908. 

1908. 

Northern (dip sloi)o) face. 1008. 


Staffordshire. — Pliotograplied ly A. H. Bassano, IlaclenJioIme, 

OU Hill Staffs. 1/2. 

$9$3 ( ) Barby’s Hill Quarry, Rowley Columnar Dolerito, 1009. 

Begis. 

$9$$ ( } New Turner’s Hill Quarry, Weathered si)heroiclal Bolorite. 1009. 
Rowlej’’ Regis. 

Surrey. — Photographed ly J. H. Baldock, F,RP.S., Overdale, 

St. Leonards Poad, Croydon. 1/2. 

$9$5 (08, 307) Worms Heath, nr. Upper Funnel-shaped mass on Chalk in Gravel. 

Warlingham. 1908. 

$9$6 (08, 308) AVorms Heath, nr. Upper Gravel pit, 1008. 

Warlingham. 

$9$7 (08, 309) Worms Heath, nr. Upper „ „ ^ 

Warlingham. 

$9$8 (08, 310) Worms Heath, nr. Upper „ „ 

Warlingham. 

Photographed hy T, W. Ebader, F.6.S., 17 Qhweslcr Road, Finsbury 

Parh,N. 1/4. 

99S9 { ) Mottksliatch, nr, Guildford . Ghalk ; zones of M. eor-ksiudiaaria, 

H. planua, and T, gracilis. 1909. 

«960 ( ) „ „ . Cihalk; zones of M. cor4estudmariat 

H. 'pJanuSy and T. gracilis. 1909. 


Sussex. — Photographed by T. W. Eeadeb, F.Q.S., 17 Gloucester Road, 
Finsbury Park, N. 1/4. 


4951 { ) EiOttingdean Cliffs 

4962 ( ) 

495S ( ) 

4964 ( ) 

4966 ( ) 

4966 ( ) 
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Photogm'plied ly J. T. Robda, Eastbourne* 1/2, 

Regd. 

No. 

iS957 ( ) Guckmere Haven . . • Paranioudra on beach. 1907. 

4958 ( ) „ ... Mass of Flint. 1907. 


Yorkshire. — Photographed by Godfrey Bingley, Thorniehursty 
Headingley, Leeds. 1/2. 


4959 

4960 

4961 

4962 

4963 

4964 

4965 

4966 

4967 

4968 

4969 

4970 

4971 

4972 

4973 

4974 

4975 

4976 

4977 

4978 

4979 

4980 

4981 

4982 

4983 

4984 

49B5 


(8332) Barton Quarry, nr. Eich- 
mond. 

(8333) Barton Quarry, nr. Eich- 
mond. 

(8334) Barton Quarry, nr. Eich- 
mond. 

(8335) Barton Quarry, nr. Eich- 
mond. 

(8336) Barton Quany, nr. Eich- 
mond. 

(8337) Barton Quarry, nr. Eich- 
mond. 

(8338) Barton Quarry, nr, Eich- 
mond, 

(8339) Barton Quarry, nr. Rich- 
mond. 

(8340) Barton Quarry, nr. Rich- 
mond. 

(8341) Barton Quarry, nr. Rich- 
mond. 

(8342) Barton Quarry, nr. Rich- 
mond. 

(8343) Barton Quarry, nr. Rich- 
mond. 

(8344) Foroett Quarry, nr. Rich- 
mond. 

(8345) Forcett Quarry, nr. Rich- 
mond. 

(8346) Forcett Quarrj", nr, Rich- 
mond. 

(7953) The Needle’s Eye, Nowton- 
dalc, nr. Pickering. 

(7954) Near the Needle’s Eye, 
Newtondale, nr. Pickering. 

(7957) Staindalo . . . . 


(7958) The Bridestoncs, nr. Picker- 
ing. 

(7959) Tho Bridestonos, nr. Picker- 
ing. 

(7960) The Bridestones, nr. Picker- 


ing. 

(7962) The Bridestoncs, nr. Picker- 
ing. 

(7570) Clifis N. of Robin Hood’s 
Bay. 

(7573) Cliffs N. of Robin Hood’s 
Bay. 

(7576) Cliffs, Robji^HQo^Bay . 
(7580) Peak 


(7683) Bleiut 


Grinoidal Limestone (underset Lime- 
stone), Yoredale Series. 1908. 

Ck’inoidal Limestone (underset Lime- 
stone), Yoredale Series. 1908. 

Boulder Clay resting on underset Lime- 
stone. 1908. 

Boulder Clay resting on underset Lime- 
stone. 1908. 

Glaciated surface of underset Limestone 
and overlying Boulder Clay. 1908. 

Glaciated surface of underset Limestone. 
1908. 

Underset Limestone (Yoredale Series). 
1908. 

Boulder Clay. 1908. 

Boulder Olay filling joints in Cherty Lime- 
stone. 1908. 

Chert in underset Limestone. 1908. 

Cherts and Crinoids in underset Lime- 
stone. 1908. 

Wedge-bedded Yoredale Limestone. 1908. 

Pre-glacial floor of Yoredale Limestone. 
1908. 

Quarry in ‘Main Limestone’ (Yoredale 
Series). 1908. 

Drift-filled cavity in Limestone floor. 
1908. 

Kellaway Rock. 1907. 

Kellaway Rock escarinnent. 1907* 

Tho ‘ Bridestones ’ seen on tho left# 
1907. 

Weathered Calcareous Grit. 1907. 


>» »> »j 

Undercut Calcareous Grit. 1907. 

»> w ii 

Lias. 1907, 


’ »5 ' 

. Lower Lias. 1907. 

Dogger with bands of pebbles and shells 
weathered out. 1907. 
jjtopression of iron plate from wreck on 
>3iQulder, caused by action of waves. 
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Regd. 

No. 

4986 


4987 


4988 


4989 

4990 

4991 

4992 

4993 

4994 

4995 

4996 

4997 

4998 

4999 

5000 

5001 

5002 

5003 

5004 

5005 

5006 

5007 

5008 

5009 
6010 

5011 

5012 

5013 

5014 

5015 

5016 
6017 

5018 

5019 

5020 

5021 

5022 


(7584) Blea Wyke . . • 


(7580) „ 


(7587) 


(7588) „ . . . . 

(7591) Hawsker Bottom 
(7592) „ . . 

(7593) „ . . 

(7594) „ . . 

(7696) „ . . 

(7598) Near Castle Chamber, 
Hawsker Bottom. 

(7599) Castle Chamber, Hawsker 
Bottom. 


Impression of iron plate from wreck on 
boulder, caused by action of waves. 
1907. 

Boulders on shore, worn and dovetailed 
into one another by action of waves. 
1907. 

Boulders on shore, worn and dovetailed 
into one another by action of waves. 
1907. 

Nerinea Bed in Dogger. 1907. 

Current bedding in block of Dogger. 1907. 
Upper Lias Breccia. 1907. 

Current bedding in block of Dogger. 1907. 
Block of Dogger with pebbles. 1907. 
Upper Lias Breccia. 1907. 

Spinatus zone. 1907. 


(7600) Cliffs, Hawsker Bottom . Estuarine Beds, Dogger and Upper Lias. 

1907. 

(7602) „ „ „ . Estuarine Beds, Dogger and Upper Lias. 

1907. 

(7604) Hawsker Bottom . . Marine pot-hole. 1907. 

(7606) Robin Hood’s Bay . , Block of Middle Lias full of Pecten, &c. 

1907. 


Block of Middle Lias with Dentalium 
giganteum. 1907. 

Dogger and Upper Lias. 1907. 

>» » » 

>» ft ft 

ytyjxof „ „ . , „ „ „ 

(8372) Marske Quarry, nr. Salt- Lower Estuarine Sandstones with Plant 
bum. Beds. 1908. 

(8379) Marske Quarry, nr. Salt- Blocks of Lower Estuarine Sandstone 
bum. with fossil Plants. 1908. 

(8380) Marske Quarry, nr. Salt- Blocks of Lower Estuarine Sandstone 
bum. with fossil plants. 1908. 

(8383) Shore under Huntcliff S. of ‘ Mushroom rocks ’ — undercut Middle 
Saltbum. Lias blocks. 1908. 

(8384) Shore under Huntcliff S, of ‘ Mushroom rock * and pot-hole. 1908. 
Saltbum. 

(8385) Shore under Huntcliff S. of ‘ Musliroom rocks ’—undercut Middle 
Saltbum. Lias blocks. 1908. 

(8386) Shore under Huntcliff S. of ‘ Mushroom rocks ’ — undercut Middle 
Saltbinm. Lias blocks. 1908. 

(8388) Shore under Huntcliff S. of Boulders of Middle Lias on Lower Lias 
Saltbum. floor. 1908. 

(8390) Shore under Huntcliff S. of * Mushroom rocks ’ — undercut Middle 
Saltbum. Lias blocks. 1908. 

(8391) Huntcliff and shore at low * Mushroom rocks ’ on Lower Lias Shales, 
water. 1908. 



(7608) 

(7610) Peak Alum Quarries . 
(7613) 

(7614) 
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Eegd. • 

No. 

5023 (8034) Hawkesworth. Quarry, Channel in Millstone Grit filled with Coal 

Horsforth, nr. Leeds. Measure Shales. 1908. 

5024 (8035) Hawkesworth Quarry, Hors- Goal Measure Shales on Millstone Grit. 

forth, nr. Leeds. 1908. 

5025 (8036) Hawkesworth Quarry, Hors- Sandstone band near base of Coal 

forth, nr. Leeds. Measures. 1908. 

5026 (8038) Hawkesworth Quarry, Hors- Sloping surface of Millstone Grit. 1908. 

forth, nr. Leeds. 

5027 (8039) Hawkesworth Quarry, Hors- Coal Measure Shales ■\^^th thin Coal seam. 

forth, nr. Leeds. 1908. 

Photografked hy Professor S. H. Eeynolds, M.A,, F.G.S,, 

The University, Bristol. 1 / 4 . 

5028 (06, 171) By the Nidd below Unconformity, Magnesian Limestone on 

Knaresborough. Millstone Grit. 1906. 

5029 (06, 176) Knaresborough . . The Dropping Well. 1906. 

5030 (06, 177) „ . . Petrification in progress at the Dropping 

Well. 1906. 


WALES. 

Caenarvon. — Photographed by Professor S. H. Eeynolds, M.A., F.G.S., ‘ 
The University, Bristol. 1 / 4 . 

5031 (06, 88) Cam Boduan, nr. Nevin. Formed by an ‘ Andesitic intrusion.* 

1906. 

5032 (06, 92) Careg-y-defaid, Pwllheli. Weathered surface of nodular Rhyolite. 

1906. 

5033 (06, 93) „ » • Weathered surface of nodular Rhyolite. 

1906. 

5034 (06, 94) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

5035 (06, 96) „ „ ♦ Weathered surface of nodular Rhyolite. 

1906. 

5036 (06, 96) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

5037 (06, 97) „ „ . Weathered surface of nodular Rhyolite. 

1906. 

5038 (06, 98) Pen-y-chain, Pwllheli . Weathered surface of banded Rhyolite. 

1906. 

5039 (06, 99)' „ „ . Weathered surface of nodular Rhyolite, 

1906. 

‘ Denbigh. — Photographed hy Godfrey Bingley, Thorniehurst, 

Headingley, Leeds. 1/2 and 1 / 4 . 

5040 (8066) Cae Deiews, Llansaintffraid, Intrusive columnar Felsite. 1908. 

Glyn Cciriog. 

5041 (8067) Llansaintffraid, Glyn Ceiriog. Quarry in Rhyolite, 1908. 

5042 (8069) Castle Mill Quarry, Glyn Carboniferous Limestone. 1908. 

Ceiriog. 

5043 (8072) Eglwyseg Rocks, Llan- Carboniferous Limestone escarpment 

gollen. 1008. 

5044 (8074) Trevor Quarry, Eglwyseg, Carboniferous Limestone. 1908. 

Llangollen. 

5045 (8076) Trevor Quarry, Eglwj^seg, Lode in Carboniferous Limestone. 1908. 

above 


Llangollen. 

5046 (8094) CaderJ 

Pistyll 

5047 (8097) 
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Merioneth. — Phoiographed hy Professor S. H. Reynolds, 

The University i Bristol. 1/4. 

Regd. 

No, 

50^8 (06, 90) Cwm Bychan, nr, Harlech Harlech Grits. 190C. 

Montgomery. — Photographed ly Godfrey Bingley, Thornichurst^ 
Headingley^ Leeds. 1/4. 

5049 (8106) Llangynog .... Upper portion of volcanic neck. 1908. 

5050 (8109) Pennant Valley, Llangynog 1908. 

5051 (8110) Llangynog .... Lower portion of volcanic nook, 1908. 

5052 (8117) „ .... Volcanic neck. 1908. 

Pembroke. — Photographed ly Professor S. H. Reynolds, M.A.^ F.G.S., 
The University, Bristol. 1/4. 

5053 (05, 71) Coast S.E. of Nun’s Cambrian Sandstone and Basal Con“ 

Chapel, St. Davids. glomerate, also Pebidian. 1905. 

5054 (05, 73) Nun’s Chapel, St. Davids Weathered surface of Basal Conglomcralo 

of Cambrian. 1905. 

5055 (09, 1) Old Castle Hoad, Tenby . Gullies eroded along Shale bands in ver- 

tical O.R.S. 1909. 

5056 (09, 2) „ „ . Gullies eroded along Shale bands in ver- 

tical O.R.S. 1909. 

5057 (09, 3) Skrinklo Haven, Tenby . Top of O.R.S. (left) and base of Car- 

boniferous (right). 1909. 

5058 (09, 4) „ „ . Arch eroded along bedding planes of 

vortical Carboniferous Limestone. 1909. 

5059 (09, 5) Old Castle Head, Tenby . Cracks in ‘ race ’ beds. 1909. 

5060 (09, 6) W. of Lydstep, Tenby . Gash-Breccia and sea cave. 1909. 

5061 (09, 7) Stackpole Quay, Tenby . Anticline in Carboniferous Limestone 

(hor. a). 1909. 

5062 (09, 8) Wrcokfield Quarry, Tenby Limestone full of Productus giganteus. 

1909. 

5063 (09, 10) Bullslaughter Bay, Stack Gash-Breccia. 1909. 

Rocks. 

5064 (09, 11) Near Bullslaughter Bay, Chert in Carboniferous Limestone. 1009. 

Stack Rooks. 

5065 (09, 12) Near Bullslaughter Bay, „ „ „ „ 

Stack Rooks. 

5066 (09, 14) Stack Rocks, W. of Tonby Marino erosion of Carboniferous Lime- 

stone, 1909. 

5067 (09, 18) „ „ Marino erosion of Carboniferous Lime- 

stone. 1809. 

5068 (09, 19) Skrinklo Haven, Tenby . Sea oaves. 1909. 

5069 (09, 20) Near Skrinkle Haven, Erosion along bedding planes of vertical 

Tenby. Carboniferous Limestone. 1909. 

5070 (09, 21) Cliffs, N. side of Skrinkle Vertical Carboniferous Limestone. 1909. 

Haven, Tenby. 

‘&kT>Tiio'B.---P}iotographed ly Professor S. H. Reynolds, M.A., F.G.8., 
The University, Bristol. 1/4. 

5071 • (05, 65) Caban Cooh, Rhyader . Llandovery Conglomerate. 1905- 

5072 (06, 66) „ „ . Cleaved Slate band in Llandovery Con- 

glomerate. 1905. 

5073 (05, 67) „ „ Section of JU^ndovory. 1905. 

5074 (05, 69) Pont Hyllfan, Elan Valley, Pot-hole|, 

Rhyader. 

6075 (05, 70) Pont HylHan, Elan Valley 
Rhyader. ‘ 
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jElegd. 

No. 

5076 

6077 

5078 

5079 


5080 

5081 

5082 


ISLE OP MAN. 

Photographed by Godfrey Bingley, Thormehwst, Headingley, 
Leeds, IJ^andlji, 


(7710) Tho Whing, Port Soderick 
(7718) 

(7628) Konaldsway, Derby Haven 
(7029) „ 


(7630) 

(7631) St, Michaera Island, Lang- 
ness. 

(7636) Tho Arches, Langness • 


(7036) 

(7637) 


5083 
508 $ 

5085 

5086 

5087 (7611) Scarlet . 


opposite Scarlet 


(7638) Shore 
Quarry. 

(7639) Shore near Scarlet Quarry 


5088 (7643) Scarlet Point • 

5089 (7644) 

5090 (7645) 

■ (7646) Near Scarlet Point 

5091 ■ 

5092 (7650) Scarlet Point 

5093 (7651) 


5094 (7062) OromwelFs Walk, Scarlet 

Point. 

5095 (7663) Cromweirs Walk, Scarlet 

Point. 

5096 (7654) Near Scarlet Point . . 

5097 (7666) 260 yards S. of Close ny 

Chollagh Point. 

5098 (7660) 250 yards 8. of Close ny 

Chollagh Point. 

5099 (7657) Close ny Chollagh Point * 

5100 (7600) Poyll Vaaish • . . 

5101 (7001) „ .... 


5102 (7602) 

5103 (7603) 

5104 (7664) 



Folds in Lonan Flags. 1907. 

>s if if 

1907. 

Basement Conglomorato of Carboniferous 
faulted against Carboniferous Lime- 
stone. 1907. 

* Knobby ’ surface of Lower Carboniferous 
Limestone. 1907. 

Stratification crossed by cleavage in 
Manx Slates. 1907. 

Carboniferous Basement Conglomerate 
resting unconformably on Manx Slates, 
1907. 

Joint plane cutting pebbles of Carboni- 
ferous Basement Conglomerate. 1907. 

Fault in Carboniferous Basement Con- 
glomerate. 1907. 

Lower Carboniferous Limestone contain- 
ing Campophyllum. 1907. 

Lithostrotion mass in Carboniferous 
Limestone. 1907. 

Undulations in Carboniferous Limestone, 
the Stack of Scarlet in the distance 
1907. 

Carboniferous volcanic rooks. 1907. 

Stack of Scarlet with Agglomerate in the 
foreground. 1907. 

Eopy Lava. 1907. 

Undulations in Carboniferous Limestone. 
1907. 

Undulations in Carboniferous Limestone. 
1907. 

Disturbed Carboniferous Limestone con- 
taining quartz pebbles, 1907. 

Junction of Flaggy Carboniferous Lime- 
stone with Volcanic Series. 1907. 

Jointing and flow structure in Carboni- 
ferous Lava. 1907. 

Jagged edge to jointed Carboniferous 
Lava. 1907. 

Sea- worn gullies along joints in Carboni- 
ferous ash, 1907, 

Overthrust in bedded volcanic ash. 
1907. 

Overthrust in bedded volcanic ash. 
1907. 

Crumpling of band of Carboniferous 
Limestone. 1907. 

Dome of Carboniferous Limestone. 1907. 

*Keef knolls’ surrounded by Flaggy 
Limestone. 1907. 

*B.eef knolls’ surrounded by Flaggy 
Limestone. 1907. 

Dome of Flaggy and underlying ‘ Boef 
knoll ’ Limestone. 1907. 
knoll ’ Limestone. 1907* 
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Begdi 
. No. 

6105 C^dS^) Oob-y-Strona, Maugkold 
Head. 

5106 (7690) Gob-y-Beigan . . » 

6107 (7692) Between Gob-y-Beigan and 
Gob-y-Skeddan. 

5108 (7693) Between Gob-y-Beigan and 
Gob-y-Skeddan. 

5100 (7694) Between Gob-y-Beigan and 
Gob-y-Skeddan. 

5110 (7695) Between Gob-y-Beigan and 

Gob-y-Skeddan. 

5111 (7697) &tween Gob-y-Beigan and 

Gob-y-Skeddan. 

6112 (7707) Baroo Ned, Spanish 

Head. 

5113 (7708) Baroo Ned, Spanish 

Head. 

511^ (7711) Bay Stacka and Sugarloaf 
seen from Spanish Head. 

5115 (7713) Bay Stacka and Sugarloaf 

from Spanish Head. 

5116 (7719) The Whing, Port Soderick 


Contorted Manx Slates. 190?. 

Cave in Crush Conglomerate in Mahx 
Slates. 1907. 

Manx Slates reduced to Crush Con- 

glomerate. 1907. 

Manx Slates reduced to Crush Con- 
glomerate. 1907. 

Manx Slates reduced to Crush Con- 

glomerate. 1907. 

Sea cave in Crush Conglomerate. 1907. 

Sea caves in Crush Conglomerate. 1907. 

Quartz veining in Manx Slates. 1907. 

Cliff Section of disturbed Manx Slates. 

Plaggy Grits in Manx Slates, probably 
overfolded. 1907. 

Flaggy Grits in Manx Slates. 1907. 

Fold in Lonan Flags. 1907. 


SCOTLAND. 

As.QYLWBlB.-s.^Phdtogmphed ly EtJSSELL B*. Gwinnell, S. 3 c., F.O.S., 
33 St. Peter’s Square, W, 1/4. 


Bill (74) Eiiean nan Gamha, Lismore Glaciated rook surface. 1907. 

5118 (75) Near Balnagawan Mill> Baised beach and inclinod sill of Basalts 

lismore. 1907. 

5119 (78) Near Balnagawan Mill, Terraco of Travertine. 1907. 

lismore. 


Pf^tograjuJiei hy A, E. V. ZteALhEY, A.R,0,8., Rhodesia Museum, 
Bulawayo, 1/4. 

6120 (113) Glen Croe, Loch Long. . Delta. 1907. 


[ Ayr, — Photographed hy Professor S. H. Reynolds, M,A*, 

The University, Bristol, 1/4. 

5121 (08> 18) Ardmillan Shore S. of Marine erosion of Whitehouse Beds. 

Girvan. 1909. 

5122 (08, 19) Ardmillan Shore S* of Marino erosion of Whitehouse Beds. 

Girvan. 1908, 

5123 (08> 21) N. of Kennedy’s Pass, Contorted Ardwell Beds. 1908* 

S. of Girvan. 

5124e (08, 22) N. of Kennedy’s Pass, „ „ „ 

S. of Girvan. 

5125 (08, 24) Stockinray Shore, S. of Arenig Agglomerate. 1908. 

Girvan. 

6126 (08, 25) Stockinray Shore, S* of ,, 

Girvan. 

5127 (08, 28) Near Bennane Cave, S. ,, 

Girvan, 
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5128 (08> Bennane Head, S. of Bed Chert batldS interbeddcd itt Arenig 

Oirvan. Lava. 1908. 

5129 (08, 31) S. of Bownan Point, , Bed Chert bands interbeddod in Arenig 

Ballantrae. Lava. 1908. 

5130 (08, 32) Near Bennane Cave, S. of Contorted Arenig Badiolarian Cherts. 

Oirvan. 1908. 

5131 (08, 35) Bownan Point, Ballantrae Pillow Lava. 1908. 

5132 (08, 37) Baloreuchan Port, S. of „ „ 

Girvan* 

5133 (08, 38) S. of Bownan Point, „ „ 

Ballantrae. 

5134i (08, 42) Bumfoot, Shore S. of Baised shore platform. 1908. 

Girvan. 

5135 (08, 44) Bennane Head, S. of Baised sea cave. 1908. ] 

Girvan. 

5136 (08, 48) Kennedy's Pass, S. of Benan Conglomerate. 1908. 

Girvan. 

Dumbartonshire.— hy A. E. V. Zealley, 

Rhodesia Museum, Bulawayo^ 1/4. 

5137 (109) Loch Lomond . . • Prom shore above Ardlni. 1907. 

5138 (110> „ ... Glaciated islands. 1907. 

5139 (111) N.£« of Loch Garabal, near Glaciated surface and erratics. 1907. 

Ardlui. 

5140 (125) Bumbarton Castle Bock « Jointing. 1907. 


Edinburgh.— PA oiojfmipAed hy Professor S. H. Reynolds, M.A,, F.O.S., 
The University, Bristol. 1/4. 

5141 (06, 17) Salisbury Crags, from the Shows the underlying Old Red Sand« 

S. ’ stone. 1906. 

5142 (06, 18) Salisbury Crags . « Shows the Old Bed Sandstone below 

the Bolerite. 1906. 

5143 (06, 21) „ . . Junction of intrusive Bolerite and Old 

Red Sandstone. 1906. 

5144 (06, 22) The Basses, Arthur’s Seat 1906. 

5145 (06, 25) Queen’s Drive, Arthur's Agglomerate of vent. 1906. 

Seat. 

5146 (06, 26) Arthur’s Seat . . . Agglomerate of ‘ Gutted Haddie.’ 1906. 

5147 (06, 28) Salisbury Crags, Arthur^s Spheroidal Weathering of Bolerite. 1906. 

Seat. 


Inverness — Skye.^ — Photographed hy Professor S. H. Bbynolds, M.A,, 
F.G.S., The UnvderHty, Bristol. 1/4. 


5148 (07, 3) Glamaig and Beinn Bearg, Two of the Bed Hills. 1907, 

Skye. 

5140 (07, 6) Beinn na Caillich, Skye • One of the Bed Hills, Agglomerate of the 

Kilchrist neck in the foreground, 1907. 

5150 (07, 10) Slopes of CuiUins, N. of Gahbro veins in Peridotite. 1907* 

Tjfhart Point, Slye. 

5151 (07, 11) An Sguman, S.E. of Glen ' Jointing in Peridotite, 1907. 

Brittle, Skye. 

5152 (07, 12) An Sguman, S.E. of Glen Pitted weathering of Peridotite, 1907. 

Brittle, Skye. 

5153 (07, 17) Slopes of CuiUins, S.E. of Crlaciation. 1907. v 

Glen Brittle, Skye. 

5154 (07, 19) Slopes of CuUUns, S.E. ol « * „ „ /•, 
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Regd. 

No- 

5165 (07, 21) N.E. shore of Loch Brittle, 
Skye. 

5156 (07, 22) Sgurr Brittle, Skye * • , 

6167 (07, 24) N.E- shore of Loch Brittle, 
Skye. 

5168 (07, 25) Head of Loch Brittle, 
Skye. 

6159 (07, 26) Near head of Loch 
Brittle. 

5160 (07, 27) S. end of Beinn Suardal, 

nr. Broadford, Skye. 

5161 (07, 29) Torran, S.W. of Broad- 

ford, Skye. 

5162 (07, 30) Torran, S.W. of Broad- 

ford, Skye. 

5163 (07, 32) Near S. end of Beinn 

Suardal, nr. Broadford, Skye. 
.5164 (07, 34) Shore W. of Broadford, 
Skye. 

5165 (07, 35) Shore W. of Broadford, 

Skye. 

5166 (07, 36) Shore W. of Broadford, 

Skye. 

6167 (07, 37) Shore W. of Broadford, 
Skye. 

5168 (07, 38) Shore W. of Broadford, 

Skye. 

5169 (07, 39) Shore W. of Broadford, 

Skye. 

5170 (07, 43) Glenbrittle House, Skye . 
6171 (07,44) 

5172 (07,45) 

6173 (07,46) „ 

6174 (07, 47) N. of Boreraig, Skye 
5176 (07,48) 

5176 (07, 49) S. of Beinn Suardal, nr. 

Broadford, Skye. 

5177 (07, 50) S. of Beinn Suardal, nr. 

Broadford, Skye. 

5178 (07, 52) Shore at Boreraig, S. of 

Broadford, Skye. 

6179 (07, 53) Budh’an Eireannaich, 
N.W. of Broadford, Skye. 

5180 (07, 54) S.E. of Loch Kilchrist, 

S.W. of Broadford, Skye, 

5181 (07, 55) S,W. of Loch Kilchrist, 

S.W. of Broadford, Skye. 


Basalt dyke in bedded Basalts. 1907, 

Cascade over bedded Basalts and intru* 
sive sheets of Dolerite. 1907* 
Agglomerate (?) of a small vent. 1907. 

Small Basalt dyke in bedded Basalts. 
1907. 

Vesicular Basalt. 1907. ^ 

Dyke in Cambrian Limestone. 1907. ] 

Juxtaposed dykes, 1907. 

» »> 

‘ Grikes * in Cambrian Limestone. 1907, 
Sill in Lias, 1907. 

Gully formed by weathering of dyko in 
Lias. 1907. 

Basalt sheet resting on Eelsite. 1907, 

Gully formed by weathering of dyke in 
Lias. 1907. 

Intersecting dykes in Lias. 1907. 

Small dyke in Lias. 1907. 

Muviatile Conglomerate. 1907. 

99 $i 99 

99 99 99 

_ 99 99 

Tnassic Breccia. 1907, 

99 99 

Sink holes in Cambrian Limestone, 1907^ 

99 99 99 ,, 

Lower Lias Shales. 1907. 

Composite sill, 1907. 

Largo multiple dyke. 1907. 

99 99 99 


Dubun.— by Professor S. H. Reynolds, M.A., F.GS., 
The University, pristol, 1/4. 

5182 (06, 197) Killiney Shore ^ . granite dykes in Mica Schist. 1906 

»t * , Granite dyke in Mica Schist. 1906. 

5184 (06,200) >, * . Intrusive junction, Granite and Mica 

Schist. 1906. 

5485 (06| 202) ^ 'Intrusive jtinotion. Granite and Mica 

" iiiiiiia— , 
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5186 (06, 203) Killincy Shore ' • • Weathered surface of Andalusite Schist. 

1906. 

5187 (06, 190) S. of Glensaul . . Limestone Breccia. 1906. 

5188 (06, 193) Glensaul (N. of the Coarse Arenig Tuff. 1906. 

* School). 

5189 (06, 194) Glensaul (N. of the „ „ „ 

School). 


Galway. — Photographed hy Professor S, H. Eeynolds, Af.^4., F.G.S., 
The University, Bristol 1/4. 


5190 (06, 195) Glensaul (N. of the Coarse Arenij Tuff. 1906. . 

School). 

5191 (06, 196) Glensaul (N. of the 

School). 

5192 (09, 23) E. of top of Lettereeneen Ice-worn mass of coarse Arenig Breccia. 

Hill. 1909. 

5193 (09, 26) N. of Lettereeneen Vil- Coarse Arenig Conglomerate. 1909. 

lage, Glensaul. 

519 ^ (09, 28) Glensaul .... Highly disturbed Tuffs and Racliolarian 

Cherts. 1909. 

5195 (09, 29) „ .... Highly disturbed Tuffs and Radiolarian 

Cherts. 1909. 

5196 (09, 30) „ . . . , Highly disturbed Tuffs and Radiolarian 

Cherts. 1909. 

5197 (09, 32) „ . . . . Thick mass of Arenig Chert. 1909. 

5198 (09, 34) The Partry Mountains A dissected plateau, sending spurs north* 

from Lettereeneen. wards. 1909. 

5199 (09, 36) The Partry Mountains, A dissected plateau, sending spurs north- 

from Lettereeneen. wards. 1909. 


Mayo. — Photographed by Professor S. H. Beynolls, M.A,, F,G»S,, 1 

The University, Bristol 1/4. 


5200 (07, 78) Near Shangort, Tourma- 

keady. 

5201 (07, 79) Near Gortbunacullin, 

Tourmakeady. 

5202 (07, 82) W. of Gortbunacullin 

Farm Bridge, Tourmakeady. 

5203 (07, 83) S.W. of Gortbunacullin, 

Tourmakeady. 

5204 (07, 84) S. of Gortbunacullin, 

Tourmakeady. 

5205 (07, 89) Near Ballinrobe 

5206 (07,90) „ . . 

5207 (07,91) . . 

5208 (07; 92) „ . . 

5209 (07,93) „ • . 

.5210 (07, 99) W. of Ballinrobe • . • 


Massive Limestone of Arenig age. 1907. 
Limestone Breccia, 1907. 


9$ 99 


99 99 

Banded Fc-lsitc. 1007. 

Chert masses in Carboniferous Limegtone. 
1907. 

* Grikes * in Carboniferous Limestone. 
1907. 

Cavities of solution in Carboniferous 
Limestone. 1907. 

Cavities of solution in Carboniferous 
Limestone. 1907. 

Carboniferous Limestone country. 1907. 
Syringopora Limestone. 1907. 
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Topographical and Geological Terms used locally in South Africa . — 
Report of the Committee^ consisting of Mr. G. W. Lamplugh 
■ (Ghairman), Dr. F. H. Hatch {Secretary), Dr. G. Corstorphine, 
and Messrs. A. bu Toit, A. P. Hall, G. Kynaston, P. P. Men- 
NELL, and A, K. Eogers, appointed to determine the precise 
Significance of Topographical and Geological Terms used locally in 
South Africa. {Braivn ^ip hy the Secretary.) 

During the year Messrs, Eogers and du Toit have sent in some correc- 
tions, and Mr. du Toit has contributed a few fresh words. These have 
been embodied in the present Eeport. 

Two classes of words are at present being catalogued : — 

I. Topographical terms, 

II. Names of rooks and minerals. 

Most of the words hitherto catalogued are of Dutch origin, but some 
Kaffir and Bushman words have also been included. 


Class I , — Topographical Terms, 

Aar — 

Is the name given to any feature on the surface which is very long compared 
with its breadth. Applied to the outcrop of a dyke, to a low ridge of 
tufa, to a slight depression, or most frequently to a line of country 
characterised by a particular kind of bush. 

Baai — 

A bay on the coast, t.g., Saldanha Baai, 

Bah — 

A basin or basin-shaped hollow. 

Banh — 

low ridge rising suddenly, c.y., Vaalb&nk, - 

Banhen, plural of Banh — , ' . ■ . , 

A term used to denote a step-like .feature, hence hmhm type of scenery, 
in the high veld portion of the Lydenburg district of the Trans\aal, 
due to alternations of harder and softer beds with a low dip. ' ' ' 

Berg, plural Bergen — 

Mountain : the term * de Berg * is especially applied to tlie great eastern 
escarpment of the Transvaal plateau. 


Bosch — 

Bush or wood, e.g., BlaauwboscL 
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Bull — 

A low ridge with gentle and gradual rise and even outline. 

Dam — 

Reservoir or pond. 

Dans — 

A broad shallow valley, e.g., Leeuwen Dans. 

Donga — 

A small ravine or wash-out caused by floods in soft ground. 

A gully or dry watercourse with steep sides, synonymous with the Eastern 
terms waddy and nullah. 

Draai — 

A bend or turn (of a river or range). 

Drifi— 

A ford or crossing of a river. 

DulUy plural Duinen — 

A sand dune. 

Dwala — 

A native term used in Rhodesia for a bare rounded knoll or ridge of rock. 

Eihnd — 

Island, e.g.f Paarden Eiland. 

Fontein — 

A spring. Much used in place-names, e.g., Bloemfontein, Wonderfontein, &c. 

Gai— 

A hole, c.y., JFonder^gaiy a term applied to a sink-hole in limestone formation. 
Oyfergat, a spot from which water trickles; a *soak.’ 

Gouph (pronounced * Cope *) — 

A Bu.shman word, meaning ‘as dry as can be,’ applied to a portion of the 
Western Karroo. 

Heuvel — 

A height or elevation, generally of small magnitude, e.g.^ KHphcuvel. 

Hoeh — 

(i) The area enclosed by a bend in a river. 

(ii) The upper end of a valley shut in by mountains. 

Holie — 

A hollow or depression 

Hoogie — 

A height or elevation, generally of greater magnitude than a * heuvel.* 

Karroo — 

: ■ A Bushman wor^i.^’’™^’ ’ meaning * dry as a bone,’ applied to country 

like the Mijafe Colony (geologically or botanically). 
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Kasteel (literally Castle) — 

A high peak or ridge, e.17., Biebeck’s Kasteel. 

Kloof— 

The head of a valley with steep sides. 

Kno})pie — 

A little hill or knob. 

Kollc — 

A depression in a laagte or river course. 

Kom — 

A basin-shaped hollow, 

Kop^ diminutive Kopje — 

A peak or little hill (literally head), e.j/., Zwartkopje, hence 

Tafelkopje, a flat-topped or table-mountain type of hill; Spitzkop^ a 
sharply pointed type of hill. * 

Kopjes Veld — 

A track of country characterised by numerous little hills. 

Kraal — 

An enclosure for cattle or goats, also a native home or village ; f.j/.jMakapane’s 
kraal. 

Krans or Kranz (often incorrectly written Krantz ) — 

The feature made by a hard rock in a precipice. 

The precipitous face of an escarpment, c.y., Kranskop, Kransberg. 

Kliil — 

A shallow valley or depression, 

Laagte — 

A very shallow valley in which the course of the drainage is ill-defined. 

Monti — 

Mouth (of a river). 

Muur — 

A wall or barrier. 

Naauwfe — 

A narrow portion of a valley or constriction along a gorge. 

Nelc—. 

A high-level gap or pass in a range of hills, e.g., Commando Nek, in the ^ 
Magaliesberg. 

Oog~ 

The *eye* of a river, usually applied to the spring feeding a river, e.^., in 
limestone areas. 

Pan — 

A depression bebw the general level of into which the 

drainage is direcFed. 

' 'X 
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Panneveld — 

Country characterised by numerous pans. 

Plaat — 

A wide surface of bare rock, e.g.^ of granite, e.<7., Klipplaat. 

Plat Kop — 

A fiat-topped hill or mountain. 

Pont — 

A ferry, e.y., Lindeque’s Pont, on the Vaal River, 

Poort — 

A low gap or short narrow gorge intersecting a range of hills = * water-gap * of 
American geologists (lit. gate), e.g,^ Krokodilpoort, Komati Poort, &c. 

Poortje — 

A little poort. 

Punt — 

(i) A point on the coast, or (ii) a spur of a mountain. 

Puts — 

A pit or well, 

Rand — 

A ridge or steep escarpment, generally of no great elevation, c.g,, Rooirand 
V (red ridge), Boschrand, Gatsrand, Witwatersrand (hence ‘The Rand’), 
&c. 

Eandje — 

The diminutive of Band, 

Rug, plural Ruggen — 

A ridge or series of ridges. The ‘ Ruggens ’ in Cape Colony is a plain much 
entrenched by rivers — ^a dissected peneplain. 

Sluit — 

A ditch or water-furrow. 

Spitz Kop — 

A pointed or conical hill. 

Spruit — 

A small river or rivulet. 

Strand — 

A beach or strand, 

Tafelherg or Tafelkop — 

A table-topped mountain, 

Toren — 

A tower (applied to a pointed hill), e.g,, Babylon’s Toren. 

A valley, often distinct in meaning from, vUi, 



154 ItEPOETS ON THE STATE OF SCIENCE, •; 

Veld (mcorrectly Veldt ) — 

Open uncultivated country— . « , -r -.-i 

BusJb veld (D., Boschveld), bush country. Sometimes called Low veld. 
High veld (D., Hoogeveld), high plateaux, about 5,000 to 6,000 feet abuse 
sea-level. 

Middle veld (D. Middelveld). The intermediate mixed country, between 
High and Low veld, 

VlaUe— 

* Flats,’ a wide tract of flat country or plain. 

Vlei or Vley — 

A flat tract of country or area of gentle slope which is periodically subjected 
to flooding; a wide pan of inconsiderable depth. 

Vloer — 

A * floor,’ This term has much the same meaning as Vlei, 

Waterval — 

Waterfall. 

Class II. — Names oj Rochs and MmcraU, 

Amande Klip (Almond-rock}— 

Amygdaloidal lava. 

Bacon-roch — 

A term used by Barberton miners to denote the reddish oherty or jaspery 
variety of the banded ferruginous quartzite, (See Oalico-roclf.) 

Banket — 

A term applied to the Witwatersrand conglomerates on account of a supposed 
resemblance to an almond ‘cake’ made by the Boers. 

Bantam — 

A term used by alluvial diamond diggers to designate striped or banded 
pebbles (magnetite-quartzite or slate, or magnetite- jasper rocks). 

Bar — 

A term used by miners to denote a conspicuous band or scam of rook, dis- 
tinguished by some character such as hardness or colour, e.p,, Red Bar. 

Blaauw-gromd (Blue ground), Kimberlite — > 

The unoxidised portion of the filling of the diamond pipes. 

Blue Ground, See Blaauw-grond, 

Bosjesman's KZip (Bushman’s rock) — 

A term applied t'o the Dwyka of Southern Cape Colony, owing to the jagged 
character of itis weathered surface. 

Calico-rock — 

A term formerly used by the Marabastad miners for a banded magnetite 
quartzite, usually in alternating black and. white bands. . - 

Drip Kalk (Drip-limestone) — 

Stalactitic material. 

Float--- 

A term used by miners for surface 
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Floating Reef — 

A term used by diamond miners for the masses of the ‘country/ or foreign 
rock occurring in a diamond pipe. 

Qruk — 

8hal0, mudstone, or soft variety of Dwyka, 

Haar Klij> (Tliread-rock) — 

* Oroddolito ’ or asbestos. 

HardibanTc — 

A term used by diamond miners for a hard compact variety of ‘ blue-ground * 
very resistant to weathering. 

Ijzer Klip (Ironstone)— 

Applied most conamonly to igneous rocks such as dolerite and diabase. 

Kalhsleen — 

Limestone. 

Klip— 

A stone, or rook. 

OlifanFs Klip (Elephant’s hide rock)—* 

Name given to the Dolomite formation owing to its mode of weathering. 

Ou~Klip or OutU-Klip (Old rock) — 

A secondary limonitic surface-deposit, a kind of laterite. 

A heavy black clayey soil or loam, very common in low-lying areas, overlying 
basic igneous rocks, 

Vuursteen Klip (Firestone rock)— 

Quartz, chert, flint, or very fine-grained quartzite. 

Weer Elip > — 

Lit. weather-stone =a meteorite. 

Yellow Ground — 

A term used by diamond miners for weathered, decomposed, or oxidised 
‘blue ground' in the diamond pipes. 


Occupation of a Table at the Zoological Station at Naples. — Report of the 
Committee, consisting of Professor S. J. Hickson {Chairman), Eev. 
T. E. E. Steering {Secretary), Sir E. Eay Lankbster, Professor 
A. Sedgwick, Professor W. C. McIntosh, Dr. S. P. Harmer, Mr: 
G. P. Bidder, and Dr. W. B. Hardy. 

The Committee report that the Association's table at the Zoological 
Station at Naples has been occupied by the following investigators 
during the past sessky^-uAIr. E. S. Goodrich, F.E.S., Mr. Geoffrey W, 
Smith, Mr. the Hon, Mary Palk. 



im 


BEPORTS ON THE STATE OF SCIENCE. 


The Hon. Mary Palk reports: — 

I occupied the Naples table of the British Association for six mouths, 
from November 1909 until the end of April 1910. Daring that time 
-I was working on the Polyzoa of the Bay of Naples, especially on a 
variety of FlusLm 'papyrea (Pallas) with well-developed ovicells. I 
studied the structure of the oesophageal cells, which show transverse 
striations in the protoplasmic walls as mentioned by Henneguy, and 
the finer histology of the polypides, also certain bodies lying in the 
opercular tissue which seem to correspond with the glands described 
by Waters in calcareous po]y;ioa. I was not successful in tracing 
oogenesis, which must take place at a time of year when I was not 
there, as I could only find fully formed eggs and embryos and no ovary 
or young ova. I hope to continue these researches so as to establish 
the reproduction of the genus. I also made a fairly representative col- 
lection of the Polyzoa of the Bay of Naples, adding several Oyclostomata 
to the lists already published by Mr. A. W. Waters. I beg to offer my 
best thanks to the British Association for the use of the table, and to 
the staff at Naples for the kind help afforded to me. 

Mr. Geoffrey W. Smith reports: — 

I occupied the table from December 15, 1909, to January 1, 1910. 
Duiing that time I was working on the effects of Sacculina on its host 
Inachus, especially with the object of obtaining the stages which show 
exactly how the gonad is absorbed as the result of the presence of the 
parasite. Owing to the very large amount of material supplied to mo I 
have been successful in doing this, and also in definitely settling another 
point of some importance, namely, that the effect of the parasite is really 
the same on female as on male hosts, making the young female pre- 
maturely assume adult female characters. The results will be published 
in the ‘ Quarterly Journal of Microscopical Science.* 

Mr. Methuen reports that during his stay at Naples he was working 
at the internal anatomy of Decapod Crustacea. He made a number of 
dissections of the alimentary canal of various types and preserved thenii 
for the purpose of working out the histology of the digestive glands. 

Mr. E. S. Goodiich, P.E.S., reports:— 

While occupying the British Association table at Naples from 
March 23 to April 11, 1910, I spent a considerable time carrying out 
feeding experiments with different colouring substances on young 
Amphioxus and studying the development of their nephridia in the 
hinder region of the pharynx. I also worked at the development of 
Aricia fatida and preserved material for the embryology of this and 
other Polychaeta. The results of the researches have not yet been 
published, being still incomplete. 

The Committee, in concluding their report for 1909-10, wish, to 
record their seiise of the great loss to biological science caused by the 
death in September last of Dr. Anton Dohrn, the founder and director 
of tlie Zoological Station at Naples. Without referring to the high 
value of his personal researches in zoologic^— the Committee 
may express their profound appreoiatioBt. 4 ;iif*^ ^>assistance and 
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cordial welcome that he invariably gave to the occupants of the British 
Association table at the Station. Dr. Beinhardt Dolirn succeeds his 
distinguisJied father as Director of the Station, and to him the Com- 
mittee are already indebted for many acts of genial consideration and 
hospitality. 

The Committee ask for reappointment, with a grant of lOOL 


Index Oenerum et Speciermn Animalium. — Report of the Committee^ 

consisting of Dr. Henry Woodward {Chairman), Dr. F. A. 

Bather {Secretary), Dr. P. L. Sclater, Rev. T. R. R. Stebbing, 

Dr. W. E. Hoyle, Hon. Walter Rothschild, and Lord Wal- 

SINGHAM. 

Continuous and steady progress has been made by Mr. Davies Sherborn 
in the preparation of Volume 11. of this Index. Since the report for last 
year was sent in, Mr. Sherborn has dealt with the remainder of the 
separate works by authors wdiose names begin with C, and of these the 
various editions of Cuvier proved exceptionally long and tedious to 
analyse. Other works have also been doalc with as opportunity offered. 

Valuable assistance has been rendered by Mr. Hartley Durrant, who 
lent from Lord* Walsingh am 's library (presented to the Trustees of the 
British Museum) a fine copy of the extremely rare work by Billberg, 
* Enumeratio Insectorum,’ 1820, which has been indexed and made 
available for reference. 

The slips, which are preserved in the British Museum (Natural 
History) by the kindness of the Trustees, are quite in oi'der for those 
who wish to consult them, and are of exceptional value to anyone 
monographing a particular genus. 

Mr. Sherborn and Mr. H. 0. N. Shore have written a paper clearing 
up the difficulties surrounding Sowerby's ‘ Oonchological Illustrations ' 
and Gray's * Descriptive Catalogue of Shells,' ^ and Mr. Sherborn him- 
self has written on the dates of the parts of Burmeister * General Insec- 
torum,' 1838-46.2 

Systematic and regular work on this Index is greatly encouraged 
by tlie friendly attitude of the Association, and the Committee, in 
recommending its own reappointment, earnestly ask the Association 
to continue this valuable help by a furtlier grant of lOOZ. 


The Zoology of the Sandwich Islands, — Twentieth Report of the Comr 
miUee, consisting of Dr. F. Du Cane Godman {Chairman), Mr. 
D. Sharp {Secretary), Professor S. J. Hickson, Dr. P. L. Solater, 
and Mr. Edgar A, Smith, 

Another part of the * Fauna Hawaiiensis ' is about to be issued by the 
Committee. This will complete the descriptive part of the work. As 
it appears desirable to issue also a general summary of the Committee's 
work, the Committee ask to be reappointed without a grant, 

^ September, 1909, pp. 331-340. 

J5 January, 19X0. 
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Zoology Organisation, — Interim Report of the Committee, consistin 
of Sir E. Eay Lankestee {Chairman), Professor S. J. Hickson 
{Secretary), Professors Gr. C. Bouene, J. Cossae EwaeTjM.Haetoc, 
W. A. Heedman, and J. Geaham Keee, Mr, 0. H. Lattee, 
Professor Minohin, Dr. P. 0. Mitchell, Professors C. Lloyd 
Moecan, E. B. Poulton, and A. Sedgwick, Dr. A. E. Shipley, 
and Eev. T. E. E. Stebbing. 

The Committee have not considered it to be necessary to summon any 
meetings during the past session, as no matters of special interest and 
importance to zoologists were raised. 

The Committee ask to be reappointed without a grant. 


Marine Laboratory, Rlymovih, — Report of the Committee, consisting of 
Professor A. Dendy {Chairman and Secretary), Sir E. Eay 
Lankester, Professor A, Sedgwick, Professor Sydney H. Vines, 
ard Mr. E. S. Goodeich, appointed to nominate competent Naturalists 
to perform definite pieces of worh at the Marine Laboratory, 
Plymouth, 

Since the date of our last report the British Association’s table at the 
Plymouth Marine Laboratory has been occupied for one month 
(August 1909) by Mr, J. S. Dunkerly, for the purpose of investigating 
the life-history of the Flagellate Protozoa. The use of the table has 
also been granted, for the month of July 1910, to Mr. G. E. 
Nicholls, B.Sc., for the pror^ecution of his researches on Eeissner’s 
Fibre, with special reference to the Blasmobranclii. 


Inniskea Whaling Station, — Report of the Committee, consisting of 
Dr. A, E. Shipley {Chairman), Professor J. Stanley Gardiner 
{Secretary), Professor W, A. Heedman, Eev. W. Spotswood 
Geeen, Mr. E. S. Goodrich, Dr, H. W. Maeett Tims, and Mr. 
E. M. Barrington, appointed to investigate the Biological Problems 
incidental to the Inniskea WhaUng Station, 

Mb. D. G. Lillie was enabled to work at the Inniskea Whaling Station 
for several months during the summer of 1909. His expenses have 
been met by private benefaction- It was hoped that he would continue 
liis researches this year, but, having been appointed a member of the 
scientific staff on the * Terra Nova,’ he left for the Antarctic in June. 
As a result of his work he has published substantial contributions to 
our knowledge of the Cetacea, and it is greatly to be hoped that the 
opportunity alTorded by the Inniskea Wh^iii?''^^ pf investigating 
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the larger Cetacea will not be lost, as there seems every chance of these 
mammals being rapidly exterminated. 

The Committee apply for reappointment and for a grant of 50L 
to further the work. 


Experiments in Inheritance. — Third Report of the Comynitlee, consistinrf 
of Professor W. A. Herdman {Chairman), Mr. Douglas Laurie 
{Secretary), Professor R, C. Punnett and Dr. H. W. Marett Tims. 
{Brawn np by the Secretary.) 

On the Inheritance of Yellow Goat Colour in Mice. 

The experiments have been much interfered with through disease 
among the mice. It has been necessary to destroy a very large number 
of them, and to commence again practically at the beginning. The 
present report is purely formal. A fuller report is anticipated next 
year. 

The Committee ask to be reappointed witliout a grant. 


Feeding Habits of British Birds. — Second Report of the Committee, con- 
sisting of Dr. A. E. Shipley {Chairman), Mr. H. S. Leigh {Secre- 
tary), Messrs. J. N. Halbert, C. Gordon Hewitt, Robert New- 
STEAD, Clement Reid, A. G. L. Rogers, F. V. Theobald, and 
Professor P. E. Weiss, appointed to investigate the Feeding Habits 
of British Birds by a study of the contents of the crops and gizzards- of 
both adults and nestlings, and by collation of observational evidence, 
with the object of obtaining precise knowledge of the economic status 
of many of our commoner birds affecting rural science. 

The investigation of the feeding habits of the rook, starling, and 
chaffinch has been contin\ied during the past year. 

The correspondents whose names are set forth in the Report for 
1909 have again sent specimens of birds to the Secretary each month. 
The Committee again desire to express indebtedness to them for their 
kind assistance. 

During the twelve months (June 1, 1909, to May 31, 1910) 432 
birds have been received, the number being made up as follows: 
rooks 87, starlings 193, chaffinches 152. 

Each bird or bafcch of birds is accompanied by a form filled in by 
the correspondent giving details as set forth in the Report of last year. 

The contents of the 'gizzards of 302 birds have been examined up 
to May 31, the number consisting of 212 rooks, 50 starlings, and 
40 chaffinches. The evidence obtained from the examination of these 
specimens is not sufficient to form a correct estimate of the economic 
status of any one of the three birds under investigation; when, in the 
opinion, of the Committee, a sufficient number of specimens of any 
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one species have been examined, the results of the tabulations and 
the particulars supplied by the correspondents will be arranged and 
k published. 

A grant of 61. was made to the Committee by the Association in 
1909, and in addition there was a balance from the grant of 501. from 
the Board of Agriculture and Fisheries, carried forward from last year. 
The money has all been spent. The Committee ask for reappoint- 
ment, with a further grant, and with the addition of Professors S. J. 
Hickson, F. W. GamWe, G. H. Carpenter, and Arthur Thomson. 


The Amount and Distribution of Income [other than Wages) helow the 
Income-tax Exemption Limit in the United Kingdom. — Report of 
the Committee, consisting of Professors E. Cannan (Chairman), 
A. L. Bowley (Secretary), F. Y. Edgeworth, and H. B. Lees 
Smith, and Dr* W. R. Soott.^ ^ 

Introduction . 

The Committee, which was appointed at the Dublin meeting, have pro- 
ceeded with their investigations and collected information during tv/o 
years; and though a complete account of the amount of income with 
which it deals cannot be given, it is now possible to survey the ground 
and to make an estimate which it is believed is better founded than any 
previously made, and which is nearly as accurate as is possible in the 
existing state of ojBfi.cial statistics. 

It is customary to divide the aggregate of incomes of the inhabi- 
tants of the United Kingdom into three groups: first, those incomes 
which are subject to income-tax — i.e., which are over 160L per annum 
according to the definitions of the Income-tax Commissioners ; secondly, 
those incomes which are received as wages and come under the cognisance 
of the Labour Department and are included in Estimates of Earnings of 
Manual Workers ; and thirdly, an Intermediate Group, which is included 
in neither of the former. It is the aggregate of the income in this third 
group that the Committee have to estimate. 

The procedure of the Committee has been to collect all the statistics 
relating to members of this group which are published officially or semi- 
officially, to apply to public bodies for data as to the salaries paid to 
their employes, and to apply to. societies representing professional and 
other classes for any statistical information they had as to the numbers 
in such groups and their incomes. For other classes the Committee 
made direct applications for information in all quarters where it seemed 
probable that a response would be received. In this matter they were 
greatly helped by the Manchester Statistical Society, who conducted a 
careful and useful investigation in the neighbourhood of Manchester. 
The Circular of Inquiry which follows was used extensively for the 
collection: of fresh data : — ... 

' h oi great importance for many practical and scientific purposes to 

iaiow the tdtal of the National Income and the relative number of persons in 

1 Mr. Vt, 0. Sr Adams has resigned his moiaborship of the Committeo* 
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receipt of incomes of different amounts. The total may be divided into three 
classes: {a) amount subject to income-tax; (6) amount received as wages; 
(c) remainder. Fairly adequate information is extant for classes (u) and (6), 
but no serious inquiry, official or private, has been made in recent, years as to 
(c), and this unknown amount is the subject of vague and misleading guesses* 
Absence of information on this subject is one of the most serious gaps in our 
national statistics, which are otherwise becoming fairly complete. The work of 
the Committee named above is to form a reasoned estimate as to the numbers 
and income of persons, where income from all sources is less than 160Z. and does 
not arise from wages. Apart from persons in receipt of pensions, annuities, and 
dividends (as to whom the Income-tax Commissioners give some information), 
the class in question consists largely of cUrlcs, teachers, shop assistants, &c. 
The Committee, having considered the practicable means of forming an estimate, 
is of opinion that the answers to the questions on the^ annexed schedule, which 
is being issued to a number of Companies and Corporations, would be of material 
assistance to them in their task, when used in conjunction with the Population 
Census and other information. The Committee will, then, be greatly indebted to 
you if you will fill in the details asked as to your Firm, Company, or Corporation, 
and return the form at your early convenience 1 

The returns will be used only for purposes of averages and will be regarded 
as strictly confidential ; no name, whether of an individual or of a company, will 
be used in the report, 

I am, &c. 


CONFIDENTIAL. 

Year and locality to which Information applies 

Nature of business or occupation 

[If shpp assistants in retail business or commercial travellers are 
employed, details should be given under the same headings on 
a separate page*] 

A. Nimher of partners, managers, clerks, &c., who draw more than 1601, 

per annum. 

Men Women. ...i.ui*. .»* 

B. Number of partners, managers, clerks, &c., who draw 160?. or less. (Do 

not include (i) workmen, porters, messengers, those in receipt 

of wages — or (ii) clerks, &c*, who do not give their full time to your 
business). 

Men and lads.4. 4. M..., ....... Women and girls........ 

As regards B. 

Total amount paid to these clerks, &c, , . B .. 

The above will give the essential information, but it is also important to fill 
in the following table 

Number of clerks, &c. (under B), whose incomes fall within the following 
limitB : — 



Men and Lads 

Women and Girls 

£140 to £100 1 

' 

■ 


£120 „ £140 j 

£100 „ £120 

£80 „ £100 

£60 „ £80 

£40 „ £60 

'Under £40 

' 
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CONFIDENTIAL. 

Use this page for shop assistants only. Exclude clertg, artisans, and 
labourers. 

A. itTumber wko draw more than 1(50?. per annum. 

Men.rit Women 

B. Number Who draw 160?. or less. 

Men atid lads.. Women and girls 

As regards B. 

Total amount paid to these assistants per annum £ 


Number whose annual salaries fall within the following limits 


— 

Without Board or EeRidence 

With Board or Eesidence 

Men Aiid 
Lads 

Women and 
Girls 

Men and 
Lads 

Women and 
Girls 

£140 to £160 . 

£120 „ £140 . 

£100 „ £120 . 

£80 „ £100 . 

£60 „ £80 . 

£40 „ f 60 . 

£20 „ £40 , 

Under £20 . 






It is eyident that there is no clear line of division between the 
wage-earning group which is dealt with by the Labour Department 
and the intermediate group. Salaries, especially those of lads and 
of young men, are very frequently less than wages, so that it is not 
a question of amount of annual income. Again, there is no simple 
distinction between clerical and manual work, for many occupations 
involve both, further, such important classes as shop assistants and 
small shopkeepers mi^ht equally well be included in either class. But 
it is not a definition in accordance with the nature of the occupation 
that we must aim at, but rather a question of fact as to whether certain 
classes do or do not come under the cognisance of the Labour Depart- 
ment and are or are not included in the estimates of aggregate wages 
based on their statistics. The Labour Department, however, does not 
issue an official estimate of aggregate wages, and in the end it will 
be necessary for each statistician to decide to what classes oi persons 
the data published by the Labour Department relate, to esthnate the 
aggregate wages of such groups, and to place the remaining groups 
either in the intermediate or in the income-tax paying classes. Prom 
this point of view it is not essential to elaborate the grounds of the 
delimitation actually adopted, for all occupied persons must be, in fact, 
included in one or other of tiie classes, and it does not matter whether 
they are included as wage earners or as salaried, since the income 
allotted would be much the same in each group. 

When we have separated out wage-earners, so far as the Popu- 
lation Census allows, from other occupied persons,’ we obtain the 
numbers shown in the following table ; — 
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Number of Persons in the Three Groups. 

behsus of United Kitigdom, 1901. Occupied classes, other than 'manual labourers 
'morki'ng for employers {over ten years oM). 



Males—OOO’s 

Females — OOO’s 

■ 

England 
& Wales 

Scotland 

Ireland 

United 

Kingdom 

England 
& Wales 

Scotland 

Ireland 

United 

Kingdom 

1. Civil Service (Officers and 
Clerks) 

42 

4 

6 

52 

14 

2 

2 

18 

2. Local Government Officers * 

26 

3 

4 

33 

11 


1 

12 

3. Army Officers .... 

13 

1 

1 

15 

— 





4. Navy Officers .... 

6 

— 

— 

5 

— 

— 



.. 

5. Clergy of all denominations . 

40 

5 

6 

51 

— 




— 

6. Barristers and Solicitors. 

21 

4 

3 

28 

— 



— 

■ 

7. Law Clerks ... * 

34 

6 

2 

42 

— 




- 

8. Doctors, Dentists, Veterinary 
Surgeons, Engineers, Sur- 









veyors, .^chitects. 

69 

8 

6 

73 

1 

— 

— 

1 

9. Teachers 

69 

7 

7 

73 
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17 

13 

202 

10. Authors, Editors, Journalists, 
Shorthand Writers, Scien- 







tists, Painters and Sculptors 

23 

2 

1 

26 

1 





1 

11. Photographers, Musicians, 

Actors « # . • . 

38 

3 

1 

42 

33 

3 

1 

37 

12. Merchants . « . • . 

6 

1 

2 

8 

— 


— 


13. Brokers, Auctioneers, Ac- 









countants .... 

64 

7 

5 

76 

2 





2 

14. Salesmen and Commercial 









Travellers • . . . 

66 

10 

4 

80 

1 

— 

1 

2 

15. Company Officers . 

2 

— 

— . 

2 

— 



— 


16. Commercial and Industrial 









Clerks ..... 

308 

38 

19 

366 

56 

16 

3 

75 

17. Bankers and Einance 

31 

5 

3 

39 






18. Insurance Clerks 

21 

2 

1 

24 






- 

19. Insurance Agents . 

34 

3 

1 

38 

— 





— 

20. Earmers ..... 

203 

46 

328 

577 

21 

8 

71 

100 

21. Other Agricultural Employers 

8 

1 

— 

9 

— 

— 



22. Merchant Service, Officers 

— 

— 

— 

36 

— 





— 

23. Railway Clerks .... 

68 

8 

3 

79 

— 



— 



24. Telephone Clerks 

14 

2 


16 

9 

2 



11 

Manufacture and Occupations not 
otherwise included : — 









25. Employers .... 

225 

32 

9 

246 

23 

3 

1 

27 

26. Working on own account . 

269 

13 

4 

286 

241 

29 

8 

278 

Dealers and Shopkeepers i — 








27. Employers .... 

133 

20 

16 

169 

14 

2 

2 

18 

28. On o^vn account . 

218 

15 

13 

246 

90 

13 

11 

114 

29. Employed • . * . 

469 

62 

49 

680 

161 

37 

31 

229 

30. Costermongers and Assistants 

47 

4 

2 

53 

14 

3 

1 

18 

31. Sweeps (not assistants) , 

4 

1 

1 

6 

— 

— 

— 


Totals . . • , . 

2,629 

313 

497 ' 

1 

3,375 

864 

136 

146 

1,145 

i 


The inclusion of heading 30 and 31, and the further inclusion of gardeners 
working on their own account (26,000), and of showmen, &c. (15,000), and of 
* missionaries, preachers, monks, sisters, &c.,' are open to question. An estimate 
for some of these is included in our final table. 

1910, 13 
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The table just given, classifies the persons returned as occupied in 
the census of 1901 in thirty-one classes. ^ The classes contain in every 
case one or more of the census sub-headings. These sub-headings are 
grouped un an apparently arbitrary manner in accordance with the kind 
of information as to incomes which is available. The classification for 
England and Wales in the census is the same as that for Scotland, but 
that, for Ireland differs in some important respects, and some approxi- 
mation has been necessai^y to obtain correspondence. The list will only 
be completely intelligible when put alongside the census tables of occu- 
pation, Since this classification is extremely important, in order that 
our results may be understood, and be capable of improvement as 
further information accumulates or as the census classification becomes 
more useful, we give the actual sub-headings contained in our thirty- 
one classes. Those who ai'e not so included are lumped together as 
manual workers.- 

The first eleven classes are included under the census headings — 
Government, Defence, Professional. 

Olass 

1 Civil Service, officers and clerks. 

2 Municipal, parish, and other local or county officers, 

3 Army officers (effective and retired). 

4 Naval officers (effective and retired). 

5 Clergy and ministers of all denominations. 

5a Missionaries, preachers, monks, &c. 

6 Barristers and solicitors. 

7 Law clerks. 

8 Those professions for which definite preparation is required — i.r., doctors# 

dentists, veterinary surgeons, engineers, surveyors, and architects. 
Nurses are not included. 

9 Teachers. 

10 A composite group of authors, editors, Journalists, reporters, shorthand 

writers, persons engaged in scientific pursuits, and artists, as to whom 
we have no special information. 

11 A sinfilaf group, where there is a larger proportion of semi-mahual workers 

■ ‘ included— photographers, musicians, and actors. 

The following eight groups are included under commerciul occupa- 
tions in the census * 

Class 

12 Merchants. 

13 Brokers, stockbrokers, agents, factors, accountants, aui'tloncers, house 

agents. A miscellaneous group concerning whom wo have no special 
information. 

14 Commercial travellers and a few salesmen and buyers not otherwise 
^ f described. 

ip A small group described as officers of companies, societies, &c. 
i6 Clerks. Under this heading are included accordixig to the Instructions ta 
the Census Clerks employed in classifying occupations (of which we havo 
a copy) the following headings : — 

Accountant (bookkeeper), accountant clerk, accountant's clerk, booker, book- 
, keeper, cashier, managing clerk, secretary (not private) other than bank, 
insurance, and others specifically included in other clafis^sv Colkctor of 
account, debts, rents, or rates, &c., water clerk, auto-type worker, 
‘ ^ n^hant's correspondent, phonograph writer, typist, copyist, shorthand 
veto%;imd\som6 others, 

* , W« it was intended to include all clerks, whether in commerce 

or mtefacturir^ industry, under this headings 
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Class - ' 

17 Bankers and finance agents. 

18 Insurance clerks. 

19 Insurance agents and collectors. 

The remaining classes ax'o : — 

20 Farmers and graziers. 

This includes crofters in Scotland and peasant proprietors in Ireland. It 
does not include farmers’ relatives working on the farm or bailiffs. 

21 Here are included a number of gardeners, entering themselves as employers 

and propnetors. of agricultural machines, &c. 

22 Here we have included masters, mates, and an estimate for engineers 

(from table 52 of Appendix A to the General Report of the Census). H 
is to be noticed that seamen at sea are not always included in the total 
population. 

23 Railway officials or clerks. This is not given in the Irish census, and we 

have approximated for the relatively small number there concerned. 

24 Telegraph, telephone service, not including messengers or Government 

servants who come under class 1 or mechanics. 

The next five classes are obtained from Orders 9 to 22 in the 
census classification, which contain the whole of productive industry 
and a great part of retail distribution. The first separation is between 
manufacturers (or makers) and dealers, wdiich includes shopkeepers and 
assistants. This division is not made in the Irish census, except that 
most important classes of shops are given separately. It is not possible 
in general to distinguish between wholesale and retail distribution, but 
it is to be remembered that clerks, who are the main employes other 
than manual workers in wholesale distribution, are already included in 
our class 16. 

The other line of division is between employers, those who are 
working for employers, and those who are working on their bwTi 
account. In the General Report in the 1901 Census considerable, dis- 
satisfaction is expressed as to the result of this classification, but it 
may be observed that it appears to be correc~t in its main lines, since 
persons working on their own account are found in greatest numbers 
in precisely those occupations where common observation would lead 
one to expect them. (See the list in the table below.) There is m 
other means of estimating these numbers. It is quite possible that 
many persons describe themselves as employers who are, in fad, 
employed during part of their time, and, indeed, very many persons 
are both employers and employed. To this point we must return 
wdien we estimate the incomes of this group. 

In class 2S are included all the persons returned as employers iii 
the census orders, except those employers who are dealers or shop- 
keepers, who, together, form heading 27. Similarly, under 26 and 28 
are included those working on their own acqount. In class 29 coniq 
those (other than clerks) who work for those employers who are dealers 
or shopkeepers. Finally, we include class 30 — costermongers, whether 
employers, employed, or on their own account^and class 31 — employer 
sweeps; for these two classes, presumably, are not included in the 
Labour Department's wage statistics, as they are not manual workers 
employed by others. We may here remark that ^ve learn that shop 
assistants are not to 'be included in the current wage census, and we 
have therefor^ i^clu4ed them \n the intermediate group, 
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A study of the census will show some other classes, all small, which 
might be included in our grouping, but even in the aggregate they will 
not be large enough to afect our estimate seriously, and may be left 
as part of the margin which may be included either in the intermediate 
group or the wage-earning group, and must be included in one or the 
other. Additional classes, however, 5a (missionaries, &c,) and 11a 
(showmen, &c.), are inserted in a further table (p. 196). 

It must be remembered that the whole estimate is dependent on 
the census classification, that is, ultimately, on the occupations which 
persons returned themselves as following in 1901, and we have no 
means of going behind this classification, except in those few cases 
where there are independent statements of the numbers of persons in 
an occupation, and even then the difficulties of comparison are enormous. 
In the supplementary table annexed are given some details under our 
classes 25 to 29 in order that it may be seen what occupations provide 
the greatest number under these composite headings : — 

Census — Further details* 


Classes 25 <£? 26 — Manufacturers, c£?c., England and Wales. OOO’s. 


— 

Employers 

Working on Own 
Accomit 


Men 

Women 

Boads 







10 

23 

«... 

Rivers and Docks 







3 

4 

— 

Mines and Quarries 







1 



Blacksmiths • 







7 

10 

..... 

Metals 







16 

11 

...... 

Ships 







1 

1 

— 

Vehioles . 







8 

8 


Precious Metals . 







8 

13 


Builders , . 







57 

49* 


Furniture 







9 

13 


Wood 







2 

3 

— 

Glass . 







3 

1 


Chemicals, d;o. 







3 

1 


Leather, &c. . 







5 

5 

1 

Paper and Printing 







6 

3 


Cotton . 







3 



Wool 







3 

1 

■■■■ , 

Other Textiles 







4 

2 

5 

Clothes , 







25 

57 t 

183 § 

Food 







7 

7 

1 

Tobacco . 






1 




Beer and Spirits . 






> 

; 

3 

— 

— 

Lodging-house- and Inn-keepers 




16 

65 t 

47 

Others . 

• 

• 

* 




5 

2 

4 








206 

269 

241 


♦ Cawnters, 17 ; painters, 11 ; plumbers, 5 ; buUders, 6. 
t Tailors, 16 ; bootmakers, 38. 

i Coffee-house, 6 ; lodging-house, 4 ; publicans, &o., 44. 

§ Milli^^rs, 8 ; tailors, 6 ; dressiaakers, 153 ; seamstresses, 15* 
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Classes 27, 28, 29 — Dealers and Shopkeepers, England and 1 

¥ales^ 

OOO’a- 


Employers 

Assistants 

On Own Account 


Males 

Females 

Males 

Females 

Males 

Females 

Dealers ...... 

17 







Ironmongers .... 

5 

— 

20 

2 

4 

1 

Jewellers ..... 

1 



3 

2 

2 

1 

Chemists 

5 

, — 

16 

3 

4 


Booksellers and Newsagents 

6 


23 

10 

9 

4 

Clothiers and Hatters 

4 

— 

15 

4 

3 

1 

Bootmakers 

2 



10 

6 

2 

1 

Haberdashers .... 

1 



5 

1 

1 

1 

Drapers 

11 

2 

47 

58 

8 

7 

Hairdressers .... 

4 

— 

17 

12 

12 


Dairymen 

3 

— 

22 

3 

10 

2 

Cheesemongers .... 

3 

— 

9 

1 

4 

3 

Butchers 

13 

1 

68 

1 

23 

1 

Poulterers 

3 



13 

1 

11 

2 

Corn Dealers .... 

5 



7 


3 

— 

Confectioners .... 

12 

3 

5 

21 

13 

12 

Greengrocers .... 

5 

— 

15 

5 

20 

6 

Grocers 

18 

2 

100 

13 

36 

27 

General Shopkeepers . 

1 

1 

9 

16 

12 

11 

Pawnbrokers , , , . 

2 

— 

8 

1 

1 

— 


The following table shows the whole population over ten years old 
as it was in 1901 : — 

1901 . — Persons over 10 Tears Old,* 000 V 



England 
and Wales 

Scotland 

Ireland 

United Kingdom t | 

■ 

Males 

Females 

Males 

Females 

Males 

Females 

Males 

Females 

Persons 

Included in pre- 
vious table . 

2,529 

864 

313 

135 

497 

146 

3,386t 

1,145 

1 

4,63Ct 

Manual workers 

7,628 

3,308 

1,078 

457 

906 

401 

9,934 

4,165 

14,099 

Total occupied 

10,157 

4,172 

1,391 

592 

1,403 

547 

13,319 

5,310 

18,629 

Unoccupied 

1,977 

9,018 

265 

1,199 

344 

1,272 

2,686 

11,488 

14,074 

Total 

12,134 

13,190 

1,656 

1,790 

1,747 

1,818 

15,905 

16,798 

32,703 


*** Children (if any) under ten years in Ireland returned as occupied are also included, 
t For the United Kingdom the numbers are corrected, as far as possible, by 
including estimates for the Army, Navy, and Merchant Service afloat or abroad, 
from the General Report of the Census. 

Most of our information as to incomes refers to 1909 or 1910. To 
bring the census table up to the end of 1909 we must add 8^ per cent, 
in accordance with official estimates. This shows 4,910,000 persons 
(4,530,000x1*085) in either the income-tax paying or in the inter- 
mediate group, and about 15,300,000 wage-earners, male or female. 
Actually we have assumed that the numbers in class 20 (farmers) have 
remained unchanged, and have added about 10 per cent, in the case of 
all the other classes ; this gives a general increase of 8‘C per cent. 
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Number of Income4ax Payers. 

We can approach this part of the problem from two points of Yiew> 
for we can either estimate the number of tax-payers from the Eeports 
of the Income-tax Commissioners, or estimate the number^ of tax- 
payers in each of our thirty -one classes. As regards the first, it is well 
known that the number of income-tax payers cannot be directly found 
from the Commissioners’ Eeports, still less can we find the number of 
persons who pay on so-called * earned income,’ which alone concerns us 
at present. It is not proposed to make a new estimate of this number, 
but we recall the following statistics from Mr. Bowley’s evidence 
to the Committee on Income-tax (H. of 0., 366 of 1906, especially 
page 223). It appears that there were in 1904 about 639,200 persons 
earning over 160Z. in Schedules D and E. To this we must add 23,000 
farmers (see page 26), making 659,200, and 5 per cent, to bring 
it up to the year 1909, making 682,000. To this should be added an 
estimate for "the considerable number of persons who earn less than 
160/.., but whose income from other sources brings them above the 
exemption limit. On the other hand, we find in the fifty-second Eeport 
of the Commissioners (page 139, note) that about 750,000 persons satisfied 
the Commissioners that they were entitled to pay only 9f]. on the whole, 
or some part of their income, there are at least 750,000 persons wlio 
have some earned income and a total income of between 160/. and 
'2,000/,, to this should be added the relatively small number of persons, 
part of whose incomes are earned, while the whole is above 2,000/., and 
also the number who did not, owing to the shortness of notice in 1908, 
01 * for other causes, claim the reduced rate to which they were entitled. 
All these' data are consistent with an estimate of 800,000, or rather 
more, as the number of occupied persons who pay income-tax, and 
we propose to adopt this estimate. If the Income-tax CK)mmis- 
sioners give u^ more information in the future it can readily be used 
to 'pi'ake the necessary alterations throughout the remainder of our 
estimates. Subtracting these 800,000 taxpayers from’ the 4,900,000 
occupied persons other than manual workers, we have the large number 
of 4,1(X),000 persons in the intermediate group. This is likely to be 
* correct (subject to the definitions we are adopting) within 100,000. ^.rhjs 
number is considerably .greater than those which have been hitherto 
adopted; but previous writers have not given their data, so that it is not 
possible to discover the cause of the difference. It is probable that a 
revy large number (nearly 1,000,000) classified as working on their own 
account in our table have not been included In other estimates, and that 
some classes which may bo regarded as manuaMabour classes are in- 
cluded in our statements, but not in others. As already stated, this 
inclusion or exclusion would become unimportant if the aggregate of 
income., salaries, and wages were computed. 

Nu^hers^ and Incomes in the Thirly-one Classes of the Intermediate 
."V t ' . . Group, 

- now, ^proceed to discuss the incomes of our thirty-one classes, 
Eor some of.these wahave adequate information; for others wo have 
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.sufficient information to form an approximate estimate; for others we 
must proceed by results of common observation or by guesswork. It 
is intended throughout this part of our Beport to show clearly the basis 
of our estimates, and to put them in such a form that it will be possible 
for each item to be amended if further information can be obtained. Our 
information is adequate as regards the Civil Service, Local Government, 
the Army, Navy, the clergy, elementary teachers, banks, and railway 
servants. It is sufficient for an estimate for cle]*ks, farmers, and shop 
assistants. In some other cases, viz., professional, under our classes b 
and 8, and merchants, we may assume that the great majority pay income- 
tax. In the remaining cases we must do the best we can to find limits 
to the aggregate income, which will not contradict any of the general 
data we have. The weak point of previous estimates of this intermediate 
income has been that no attempt has been made to determine any limits 
within which the aggregate may be definitely expected to lie. The late 
Sir Eobert Giffen and some other writers have been content to find a 
lower limit and say, for example, that there is at least 20O,O0O,OOOL in 
this group. Others, following the exairiple of Dudley Baxter, who 
initiated this inquiry in 1868, have been content to make the best guess 
they could, without attempting to assign its precision. We propose, on 
the other hand, to state (wherever any check can be obtained) the superior 
and inferior limits of the number and of the average income of the non- 
tax-payers in each group, and hence to compute a measurement of 
precision of the aggregate. 

The theory of probability, especially that part related to the Law of 
Numbers and the normal Curve of Error, will afford some help. 
In each case we have endeavoured to assign, in the light of all the in- 
formation available, whether published in this Eeport or omitted as too 
confidential or for want of space, limits within which it seems highly 
probable that the true measurement must lie. The modulus in the Curve 
of Error shows the deviation which will only be exceeded in either direc- 
tion once in six times in the long run, and we believe that we can assign 
the numbei’s, not differing greatly from such a modulus for the various 
classes. This does not mean that we can assign definite odds of five to 
one against the quantity measured being outside the limits we give, but 
that we can obtain numbers whose ratio to such a modulus will not differ 
greatly from unity. The numbers following the sign ± in our estimates 
are all to be interpreted in this sense.^ Having obtained these moduli for 
all the items it is a known problem to combine them by the theory of 
error into a modulus for the total. Accordingly this section of the Eeport 
will be devoted to assigning estimates for each of the thirty-one classes, 
and then grouping them together.® 

It must be clearly understood that the main purpose in this Eeport 
is to tabulate our knowledge or our ignorance as to the Intermediate Group 

^ We use the modulus here in preference to the * probable error ’ or the ‘ standard 
deviation ’ which express smaller improbabilities. 

! ^ It should be understood that the estimates in this section of the Report have 
been made by the Secretary, who alone has had access to the information accumulated, 
ftrd that the other mombeys o{ t)io Oommjttoo have only given a general assent to 
th«em; • ’ ■ ' ' ‘ , 
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as definitely as possible, and to assign limits to the precision of the 
estimate of the aggregate income of this group. Every estimate should 
be criticised in the light of its effect on this aggregate, and if any amend- 
ment is thought necessary, its effect on the result should be computed 
before its importance is accepted. As a by-product we have also 
obtained valuable information as to special classes, but we are bound to 
make estimates in all cases whatever our ignorance may be. It is 
believed that the use of the modulus, chosen so as to include all esti- 
mates which are reasonably probable, enables us to make bricks withqut 
straw which will be strong enough for the strain we shall put on them. 

Class 1. Civil Service , — ^There is no exact classification extant of the 
individual salaries of Civil Servants, but the numbers and the salaries 
are given in great detail in the estimates for the Civil Services and 
Eevenue Departments published annually. The only difficulty is to 
interpret such items as ‘ 39 second-division clerks, minimum 70Z., annual 
increment lOZ., maximum 250Z,, total 5,400Z.,’ and to estimate from 
them the number and income of those who have not more than 160Z. 
It is believed that this has been done in such a way that the result, 
both in number and distribution of salaries, is very near the facts, 
and that it was unnecessary to try to get complete details from the 
Treasury. The process used is to take every item by itself, and divide 
the groups according to whatever indications are given. A further 
difficulty is to divide the wage-earners from the salaried, but the Census 
Instructions to Tabulating Clerks make it possible to select with very 
fair precision those who are included under the heading Officers and 
Clerks. As a result of our examination we find 56,000 male Civil ser- 
vants (officers and clerks) in the United Kingdom, of whom about 
19,000 received more than 160Z. The Census total was 62,000, which, 

‘ when increased by 9 per cent, to bring it up to date, corresponds closely 
with the total just found. The average salary of these clerks is, 
approximately, 95Z. Our conclusion is that there are 36,000 ±; 2,000 
male clerks, with not more than 160Z., and that their average is 95Z.±6Z, 
As regards the women clerks, we only find 14,300, whereas the census 
gives 18,000. [The difference is not improbably due to many sub-post- 
mistresses returning themselves as Government servants, whereas, in 
fact, they would be more properly classified as shopkeepers, and only 
receive part of their income from the Government. We have trans- 
ferred these to class 27. Sub-postmasters and mistresses are not 
properly included as Government servants.] The main bulk of 
these female clerks are in the Post Office service! Only 376, 
or. about 1 per cent., of these women earn more than 160Z. The 
estimate we adopt under this heading is 15,000 ± 2,000, at 57Z. ± 5Z. 
In this and in other classes a small number pass the exemption limit in 
virtue of other sources of income. There is no means of allowing for 
- this except by the limits shown by the ‘ modulus. ' 
c* Local Government. — We have received in answer to our 

pc^dule of Inquiry thirty-one detailed returns from county boroughs 
m England and Wales with an aggregate population of over 4,000,000, 
and ^ from^ the London County Council There is con- 

siderable difficulty in definition in this class, and it is improbable 
that the town clerks vfho ipade retufus for us obtained exaetljr 
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the same line of division as the census authorities, either as to whether 
a person was or was not employed in local government service, or as 
to whether he was an official or a workman. A further difficulty 
is that many persons give only part of their time to such service, 
being engaged in professional occupations otherwise, and* that 
they may in a few cases have been included with unduly small 
incomes. For Scotland we have returns from Glasgow, Edinburgh, 
Dundee, Perth, Paisley, Hamilton, and Cupar. We have no returns 
from counties as apart from boroughs. The total number for which we 
have information is 11,400 males and 1,660 females in Great Britain. 
We have no returns from Ireland. As regards males, 38 per cent, in 
London, 76 per cent, in the boroughs, and 76 per cent, in Scotland re- 
ceived less than 160L The average of these in London ‘was 120L, in the 
boroughs 91Z., in Scotland 93L Taking the census numbers and com- 
bining our estimates in proportion to the population of London, the rest 
of England, and of Scotland and Ireland, we find that 72 per cent, 
(i.e., 26,000) receive less than 160L, with an average of 93Z, Different 
methods of combination would give different results, and it seems neces- 
sary to allow a margin ± 2,000 for the number, and i lOL for the 
average salary. As regards women and girls, we find that the propor- 
tion to men in our returns is less than in the census, no doubt because 
the census includes nurses in infirmaries, &c., while for our purpose 
they were excluded, together witE other nurses in the Census Order 3, 
Sub-order 3. We have therefore in the final table included only one 
woman to seven men, as shown in the returns. Very few of them 
receive over 160Z.- — ^their average in London is 80Z., in the boroughs 46Z,, 
in Scotland 501!., and the approximation chosen is 8,000 ± 3,000 at 
m. ± bV 

Note . — ^It must be remembered that we have to deal with a very large 
^iiggregate, and in dealing with items which do not amount to £1,000,000, 
/ as is the case for women and girls in the two classes now dealt with, a 
considerable relative margin wuU have little absolute effect on our final 
estimate. 

Class 3. Of Army officers, it appears from the Army Estimates that 
only about 800 receive salaries of less than 1601!., and their aggregate is 
92,000Z. 

Glass 4. In the Navy, sub-lieutenants, mates, cadets, clerks, and 
some others receive less than 160Z. There are in all 1,475 of these, with 
an aggregate income of 115,000Z. In both these cases it is reasonable to 
assume that retired officers have incomes above 160L 

Class 5. Clergy. — We have information in considerable detail as to 
many denominations, but it is not necessary to go into these minutely 
in view of the smallness of the aggregate non-taxpaying income. In the 
Established Church in England and Wales the net income is less than 
160Z. in about 4,000 benefices, and more in the remaining 10,000. The 
average salary of 7,200 assistant clergy is estimated to be slightly less 
than 150Z. There are some 4,000 clergy, also, not attached to parishes. 
Of course, many of the clergy with the smaller benefices have indepen- 
dent means. The number we adopt is 7,000 ±2,000 at 120L±20I, 

* The table which shows the estwates ?vdopted is ori page lOg. 
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Ministers of other denominations number about 12,000, of whom we 
estimate that 7,600 ±2,000 ai-e not subject to income-tax, and average 
120L+20Z. 

In Scotland there are .some 6,000 ministers, of whom about 1,800 
belong to the Established Church and 2,000 to the United Free Church. 
The great majority of the former and over 80 per cent, of tho latter have 
incomes over 160L, and so far as we have details of other denominations 
it appears that similar statements would apply to them. We estimate 
that there are 1,500 ± 500 clergy with incomes llOL ± 201 below the 
income-tax limit. We have very little information as regards the salaries 
or receipts in Ireland, where there are some 3,500 Eoman Catholic 
priests (of whom 1,100 are parish priests) and 2,500 ministers of other 
denominations. The greatest possible estimate, if all these were receiv- 
ing exactly 160L, would be 960,000Z., and the sum we need must be 
between this and nothing. It seems reasonable to take 3,000 ± 2,000 at 
llOZ. ± 30Z. The clergy in the United Kingdom then are estimated to 
contribute about 2, 500, COOL to our total, and it is unlikely that it can 
be as much as 3,500,00OZ., or as little as 1,600,000Z. 

Class 6a contains monks, nurses, sisters, itinerant preachers,’ many 
of whom have no definite income. We include an estimate in the table 
which indicates that the aggregate is quite small. 

Class 6. Lawyers . — ^In this and some of the following classes 
some assistance is afforded by the distribution by age given in the census. 
Though, of course, different persons going through a professional career 
arrive at an income of 160Z. at different ages, yet there must be an average 
age at or near which a considerable proportion of such persons obtain an 
income of 160Z., and so far as we can assign this average we can assign 
the number who have less than 160Z. In the case of barristers and 
solicitors we take this age to be twenty-eight years, with margir^of two 
years, and obtain 2,000 persons ± 1,000 persons not paying ta:^, yfe 
have no knowledge as to their income, but may put it as lOOZ. ± 50L 
The total amount is small. • 

Class 7. Law Clerhs. — "We put the age at thirty years, with a 
margin of about four years. This gives us 30,000*4,000, Since 10,000 
of these are under twenuy, and the average income is therefore Small, and 
somewhat smaller than in the Government service, where there are rela- 
tively fewer lads, we may take the income as 80Z. ±30Z, 

Class 8. — Under this heading are included those classes of profes- 
sional men, other than lawyei's, who go through a definite course of pre- 
paration. There are very few under twenty so given in the census. If wo 
may assume that the average age for first paying income-tax is between 
twenty-fi.Ye and thirty years, we should find .19,000 * 6,000 not paying, 
and we may perhaps take their income as averaging 120Z.± 30Z. 

Class 9. Teachers . — ^As regards the teachers in public elementary 
schools in England, the returns of the Board of Education for 1908-09 
give in great detail the numbers and, except in the case of supplementary, 
prb^sional', and pupil teachers, the salaries. We have collected more 
detple^' statistics from the secretaries of the Education Committees of 
fiflei^/COTOties and,iorty-two of the larger boroughs in England and 
Wales* Tile proportion between men and women in our collection is 
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very nearly the same as in the moi^e comprehensive official statistics, 
and if wo assume, as we are justified in doing, that supplementary, 
provisional, and pupil teachers receive less than 160L, the proportion 
of those earning over 160Z. is nearly the same in both sets of statistics 
both for men and for women. We are therefore justified in using the 
average of the figures we have found for those earning less than 160Z. 
Our conclusion is that of the teacliers in the public elementary schools 
of England and Wales 7,000 men and 2,000 women receive more than 
160Z., while 30,000 men and 123,000 women receive less than 1601., 
the averages for these being 1001. and 761. 

As regai'ds Scotland, we have detailed information only for Glasgow, 
Edinburgh, Aberdeen, Inverness, Ayr, and Dundee. We have also some 
official statistics as to salaries and details as to numbers which throw 
light on the question, and can be used in conjunction with the statistics 
for these boroughs ; but we have to discount them to some extent for the 
■probably lower salaries in the country 'districts and smaller places. The 
salaries in Scotland, especially for men, appear to be considerably higher 
than in England. It appears that there are about 1,500 men in the 
elementary schools earning over 1601., and 4,500 others, the latter 
averaging about 1201. Very few of the women receive more than 1601., 
while about 14,000 average 701. 

For Ireland we have detailed information in the official report (Od. 
3699) relating to 1906, from which it appears that only a negligible 
number of men and women receive over 1601. in the national schools, 
while 6,000 men and 7,000 women receive less, the average of men and 
women together being nearly 1001. For compilation we take it that the 
men average 1201. and the women 801. 

Putting these figures together for the United Kingdom, we find that 
in the elementary schools about 9,000 men and 2,000 women receive 
over 1601., and 41,000 men and 144,000 women less, the avei'ages being 
1051. and 751, We enter these in our table as a separate class. 

There remain 30,000 men and 76,000 women teachers in schools other 
than elementary, whom we put in Class 9a. We have a little information 
about these, but it is not sufficient to give an exact result. We find^ as 
we might cxjioct, that the proportion, both of men and of women in 
secondary and higher education earning over 1601. will bo considerably 
greater than in primary education, except that allowance should be .made 
for a large number of governesses receiving small stipends. In elementary 
education one man in five recsives over 1601. We are of opinion that 
in higher education one man in two or one in three passes this limit, and 
that the remaining 16,000 to 20,000 average 1201. As regards the women 
we estimate from such returns as to graduate teachers, <&c., as exist, 
that four per cent, in higher education, as against one and a half per 
cent, in elementary, receive over 1601., but that of the remaining 75,000 
very many receive quite small salaries, averaging less than in the 
elementary schools, and we will take the average at 601. 

As to Classes 10 and 11 we have no information, and even the defi- 
nitions are doubtful. Class 10 contains those engaged in literary and 
scientific pursuits and artists, and may be estimated to include about 
30,000 persons in 1909. Class 11 contains photographers, musicians, 
and actors, and may be estimated to include 46,000 males and 41^000 
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females in 1909, We may perhaps assume that in both cases the 
amount of 160Z. is reached by men on an average between twenty-five 
and thirty -five years of age, and that the great majority of the women 
in Class 10 receive less than 160Z, This gives 11,000:^3,000 in 
Class 10, and we will put their average at 100Z.±10Z. Similarly 
we get in Class 11, for the men 20,000 ±8,000, with an average of 
90Z,±40Z., and for the women and girls 39,000±2,000, with an average 
of70Z.±30Z. 

^ Class 11a includes showmen and others, some of whom are not 
manual workers employed by others, and we give a rough estimate ii; 
the table, p. 195. 

Class^ 12. — ^This small class of 9,000 merchants may be taken as 
contributing nothing appreciable to our intermediate group. 

Class 13. — Brokers* — Among brokers, auctioneers, and accountants, 
when clerks are excluded, there can be little doubt that the majority 
pay income-tax. It will probably be safe to take the age correspond- 
ing to such payment as thirty years, with a wide margin, and so 
obtain 13,000 ± 5,000 men at an income of 120Z. ±30Z., there being 
relatively few under twenty years old; we have also to include 2,000 
women. 

Class 14. GorM)%ercvxl travellers and salesmen, — ^From informa- 
tion received from the United Kingdom Commercial Travellers' Associa- 
tion and from the Commercial Travellers' Benevolent Institution* it 
appears that there are from 30,000 to 50,000 men who satisfy the 
definition of ‘ a person engaged in representing a manufacturer, 
merchant, or wholesale house for the purpose of securing orders.' Of 
these it is supposed that about 75 per cent, make over 160Z. There 
remain from 60,000 to 40,000 other persons included in the census as 
travellers. These are probably engaged in canvassing for retail firms, 
and for other subordinate purposes, and it is probable that the great 
majority make well under 160Z. We may expect that there are from 

30.000 to 50,000 in all who make over 160Z. , but in view of the uncertainty 
as to this denomination we had better take the margin as ± 15,000, 
while the number is taken as 52,000. As regards the average income 
it must be remembered that a very great majority of these are over 
twenty years, and are in a position superior to that of a shop assistant. 
We may therefore take their income as lOOZ.dt 30Z. 

In Class 15, officers of societies and companies^ we will take it that 
the great majority have an income-taxpaying income. 

Class 16. Commercial and industrial clerks, — We have returns 
which are given in some detail in the tables on pages 186 and 187, from 
102 firms carrying on a great variety of businesses scattered throughout 
the kingdom, and of very different sizes. These firms employ about 

16.000 male clerks, and about 2,600 girls and women. This 
number of Clerks, and still more the number of firms, seem at first 
sight iridiculously inadequate for our purposes, in view of the facts 
that there are over 300,000 employers in our Class 25, a large 
proportion of whom presumably employ one or. more clerks, and 
fcere are 480,000 persons to be accounted for under the heading. 
But it often happens that quite a small sample is sufficient 
to give a measurement, which, though not exact, at any rate has 
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a precision which can be assigned. In the schedules which were filled 
up, the employers — except in the case of companies — included them- 
selves as making over 160L, but it seems better to adjust the schedules 
by subtracting 1 in every case from those receiving over 1601, and 
then treat them as relating only to clerks and other subordinates. In 
the small firms this is generally accurate, and in large ones it makes 
practically no difference to the further argument. When this is done, 
the proportion of tliose receiving over 1601. to the total number em- 
ployed is written down in each of the 102 classes. The result is given 
in the table, p. 189. It now appears that the grouping of these pro- 
portions shows the kind of regularity which is to be expected when 
samples are taken at random from a definite group. Instances, in fact, 
as shown in the table, agree fairly closely with the distribution shown 
by the normal curve of error. Looked at from this point of view it 
appears that from 1 in 5 to 1 in 3, on an average, of clerks in this 
class may be expected to receive over 160L Noticing that in the larger 
firms the proportion is on the whole smaller, and that when all the 
firms for which we have returns are massed together the proportion 
falls to 0*21, and aiming at a weighted average since the larger 
firms have greater importance, we come to the conclusion that 
the proportion is probably between 1 in 4 and 1 in 5, i.c., between 
0*20 and 0*26. We will widen this margin for safety and say, then, 
that 0*23 :+: 0*06 of male clerks and similar employes pay income-tax, 
and that therefore 0*77 ± 0*06 of 406,000 (the whole number in this 
class), 312,000 ± 24,000, are below the income-tax limit. The 
average income for those for whom we have returns is 78Z., and' we 
assign the margin ± lOZ. 

As regards women, the proportion to men in our returns is nearly 
the same as shown by the census. The number who pay income-tax 
is very small, the average income shown is 46Z. We therefore adopt 
the number 81,000 at 45Z. dz lOZ. 

As will be seen from the detailed table, it would be possible to make 
a carefully weighted average allowing different importance to the 
different occupations, but after careful consideration it is considered 
that no greater accuracy would be obtained. Of our 102 returns 27, 21, 
and 14 are from the neighbourhoods of Manchester, Birmingham, and 
London respectively, 10 from the rest of England and Wales, 21 are 
from Ii’eland, and 9 from Scotland. London is represented rather in 
Classes 17 and 18. 

17. Ba'nk ClerkB , — Thanks to the Central Association of Bankers 
we have obtained detailed information as to about 30 per cent, of the 
bank clerks of England and Wales. For Scotland we have information 
as to about 80 per cent., and for Ireland we have a less detailed state- 
ment, which is stated on good authority to be typical for the country, 
and which simply gives the proportions of clerks who receive over 160Z. , 
from ipOZ. to 160Z. , and less than lOOZ. The details, which are sum- 
marised on p. 188, ai’e highly confidential, and w’e cannot go into them. 
They result in the following numbers, which may be regarded as being 
accurate within the limits stated: 24,000 ±: 1,000 at 89Z. ± 5Z. This 
corresponds to the receipt of an income of 160Z. at the age of thirty-two 
years gn an average. 
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Details as to Firms employing Clerks. 



1 Keceiving 

1 Koceiving 1 


over 

under 

over 

under 


£1(50 

£160 

£1(K) 

£160 


Males 

Females 

Architect 

2 

% 

— 

1 

Auctioneer 

2 

4 

— 

, — > 

Insurance Broker 

2 

1 

— 

— 

Stockbroker 

2 

2 

— 

— 

Accountants 

C 

20 

— 

6 


8 

15 

— 

2 


5 

19 

— 

— 


3 

7 

— 

2 


4 

2 

— 

— 

Merchants 

10 

34 

— 

3 



26 

81 

— 

17 


25 

82 

— ' 

2 


55 

152 

— 

— 


36 

128 


— 


17 

24 

— 

1 

)) ....... 

12 

8 

— 

5 


13 

16 

— 


»» ••••••* 

3 

7 

— 

2 


4 

2 

— 


Coal Mines 

48 

81 

— 

1 


15 

01 

— 



Precious Metals 

3 

— 

— 

17 

99 n 

3 

1 

— 

14 

Fancy Metal Goods . . 

2 

4 

— 

10 

Moulders i 

3 

2 

— 

, — 

Ironfounders . 

4 

36 



16 

Engineers . . , . 

51 

89 

— 

10 

Iron and Steel 

17 

88 



’ Engineers 

48 

189 


18 

Electrical Engineers 

206 

710 

— . 

72 

Engineers * • 

A 

12 


4 

Machine Makers 

6 

14 



3 

Textile Makers ...... 

38 

85 



19 

Cycles 

18 

137 



86 

Metalworkers 

23 

117 

— 

30 

Galvanisers 

18 

44 


1 

Swords 

1 

1 

[ — . 


Lead, Glass, &c 

62 

533 


100 

Brass Goods 

7 

5 

— 

3 


7 

4 

— 


Brassfounders 

23 

30 


13 

Engineers and Shipbuilders . 

12 

16 


2 

Electric Works , . , • . • 

136 

403 


78 


11 

18 ^ 




Shipowners (ashore) ..... 

30 

34 

— 

7 

99 

16 

109 



7 

Cotton pinners 

5 

9 



10 

Weavers 

0 

13 


- . 

, Wc^l Weavers 

29 

19 

1 

— 


60 

105 


10 

V,,;' r 

8 

2 

l4 

4 

z' 


^ ♦ * • * 

5 

7 



^ ^ - f * t T * 

U 

4 
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Details as to Firms employing Clerks — contimiedi 



— 





Receiving 
over under 

£1G0 £100 

Receiving 
over under 

£160 £160 

Males 

Pemalcs 

Textile Merchants 






100 

762 


35 

99 9* 






46 

179 

— 

6 

Drapery (Clerks) 






6 

25 

1 

13 

99 99 






131 

414 

8 

245 

99 99 






38 

53 

9 

27 

99 99 

• * 





10 

40 

— 

93 

Waterproofing 

♦ • 





25 

96 

— 

10 

Provision Merchants or Manufacturers 


4 

20 

— 

— 

99 99 


99 




8 

11 

— 

1 



99 




8 

— 

1 

10 

99 99 


99 




6 

4 

, — 

8 







87 

82 

— 

— 

99 99 


99 




51 

222 

3 

68 

99 99 






8 

77 

— 

10 

General Manufacturers . 





488 

3,610 



1,241 

„ Merchants 






7 

20 


0 

Tobacco . 

# • 





83 

85 

2 

1 

Beer and Spirits 

« « 





115 

160 


5 

99 99 

• • 





7 

7 

6 

Q 

— 

1 

99 99 

Harbours . # 

« • 





26 

61 

. 

. 

99 • • ’ 






26 

20 




jPririters, &c. • 






12 

72 

— 

16 

Builders , 






10 

8 


4 

Furnishers 






1 

1 

— 


Gas . 






27 

52 

— 

1 







8 

1 

29 

Q 

— 


Warehousemen and Packers . 




65 

354 

— 

33 

99 

99 

* 




232 

o 

1,095 

Q 

— 

20 


99 

99 





162 

326 

z 

z 


99 

, 




24 

105 




1 Miscellaneous Manufacturing and other firms 

5 

7 

— 

. 3 

'» 

99 



99 


8 

5 

— 

1 

99 

99 



99 


6 

34 

— 

1 

99 

99 



99 


1 

2 

— 

— 

9> 

99 



99 


9 

1 

— 

1 

99 

99 



99 


3 

10 

, — 

— 

99 

99 



99 


4 

8 

— 


99 

99 



99 


5 

3 

— 

4 


99. 



99 


7 

18 

— 



99 

99 



99 


243 

609 

— 

135 

99 

99 



99 


25 

179 

— 

— 

99 

99 



99 


9 

8 

— 

2 

99 

99 



99 


9 

11 


1 


99 



99 


4 

14 

— 



99 

99 



99 


14 . 

15 

1 


19 

99 



99 


2 

5 

— 

6 

' U 

n 





6 

3 

— ■ 

4 



, 




3,363 

12,524 

25 

2,586 
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Details as to Firms employing Clerks — continued. 


Insurance Companies 

n h 


Banks 


Railwaj^s 


Receiving ! 

Receiving 

over 

under 

over 

under 

£160 

^160 

£160 

£160 

Males 

Females 

60 

121 

— 

5 

6 

33 

— 

4 

944 

422 . 

— 

392 

5 

4 


*— 

31 

24 

— 

• — 

4 

2 

— 

1 

1 

42 

— 

26 

35 

37 

— 

8 

369 

548 

— 

30 

29 

26 

— 

5 

1 

1 

— . 

1 


3 

1 

2 

9 

23 

— 



3 

— 

— 

89 

190 

— 

23 

32 

108 

— 

— 

1,619 

1,585 

1 

497 

121 

600 

"'T~ 


218 

583 

— 

— 

275 

511 

• — 

— 

267 

649 

— 

— 

251 

521 

— 

— 

159 

490 

— 

— 

35 

56 

— 


22 

22 

— 

^ — 

1,330 

1,562 

— 

* — 

311 

352 


- — 

179 

273 

— 

— ' 

59 

71 



312 

549 

— 

— 

118 

258 

— 

— 

74 

88 

— 


160 

318 

— 

— 

55 

30 

— 

— 

1,523 

1,246 

— 

— 

44 

65 


— 

216 

311 


— 

15 

35 

— 


5,744 

8,490 

— 

— 

369 

4,189 


136 

914 

8,925 


27 

724 

7,281 

1 

143 

43 

465 

, — 

30 

228 

2,800 

— 

60 

139 

2,756 

— 

74 

23 

458 

— 

11 

2,440 

26,874 

1 

oo 
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If 


or less, and p 

sa the vakies 

m-fn 

ofp 

for 102 firms are as follows i 


•0 

•0 

•0 

•0 

•08 

*08 





•10 

•11 

•11 

*12 

•12 

•12 

•13 

•13 

‘13 


•u 

•14 

•15 

•16 

•17 

•17 

•17 

•17 

*17 


•17 

•18 

•18 

•18 

•10 






•20 

•20 

•20 

•20 

*20 

•20 

•20 

•22 

•22 

•22 

*22 

■23 

•23 

•23 

•23 

•24 

•24 

*25 

•25 

•25 



•26 

•26 

•26 

•27 

•28 

•28 

•28 

•29 

•30 

•31 

•31 

•32 

•33 

•33 

•33 

■33 

•33 

•36 

*36 

•36 

.37 

•38 

•30 






•40 

•40 

•40 

•41 

•41 

‘42 

•42 

•43 

•46 

-49 

•50 

•50 

•50 

•50 

•51 

•53 

•53 

•55 

•56 

•56 

•56 

•56 

•58 

•58 







•60 

•60 

•60 

•67 







•71 










•89 











Median 

• • • 


m P 


•265 




Unweighted Average 

, 


] * 

•305 




Weighted Average . 

• 

• « 

• • 

•21 

i 



Companson with normal curve of error. 
Modulus 0=0*25 j centre 0*265. 

Theory Observation 


+ I'Bo 
-+• X*4a 


1 

2 

5 

i2 


12 

XO 


Average f 


I 


4* 0’6o 



10 

11 

+ 0-2o 

23 

24 

~ 0-2a 

10 

27 

-0 6c 

12 

5 

- l*0o 




Class 18. Insurance Clerhs, — We have detailed information, which 
is summarised on p. 188, as to about 10 per cent, of these. Though 
this is a considerable proportion, yet it has not led to results of great pre- 
cision, because one or two large companies which have made returns 
. , show results divergent from the smaller ones. We adopt ior our 
number 14,000± 2,000 at 81l±5l 
Class 19. Insurance Agents* — Vie have no information as, to this 
. class, except common observation that they are not highly paid. Of 
course, they depend mainly on commissions. We take it that rather 
than half pay income-tax, that, in fact, the number required equals 
|::ithe mimber over thirty-five years of age. It results that 19,000 ± 
mp'SbO come within the non-paying class, the largeness of the margin 
|j^|%Mesponding to the want of information. We may put the earnings 

iM^iooi; ± 301 ■ 
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20. Farmers. — We do not presume to determine precisely the 
aTerage income of farmers, a task which has always proved beyond 
the powers of statisticians, but it is necessary to make some estimate 
to fit in to our general scheme. After the Commission on Agricultural 
Depi-ession in 1894, where evidence was given which showed that 
farmers’ profits averaged about 26 per cent, of their rent, it was decided 
that profits should be assumed to be one4hird of rent. We do not feel 
justified in taking this assumption as representing the average, partly 
because fewer than three hundred farmers choose the alternative of 
assessment under Schedule D, depending on their actual profits, and we 
only use it for estimating the relatively small number of farmers paying 
income-tax, and as a check on further estimates. 

In the Eeports of the Income Tax Commissioners relating to 
Schedule B we find the aggregate of farmers’ incomes, which, reckoned 
at one third of rent, are over 160Z., and an aggregate of the rest of 
, farmers’ income assessed, but exempted from tax. The first aggregate was 
6,000,0OOL for Great Britain in 1907-08, corresponding to 16,000,000L 
rent. Besides these figures we have in the return from the Board of 
Agriculture of 1895 (Od. 8602) the number of holdings of various siaes 
in that year., These two things together lead to an estimate of the 
average rent per acre, for if more than IL 125. per acre isiiassumed, 
farms of . less than 300 acres would pay income-tax, and then the 
acreage of the holdings included would show more than 15,000,0002, 
rent. If, on the other hand, less than 12. 125. is assumed the figures 
fail to be consistent in the opposite direction. Of course, the i-ental 
from farms of the same size varies enormously, but we speak only of 
an average. We therefore take it that the average rent) per acre is 
12. 12s., as reckoned for income-tax purposes, in spite of the fact that 
this is more than was estimated by Mr. Thompson in a paper to the 
Statistical Society in 1907. There were 20,000 holders in Great Britain 
of more than 300 acres, and we will take this to be the number who 
pay incotne-tax. In the case of farmers, we are assuming that there 
has been no increase in mimbers since 1901. We have then 268,000, 
according to the , census classification, not paying incqmo-iax. This 
coiTesponds to the niiimber of holdings between 20 and 300 acres 
in . which the a*ggregate is 21,700,000 acros^and iho average is about 
80 acres. The average rental income 12. 125, an aero is 1282., the aggre- 
gate 35,000,0002. The amount reviewed by the OommissionorB and 
exempted from tax corresponded to a rental of 26,400,0002., which (on 
the same basis) would accrue from the aggregate of holdings between 
60 and. 800 acres. Presumably the profits of small holdings are 
not returned by the tax-surveyor. No one will believe that the 
average . income of farmers holding 300 acres and under is as little 
'as 432., one-third of the average computed rental. It is just con- 
ceivable that the cash income may not be much greater, but in such 
■ a case considerable value of the produce grown is consumed at home 
by the farmer and his family, who are also provided with a house. We 
probably be on safe ground if we take the average income for this 
gl^bup ,as 602. ± 302., that is the average profit per acre is between 
75^. M, and 22$. 6d. The average income does not seem absurdly low 
In view of. the fact that 86,000 of the farmers have between 20 and 
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60 acres only. Perhaps part of the profits from the 2,000,000 acres 
of agricultural land in holdings of from 1 to 20 acres in Great Britain 
should be added to our final estimate; but much belongs to persons 
already included, and forms part of their estimated incomes. 

If we work out the statistics for Ireland on the same basis as for 
Great Britain so far as possible, we find that 590,000L pays income- 
tax, and 2,630,000L is exempted. There are 14,700,000 acres culti- 
vated in Ireland. If the whole of this is reviewed by the tax-surveyors 
this gives 1?. 12s. rent per acre, if some of it is not reviewed it gives 
more than 11. 12s. an acre. We will, therefore, make an estimate as 
if the average rent was 11, 12s, an acre, as it is in Great Britain. On 
this assumption 1,200,000 acres, in holdings of 300 acres and over, 
pays tax, and belongs presumably to between 2,000 and 4,000 persons.^ 
The remainder, ii we adopt the census figures, is held by nearly 
400,000 persons, and this is nearly equal to the number holding between 
5 and 300 acres, the average size of these holdings being 40 acres, which, 
on the same basis, is yielding somewhat under 21L a year. But, of 
course, in the small holding of Ireland the peasant lives to a great 
extent on his produce, and we must put aside these numbers as in the 
case of England, and make a pure assumption as to their real earnings ; 
we will, take it that the Irish peasant averages SOL + 15L a year, the 
value of produce sold or consumed from his land, i.e., from 7s. 6d. to 
22s. 63i , per acre. Where the peasant carries on another occupation 
the sum iihined will be purely additional to the amount received from the 
other occupation, or already accounted for in another class. The cases 
where the joint income is over 1601. may be neglected. 

Class 21. Agricultural Employers . — These are .partly machine 
proprietors and the like, but mainly gardeners, nurserymen, seedsmen 
and florists. In the absence of information we will assume that half of 
this group of employei’s pays income-tax and the other half does not, 
but has an income comparable with that of skilled artisans. In any 
case the aggregate is not great. 

Glass 22. Officers of the Merchant Navy . — ^Prom p, 306 of the 
General Report of the Census of England and Wales in 1901, details 
are given of the number and ratings of seamen, who should naturally 
be counted as citizens of the United Kingdom, but are absent for the 
most part on census day. The persons that come into our class are the 
masters, mates, engineers, head stewards, and doctors. In the census 
the engineers are not separated from firemen. We assume, in accord- 
ance with the only detailed return we have, that the number of engineers 
is slightly greater than the number of mates, and allowing for the 
increase since 1901 we have 40,000 persons in this class. We have 
only three returns from shipping companies, one of which gives 312 
out of 1,101 officers as receiving over 160Z., the second 111 out of 330, 
and the third 60 out of 720. In the third case there are a very large 
•number of fourth officers and junior -engineers receiving less than 60L, 
and it is very unlikely that this is the proportion in the merchant service 

1 Fewer than 4,000 persons, for the average must he under 300 acres ; more than 
2,000, for the official statistics show 1,544 persons as holding more than 500 acres, while 
there are nearly 8,000 persons in the group next given as holding from 200 to 500 
Itores. 3 
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as a whole. The first and second returns give nearly the same pro- 
portion and nearly the same average under IGOZ. Adopting these two 
returns as typical, but allowing a wide margin because of tlio third 
retmm, we will take it that 30,000 ± 3,000 receive less tlian .160/, and 
average lOOZ. ± 30Z. In this class, of course, food and room alloat is 
provided in addition to salary, but in such cases the value received does 
not rank as income in the definition of the Income Tax Oommissioners, 
and we do not propose to include in our estimate the value of board and 
lodging in this and other classes where it is given in addition to salary, 
though we have included some receipts in kind in the case of farmers 
who produce for themselves. 

Class 23. Railway Clerks , — ^We have been very fortunate in obtain- 
ing information as to 29,300 railway clerks and officials out of about 
83,000 in Great Britain. We have no information as to Ireland. The 
railways from which v/e have returns in England and Wales will, it is 
believed, give nearly the same distribution and average as all would. 
Eeturns for Scotland are more complete, including 6,000 clerks and 
officials out of about 9,000. In grouping these togethef we have treated 
Scotland and England separately, and assumed that the Scottish returns 
would apply to Ireland, when allowance is made for the different totals 
in the two countries, and; then put them together in proportion to 
the numbers employed in the three countries. The result is that 
9, ,000 ±2,000 receive over 160Z., and 78,000 ±2,000 under, and these 
latter average 82Z. ±52. 

Class 24. — ^This class consists almost entirely of telephone and 
telegraph clerks, other than those employed by the Post Office. We 
, may take it that the run of salaries is somewhat lower than for com- 
mercial clerks, and as the whole class is small it is not necessary to aim 
at great precision. Our estimate is given in the table on p. 195. 

In Classes 25 to 29 we deal with all the manufacturers, shop- 
keepers, and dealers in productive and distributive industry not included 
in the previous classes, and not costermongers. The great difficulty 
is the complete lack of information, and also the doubtfulness of the 
division between persons returning themselves as employers and those 
returning themselves as working on their own account. In view of the 
number of commercial clerks which we have already dealt with it seems 
quite certain either that the number of employers is inflated, or that 
many employers are on so small a scale that they do not employ a 
single clerk. 

Glass 26. — ^It appears safe to assume that the groat majority of 
those working on their own account, of whom some detail is given in 
the table on p. 176, are making less than 160Z. a year. .Thus the manu- 
facturers include a great number of blacksmiths, carpenters, tailors, and 
bootmakers among the men, and of dressmakers among the women. It 
is safe to assume that these men are making something between the 
wages of skilled and unskilled men. on an average, and we therefore put 
them at 801. ± 20Z. Dealing similarly with the women, and allowing a 
large margin in view of the fact that a great number of badly paid 
workers may be included, we may put the average as between 20Z. and 
, 602. These estimates are sufficient for Class 26. 
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Classes 27 and 28. Dealers and Em'ployer-shopheepers - — ^Tlie 

17.000 dealers may be taken as paying income-tax. There are left 

194.000 shopkeepers, including here 6,0^00 transfen'ed from the Civil 
Service, see p. 180. Tlie only information we have bearing on shop- 
keepers is the assessed value of residential shops, and the income-tax 
surveyors, of whom we have inquired, maintain that the assessed value 
of a shop has no relation to the income as a shopkeeper, though, in 
fact, the two or three estimates they reluctantly made were practically 
identical. It is assumed in the Income Tax Act that in the case of a 
residential shop one-third of the assessed value should be counted as 
residence ; also it is generally assumed that rent is from one-eighth to 
one-tenth of income for incomes of about 1601. If we make these 
two assumptions together we find that the assessed value of a resi- 
dential shop, 501., corresponds to an income of 160?., and it is not 
improbable that the number of shopkeepers who reside at their shops 
subject to income-tax is equal to the number of residential shops 
assessed at 601. or more in London, and 501. or more in other parts 
of the United Kingdom. In the Fifty-third Eeport of the Commis- 
sioners of Inland Eevenue, p. 93, 'we have the necessary particulars, 
except for Ireland ; taking the number for Iireland as equal to that for 
Scotland (738), we find about 80,000 residential shops in the United 
Kingdom above the limits of assessment named. To these we should 
add a small number of non-residential or ‘ lock-up ’ shops. We 
suggest 80,000 ± 30,000 as the number of shopkeepers paying tax. 
There remain about 230,000 assessed at between 20L and the values 
named. Of these, about 114,000 would (from the census figures) 
be employers, and 116,000 on their own account, if all employer-shop- 
keepers had shops assessed at oVer 20?. There would remain about 

280.000 on their own account assessed at less than 2*0Z. Without 
depending on this assumption, we will take it that the employer-shop - 
keepers average between 70?. and 150?., and those on their own account 
between 40Z. and 140?,, for the averages are by assumption under 160?., 
and these people make a living, and if in Class 27 employ others. 

Class 25. — ^If reference is made to the table showing some detail of 
the employers in manufacture, &c., it will be seen that many are in 
quite a small way ; in particular, blacksmiths, those producing clothes 
or food, some builders, some engaged on rivers, and some eirgaged on 
roads (a heading which includes small cab-proprietors), will easily 
account for about 30 per cent, of the whole of the class as not paying 
income tax. We may suggest 208,000 ± 60,000 as paying, and 
93,000±60,000 as not paying tax, and assign to these latter the same 
income as in Class 27. As regards these very uncertain estimates in 
Classes 25 to 28, 'it must be remembered, as already stated, that wb 
know the total of those paying income-tax approximately, and it is only 
a question of distributing them among the right classes. If we have 
taken too many in Class 27 it will follow that we have taken too few 
in Class 25, and so on. The range of income assigned, for those with 
less than 160L, is, it is thought, wide enough to cover the uncertainty. 

Class 29.— Skop assistants . — We have three different returns, one 
covering 15,000 shop assistants, with an average of 61Z. per annum in 
cash, one from quite a small group of special firms, covering 1,900 
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persons, with an average of 68L; and a third — a very important cotH" 
pilation kindly handed to us by the Financial Secretary of the 
National Amalgamated Union of Shop Assistants, relating to 3,171 
persons, whose average cash income is 74L In the first and third 
cases something would have to be added for about 22 per cent, of 
the assistants in the one group and 16 per cent, in the oilier who 
live in, or have meals in, if we were including such payments. Farther 
information is given in ‘ Industrial Oo-operation ’ by Miss 0. Webb, 
1904, where the range of earnings of the branch managers and counter- 
men in the Co-operative Eetail Distributive Societies are given in some 
detail relating to over 10,000 employes ; the data are not sufficient for 
a perfect calculation of the average, but it cannot be very far from 68Z. 
We have these four different estimates relating to a variety of districts 
and trades, and all being contained in the limits, 67L ± 7L Neverthe- 
less, we think that this wage is rather higher than the one we ought to 
adopt for the 900,000 persons in Class 29, since many of these are 
probably engaged at very low salaries in shops from which no informa- 
tion was obtained in, any of the returns. We therefore prefer to take 
B5k±:15L as the average annual wage. We have practically no informa- 
tion as to the number of shop assistants who receive over 1601. , but it is 
certainly extremely small, and we taka it as about one per cent. 

Class 30. Costermongers , — ^This class includes all kinds of street 
sellers And haw;kers. Probably none of them pay income-tax, We 
may divide them as lads under twenty, average perhaps 201. a year; 
men of over twenty receiving somewhat more than the wage of unskilled 
labour, on an average, say, 70L, with a wide margin; and women at 
perhaps 302. This gives an average of about 502., and we will take it 
as between 402. and 702. 

Class 31. Sweeps {employers ). — ^None need be counted as paying 
mebrnfe-tax, and the average may again be taken as between the wages 
,o£ totally unskilled and of highly skilled labour. Wo ’ put it at 
702 ±302. : . 

’ In the table on p, 195 the estimates wo have now made are tabu- 
lated in detail- In the columns 1 and 2 are given the number of persons 
estimated from, the census of 1901 raised by 10 per cent, throughout, 
except in the case of fanners, whose numbers are left unaltered; 
including farmers, an increase of 8*6 per cent, is allowed, which is about 
the increase of the whole populalion up to the end of 1909. Columns 
3 and 4 give the number paying and nob paying tax respectively, and 
, column 5 the margin assigned. Column 6 gives the average income of 
those not paying, column 7 its margin. Column 8 gives the aggregate 
of the estimates assumed correct. 

; The total of the numbers we have found subject to income-tax is 
, 900,000,^ while, if all the margins atb added together and all taken 
as positive, they amount to 212,000. Compiled, however, by iiie 
orror, as explained below, the margin suggested is about 
I 75^000, and is almost entirely due to that of Classes 16, 26, and 27. If 
■; of' 800^000 income-tax payers be correct, we have put 

; to in each of these classes, and they should be transferred 
to tofe' th^Medflirte Atess. ' ' _ ■ 
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* Tliore should bo added some numbers fco allow for the income-tax paying officers 
afloat or abroad in 1901, perhaps 10,000 to 16,000 for the Army and Navy jointly* 
t Viz,, £284,700,000 ± £29,400,000. 

i OChe moduli are compounded by adding squares and taking the square root of 
the sum* 
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It reifiiains to compute the error in the total from the errors in 
the details. Let n stand for the number of non-taxpayers in each 
class, c for its modulus— given in thousands— s for the average income 
in £, and Ic for its modulus, c and Ic are to have the meaning dis- 
cussed above arid to be regarded as measuring that particular distance 
from the average known as the modulus in mathematical statistics. 


Let A I be the estimate and A the true measurement, and lot A 1 = 5 = 
A (l“|“e3). 

Let A^ be the measurement if Ai was in defect equal to the modulus 
in both its factors, so that A’ = A i* -f t) 

approximately. Then by the theory of error ( s ^ 2 


approximately, 

and Ai =: A + [ch^ -i- ¥n^] approximately s=: A + 
Then K' is the modulus for the product. 


In the table K is taken as to correspond with the units used, 

and is worked out for each class and sub-class separately. 

To get the modulus for the aggregate we have by a known principle 
to add the squares of the moduli of the items and take the square root 
of the sum. If 0 is this final modulus, 

^ C2c= S(K2)=r 6,300+80,000=86,300 

and 0 = 294, viz. 29,400, OOOZ. 

The first term is due to the margin (c) in numbers, the second to the 
margin (fe) in income. The second term of itself would give O sp283 ; in 
fact, the errors in numbers are not important, and we need not there- 
fore discuss the effect that our approximate knowledge of th§ total 
number in the group has on the accuracy of the result, 

We thus arrive , at the conclusion that the aggregate earned income 
in the‘ intermediate group is 285,000,0001, with modulus 30,000,0001, 
usiiog round numbers. This is subject to the definitions and limitations 
of the income dealt with as stated thro\ighout the Eeport, and is con- 
ditioned by the accuracy of the occupational returns in the census. 

If Glasses 20, 25, 26, 27, 28, and 29 are excluded, the margin m 
the aggregate of the remaining classes is small ; the result for Glasses 
1 to 19, 21 to 24, 80, 31 being— 

No. of persons 1,263,000, modulus 33,000; aggregate income, 
108,700,000?., modulus 5,700,000?. 


UN35ABNED INCOME. 

Estimates for this can only be satisfactorily made by the authorities 
of Somerset House, but we have endeavoured to interpret the tables 
given in the Eeports of the Income Tax Commissioners.^ It appears 
that 45,000, OOOL under Schedules A, 0, and D is ‘ unearned * income 
to persons with less than 160?. a year from all sources. Of 
on 18,000,000?. is collected from and repaid to about 

tye had access to some details not published in the reports, which have 
to split up the tables ; but the estimates based on them arc not authoritative. 




OK THE AHOONT AKE DISTRIBUTIOK OF IHCOME. 


197 


en 

1. 

fl 

§ S-5=l 

o 

2- r 1 


”1111 


Men 

and 

Lads 

'^H 

'tH <-< tH csi 00 

ifS r^ i»«< 

CO 

10 i-H rHI j j 


g 


I 


r 

5» 

5S 

«3 





0 


00 



9 



rH 


tH 



lO 

CO <M ( >-4 


CO 

'S 0 

0 

PH 

03 

lO 

t^O 1 CO 

0 

00 

0 

CO 

CO 




pO 



i 1 


<1 


1 

HtJ 





700 r 'T[^>AO (^oii 
pw« VOf’I 

1 

CO CO 1 j j 

1 

CO 

pH CN 

- 1 1 

pH 

70f’T 

1—4 

COtM 1 1 j 

pH 

CO 

CO pH 

CO I 1 1 

CO 

70gt 


f-l 1 1 1 




1 I 


70SI J9A0 


CO 1 00 r 


l> 

CO CO 

1 1 1 

1- 

pn-B 7001 .X9A0 


1— 1 w 1 1 




I 1 


7001 ‘XaAO ^^OIl 

- MS 

CO<M It- ! 

CO 

tH 

10 CO 

0 1 1 

to 

pm 708 jaAQ 

i*-H 

<N CO 1 1 


K) 


pH 1 1 


70Q J 8 AO {^OU 


SS3 1^ 1 

pH 

CO 

03 <N 

CO 1 1 

00 

PUTJ 709 JtiAO 

f-i 

rH 

<N 

04 

w 1 1 

pH 

709 J 9 AO %on 

U5 

f-« 1 »H 1 

(N 


0 (>4 

03 1 1 

CO 

pm 701- 3.QAO 

00 

C<l 1 CO 1 

CO 


CN CO 

<M 1 1 

(N 

aaptin jro 70f- 



pH 

0 , 

CO t- 

1 1 

00 

CO 

»H 1 iH 1 

to 


to CO 

04 I 1 

<N 

■ ■ i'. 

03 

crt 50 

Oi 

<N 0 0 XO 0 

0 CO 0 <» 00 

S 

S 

pH CO 

03 03 ' 

to 0 ^ 
oi a>co 1 

1 *> 
00 



P"4 


pH 











709XJ9Ao^^ou i 

<M 

esi 00 00 c<i CD 

t- 

0 • 


CO CO 00 I 


pxni 7 on .lOAQ ! 

pH 

ct oa •-» P-4 


CO 

pH pH 

pH 

1 pH 

70XT '^^AO c^ou 

<M 

t- rH 0 00 

00 

CO 

CO 10 

t- CO 'rf4 

1 <N 

pxiB 705T 

(N 

1— 1 C4| pH 1 — 4 


(M 

pH pH 

pH pH ?— 4 

1 pH 

70?d -^^Ao q.ou 

1 <M 

00 to 10 10 

■rH 

CO 

03 H+l 

t- l> 00 

1 CO 

pi«j 700T -i^AO 

C^l 

1*4 IN 1-4 pH 1-4 

pH 

(N 

pH CN 

pH rH pH 

1 pH 

700T ‘t«Ao :^oxi 

1 Cs> 

CO CO <N CN 

CO 

t- 

CO t- 

t> CO pH 

1 00 

ptiB 708 itOAO 

1— 1 

.pH pH pH pH tN 

pH 

pH 

pH pH 

r-* (N CN 

1 pH 

708 JOAo (^ou 

1 CO 

C3 Hi4 CO CN CD 

pH 

pH 

CO CO 

to CO 

1 00 

pnxj 709^0 

1—4 

pH pH 04 

<N 


PH pH 

pH pH pH 

1 pH 

,700 .tOAO q.otx 

j CO 

UO <M 00 CO CO 

CO 

pH 

03 00 

tH to CO 

I 04 

put? 70f .toao 


pH pH pH 

pH 



pH pH pH 

1 PH 

aoputt ao 7 ot; 

CO 

CO <N hH pH 0 

CO 

’ 0 

CO 0 

00 00 0 

1 ^ 

pH 

1-4 pH CN pH 

pH 


rH 

pH 

1 pH 


§ 


•1 

•'§ 


14 


bO 

i 

si 


I 


J 

■ 3 

PQ 


1 


ce 

, 'p 



g, „ . . .Ill 
Jill 8»>i|lgfilo11'g 


o’Sv 

o| § I §335 g' 


w JfW CO A fmiNl 

“ -s J 3 ° K 

d WcGM 

3 



198 REFOBtS THE STATE OF SCOTOE. 

340,000 persons and the tax on the remaining 27,000,0001 is exempted 
and not paid; this last sum not improbably belongs to about 300,000 
persons. Whatever the numbers of persons, we have here the 
sum of 45,000,000z. accruing as unearned incomes to persons, occu- 
pied or unoccupied, who have less than 160L a year. In addition, 
there is a relatively small sum of interests, pensions, , which does 
not come under the cognisance of the Department, which has been 
estimated as not more than 5,O0O,OO0Z.^ An unknown part of these 
sums, however, belongs to the wage-earning^ class. 

Putting these estimates in conjunction with our last, and increasing 
the modulus to allow for the additional uncertainty, we reach the con- 
clusion that the intermediate group contains 4, 000, OCX) to 4,100,000 
persons, with an aggregate income, together with a relatively small 
amount of * unearned ’ income belonging to the wage-earners, from 
all sources between 300,000,0002. and 370,000,0002. a year. The most 
probable estimate is 336,000,0002., and (subject to the definitions we 
have used) it is distinctly improbable that the aggregate is outside the 
limits stated. 

Distribution oF' Income by Amount. 

It is not possible to distribute the four million persOi^n our inter- 
mediate class according to their incomes, for it is only iwxllasses 1, 2, 
9, 16, 17, 18, and 23 that we have any information, ahd these between 
them only amount to 19 per cent, of the whole. The table on page 197 
shows the distribution for these various groups and the weighted result 
when the groups receive importance according to their numbers. There 
is nothing improbable in the distribution shown, the large percentage 
under 402. shows that we have included an adequate number of boys and 
girls. 

EECOMMBNEATXdNS . 

, The work would be more definite if the Labour Department, working 
results of the census of 1911, It is greatly to be desired that the Irish 
census should be Earmonised with , that of England and Wales in 
its sub-divisions, and that the distinction between makers and dealers 
and between employers, employed, an# those working on their own 
account should be made. 

Dor the whole of the United Kingdom it would be a groat improve- 
ment if clerks were given, in an additional tabulation, according to tlie 
■main occupations to which they were attached, and if wholesale dealers 
were separated from shopkeepers. 

^ Tlie work would be more definite if the Labour Department, working 
with the Census Office, published an estimate of the numBer of persons 
who might be considered as manual workers, heading by heading from 
4he census. 

, The Inland Eevenue Commissioners have a great deal of information 
and possibly untabulated. TEe Pifty-third Eeport ha% 
. nmdl^^ately not repeated the important table on p. 138 of the Pifty- 
, second Rowing the amow^ of income taxed at 9d!, ; as to the numiers^ 
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we find still only the statement in a footnote that the 9d. rate was 
allowed to approximately three-quarters of a million persons annually. 
It is greatly to be desired that the Commissioners should publish 
detailed information showing the total number of persons who pay the 
lower rate, the numbers in relation to the amount of earned income, 
and the mimbers in relation to the amount of income whether earned 
or unearned. 


Gaseous Explosions, — Third Report of the Committee, consisting of 
Sir W* H. Preece {Chairman), Mr. Duoald Clerk and Professor 
Bertram Hopkinson {Joint Secretaries), Professors Boot, 
BtJRSXALL, Callendar, Coker, Dalby, ard Dixon, Dr. Glaze- 
brook, Professors Petavel, Smithells, and Watson, Dr. Harker, 
Lieut.-Colonel Holden, Captain Sankey, Mr. D. L. Chapman, and 
Mr. H* E. WiMPERis,^ appointed for the Investigation of Gaseous 
Explosions, with special reference to Temperature, 

APPENDIX rAOK 

A. Radiation from Flamea 214 

B. On Radiation in a Gaseous Explosion 221 

0. Ahsiracis from papers relating to Siemens^ Furnaces 225 

Six meetings of the Committee haye been held, one each at the Univer- 
sities of Leeds, Manchester, and Cambridge, one at the Imperial College 
of Science and Technology, and two. at 67 Lincoln's Inn Fields, by 
the kindness of Mr. Dugald Clerk, In accordance with previous prac- 
tice, notes dealing with their current work have been presented for 
discussion by members of the Committee, as follows 

No. 14. Dissociation A. Smithells and W. A. Bone. 

No, 1,5, Ignition Temperatures of Gases . , H, B. Dixon. 

No. 16, Modern Theories of Gases . . • Sir W. H, Preece. 

No, 17. Radiation from Plames . . . . H. L. Callendar. 

No. 18. Radiation in a Gaseous Explosion . B. Hopldnson. 

During the Session 1909-10 the experimental work by members of 
the Committee, to which allusion was made in the Second Report 
(1909), has been continued. Mr. Dugald Clerk's measurements of the 
volumetric heats of air and COg at ordinary temperatures by the method 
of adiabatic compression have yielded results in close^ accordance with 
those obtained by Swann. The method of division of heat-loss 
employed by Mr. Clerk in reducing the results was the same as that 
which he used in his original high temperature experiments. The 
correctness of the results obtained at the lower temperatures by this 
method goes far to justify its application to the compression and expan- 
sion of highly-heated gas. An account of these experiments will shortly 
be published, and will be quickly followed, it is hoped, by an account 
of further work on the compression of flame and heated gases on which 
Mr. Clerk is already engaged. Professor Hopkinson has published a 

^ Mr, Wimperis joined the Oommittco after the completion of the Report. 



200 . BEPOBTS orr ifflB STATE OE SOlEHTOB* 

papet ou iii6 x'adiation in a gaseous explosloii, to wliicli uiore particular 
reference is made later in this Eeport. 

A series of experiments on the temperatures of ignition of hydrogen 
and oxygen produced by adiabatic compression (according to the sugges- 
tion of Professor Nernst) has been carried out by Professor IP B. 
Dixon. It was found necessary to check the descent of the piston 
mechanically when the * ignition point ’ was reached, instead of allow- 
ing the flame itself to stop the movement, as in Fallens expcriinonts.'^ 
With quickly-igniting mixtures, such as electrolytic gas, there is little 
difference between the results obtained with a freely moving and with 
a checked piston ; but with slowly igniting* mixtures, such as mixtures 
of hydrogen and air and mixtures with a large excess of oxygen or of 
hydrogen, there is a considerable difference between the two methods. 
Thus, 'while the compression necessary to fire electrolytic gas agrees 
closely with that found by Falk, the addition of oxygen was found 
to lower the ignition-point continuously so far as the experiments were 
carried. Using the value of ^ deduced from Joly’s experiments, Pro- 
fessor Dixon finds that the ignition-point of electrolytic gas is 657® 
which is in close agreement with the ignition temperature determined 
by Dixon and Coward last year. 

Professor Dalby is communicating to the Association an account of 
his measurements by means of an orifice of the air-supply to a gas- 
engine. This work, while not bearing directly on the matters under 
discussion by the Committee, will be of considerable assistance to those 
who have to experiment on gas-engines and desire to dete^piine the pro- 
portion of air in the charge. Professor Coker has made, and will 
shortly publish, further measurements of the temperatures in a gas- 
engine cylinder. The Committee hope to be able to discuss Professor 
Coker's experiments at greater length next year. 

The Committee are not aware of any important publications on the 
Continent or in America (during the past year) which bear directly on 
their work, though mention should be made of a valuable paper, by Hans 
Schmidt ^ dealing with the i^adlntion from a Bunsen flame. 


On ihe Radiation from Gases* 

In the first and second Eeports of ihe Committee reference was 
made to the pa||j played by radiation in the cooling of the products of 
an explosion, and to , its bearing on the measurements of volumetric 
and specific heat with which those Eeports were principally concerned/ 
The general question of radiation from heated gases has, however, from 
the point of view of the Committee, an interest and importance of, its 
own which are sufficient to justify a detailed study of it in its wider 
aspects. Eadiation plays a part comparable with that of conduction 
in determining the heat-flow from the gas to the cylinder walls in the 
' rgis-engine, and it is this flow of heat which is the most important 
^|ieculiarity of the gas-engine, and to* which are chiefly due the leading 

Temperatures of Hydrogen.- Oxygen Mixtures,’ K* G. Falk 
Ohm. voL xxviii.. No. 2, 1900.] ‘ The Ignition Temperatures 
i* IC Q. Falk [Jmrn. American Ohm, Boe,» vol. xxix.. No. 2, 10071. 
Gea., 1909, p. 87. 
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cliaracteristics of its design. Even to tlic uninstructed eye the most 
obvious features about large internal-combustion engines are the 
, arrangements^ for cooling, and the great size and weight for a given 
power which is necessitated mainly by those arrangements. The clilTi- 
oulties which the designer has to meet are due in the main to the stresses 
set up by the temperature gradients which are necessary to sustain the 
flow of heat. In the present state of the art it is probable that the most 
important service which science could render to the gas-engine con- 
structor would be to establish definitely the principles upon which 
depends the heat-flow from hot gases into cold metal with which they 
are in contact, and thus to enable him to predict the effect upon heat- 
flow of changes in the temperature, density, or composition of the 
charge, and in the state of the cylinder walls. 

The Committee do not piupose in this report to deal with the whole 
of this large question, but will confine their attention to one important 
factor in heat-flow, namely radiation. The subject is a wide one, which 
has excited much attention among physicists and chemists, and on 
several important points agreement has not yet been reached. No 
attempt- will, therefore, be made to do more than state shortly the 
experimental facts, and to define the issues which have been raised 
in regard to the explanation of these facts. 

Praotical Bffeofs of Radiation, 

It is believed that the first instance in which radiation from a flame 
was used in 'an industrial process, with knowledge of its importance, 
was the re-generative glass furnace of Frederick Siemens, which lie 
described at the Iron and Steel Institute in 1884. Here the combustible 
gas was burnt in a separate chamber and the hot products of combustion 
were led into the furnace. The objects to be heated were placed on the 
floor of the furnace out of contact with the stream of flame which flowed 
above them. They would therefore receive heat only by radiation, and 
it was supposed that this radiation came in a large measure from the 
flame, Siemens, however, was of opinion (in 1884) that the radiation 
was due to, incandescent particles of carbon, and that there was little 
radiation from a non-luminous flame. ^ 

In 1890 Eobert von Helmholtz measured the radiation from a non- 
Imninous coal-gas flame 6 mm. diameter, and, found it to be about 5 per 
pent, of the heat of combustion.^ The radiation from a luminous flame, 
was greater, but not very much greater — ^rising to a maximum of 11| 
per cent, for an ethylene flame. Discussing the Siemens furnace in 
the light of these results, E. von Helmholtz calculated that radiation 
from the flame in the furnace could only account for a small fraction 
of the actual heat transmission. He pointed out, however, that a 
large flame would probably radiate energy at a greater rate than a 
small one. But while admitting that for this reason gaseous radiation 

1 Captain Sankey has prepared an abstract of papers relating to the Siemens’ 

furnaces. See Appendix C, p. 225. ^ ^ tr , t 

^ Die LicliU und WSnnesirahlung verbremender Qme^ Robert von Helmholtz, 

Berlin, 1890, .. . , . 
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might play a part in the heat transmission, he suggested that a more 
important agent was radiation from the roof of the furnace which 
received heat by direct contact with the hot gas and so reached a veny 
high temperature. He showed by calculation that a comparatively 
small excess of temperature in the roof over that of the floor would 
cause a su£B.cient flow of heat. 

. But though the discussions on the Siemens furnace and tlie, work 
of Helmholtz show that the idea that a flame, even if non-luminoiis, 
might radiate large amounts of heat was a familiar one to many people 
twenty years ago, its possible importance in causing loss of heat during 
and after a gaseous explosion and in determining the heat flow in a 
gas-engine does not appear to have been appreciated until quite recently. 
Professor Callendar was probably the first to draw attention to its sig- 
nificance in this connection. In the discussion on a paper about 
explosions, read before the Eoyal Society in 1906, he said that he 
bad found a non-luminous Bunsen flame to radiate 15 to 20 per cent, 
of its heat of combustion, and expressed the opinion that the loss 
from this cause in a closed-vessel explosion would be of the same order. ^ 
Professor Oallendar's note dealing with this matter is published in full 
in Appendix A, and it is only necessary to state hero that he was 
led to study the subject by his work on the efficiency of the petrol 
motor. 

There are, in fact, 'several points about the behaviour of gas-engirtes 
which suggest the importance of radiation as a cooling agent. The ' 
particular matter which attracted Oallendar^s attention was ilie effect 
of speed on thermal efficiency. His experiments showed that a part of 
the loss of efficiency in an internal-combustion motor, as compared 
with the corresponding air-cycle, was independent of the speed at which 
the engine was run. The loss of heat per cycle could, to a first approxi- 
mation, be represented by an expression of the type A-i-? where n 

is. the number of revolutions per minute and A and B are constants. 
The term A represents a constant loss of heat per explosion, and 
among the many causes contributing to this constant loss of heat, radia- 
tion from the flame is probably important.® 

Another phenomenon which is difficult to explain, except as the 
result of radiation, is the effect of strength of mixture on licat-loss. 
The following table shows some results which were obtained by 
HopMnson upon a 40-h.p. gas-engine®: — 

Peroentago of gas in cylinder contents . . , 8-fi ll-O per cent. 

Total heat-loss per minute . . . , . 1,510 2,300 B.Th.U. 

Total heat-loss as percentage of total heat-supply , 29 34 per oont. 

Temperature of piston ... . . .. . 300“ 0- 430“ C. 

_ • Jt will be observed that the proportion 0 ! heat-loss, to the walls 
moi^ases .very materially as the strength of mixture is increased. If 
tto .transfer of heat were wholly due to conduction it might be expected, 

, ' Hopkinson, Pros. Poy. Soc. A., vol. Ixxvii, p. 400. 

. , ®,Proc. Inst Automobile Sng,, June 1007. 

, -" Prac. Znet O.B., vot olxxvii. ,(1909). 
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apart from the disturbing influence of speed of ignition, which in this 
case was not very important, that the percentage of heat-loss would 
rather diminish with increase of charge, because the temperatme with 
the stronger mixture should be relatively less on account of the increase 
of volumetric heat. The increased temperature of piston and valves 
would work in the same direction. The existence of radiation, however, 
which increases more rapidly in proportion to the temperature, would 
account for the increased heat-flow. The practical importance of ques- 
tions of this kind is also illustrated by these figures, from which it 
appears that the piston is 50 per c$nt. hotter, though the charge of gas 
is only increased 30 per cent. 

More direct evidence of the, importance of radiation is furnished 
by experiments on the eflect of the surface of the walls. In the second 
report of the Committee reference was made to the belief which is 
widely spread among those who are concerned with the practical design 
and operation of gas-engines that polishing the interior of the combus- 
tion chamber tends to increase efficiency. Some experiments were also 
quoted in which it was found that lining an explosion vessel with bright 
tipfoil perceptibly retarded the cooling of the products. More recently 
an explosion vessel has been plated with silver on the inner surface, 

; results have been compared after exploding identical mix- 

tures, first when the lining was polished, and second when it was 
blackened over with lamp-black. It was found that by highly polishing 
the interior of the vessel the maximum pressure reached could , be 
increased 3 per cent, and the subsequent rate of cooling during its earlier 
stages reduced -by about one-third. These experiments leave no. doubt 
of the reality and of the practical importance of radiation as a factor 
in determining the heat-loss ih. the gas-engine.^ 

Keference may also be made to the part played by radiation in 
determining the heat-flow in a boiler. Attention was drawn to this by 
Dalby^ in a recent report to the Institution of Mechanical Engineers.® 
The circumstances in this case are widely different from those usually 
obtaining in the gas-engine, but the instance serves to emphasize the 
importance to the engineer of the questions which will be discussed 
in this report. 

Amount of the Badiation from Flame. 

E. von Helmholtz appears to have been the first to attempt the 
accurate measurement of the radiation emitted' by a flame. He found 
that a * solid ' flame G mm. diameter, burning coal-gas, radiated 
about 5 per cent, of the total lieat of combustion. A carton monoxide 
flame radiated about 8 per cent., and a hydrogen flame about 3 per cent. 
On account of the smallness of the flame his experiments have not 
much application to the problem of the gas-engine. The size of the 
flame aflocts the matter in two ways. In the first place, a large flame 
radiates more per unit of area than a small one, because a flame -is 
to a great extent transparent even to its own radiation, so that radiation 
is received not only from molecules at the surface of the flame, but also 

^ Hopldnson, Proc. Boy, Soc, 4., vol Ixxxiv. {X9Z0), p, 156* 

® Pvoo. In$U Mech Eng.t October 1909, 
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from those at a depth within it. This matter will be further dealt with 
in another section of the report. The second point is that the cooling 
of the gas is slower in a large flame than in a small one. The 
radiation originates in the vibration of the OO 3 and steam molecules, 
and the life of one of these molecules as a radiating body extends 
from the moment of its formation to the time when its vibrational energy 
has been destroyed by radiation and by collision with colder molecules, 
such as those of the air surrounding the flame. The smaller the flame 
the more rapid will be the extinction of the vibrations, and the less, 
therefore, the total amount of radiation per molecule. The products 
of explosion in a closed vessel or in a gas-engine differ considerably in 
this respect from any open flame, however large, which it is possible 
to produce, for they are not subject to cooling by mixture with the 
outside air. Moreover, the density of the gas is very much greater. 

Callendar has repeated some of Helmholtz’s experiments on a larger 
scale, and has found that the radiation in a non-luminous coal-gas flame 
30 mm. in diameter may amount to 16 per cent, of the whole heat of 
combustion. T’ui'ther reference will be made to Callendar *s under 

the heading of ‘ transparency. ’ 

Hopkinson has recently made measurements of the radiation emitted 
in the course of an explosion in a closed vessel and in the subsequent 
cooling. A bolometer made of blackened platinum strip was placed out- 
side a window of fluorite in the walls of the explosion vessel. The elec- 
trical resistance of this bolometer was recorded by means of a reflecting 
galvanometer throwing a spot of light on a revolving drum, and an 
optical indicator traced simultaneously a record of the pressure on the 
same drum. He found that the total heat radiated during and after 
an explosion of a 15 per cent, mixture of coal-gas and air amounted 
to over 22 per cent, of the whole heat of combustion. The radia- 
tion which had been received at the moment of maximum pressure 
amounted to 3 per cent., and it continued, though at a diminishing 
rate, for a, long period. Eadiation was still perceptible half a second 
after maximum pressure, when the gas-temperature had fallen 
tolOOOoC.^ 

Nature and Origin of the Radiation from Flames. 

In the gas-engine cylinder and in explosion experiments we are 
usually concerned with flames in which there is some excess of air. 
A mixture of similar composition burnt at atmospheric pressure would 
give^ an almost non-luminous ilame; in the gas-engine there is more 
luminosity on account of the greater density. There is, however, no 
reason to suppose that- the radiation in the gas-engine cylinder differs 
regards its quality or origin from that emitted by an open 

, , A very complete analysis of the radiation from different kinds of 
natne was made by Julius, and his experiments leave no doubt that the 
radiation is almost wholly due to the 00 ^ and steam molecules. Ho 

221): Appendix B to this 
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t'kamined the spectrum of the flame by means of a rock salt prism, 
and he found that in all flames producing both GOg and steam 
most of the radiation was concentrated into two bands, the wave 
lengths of which are, respectively, 4 * 4 /i and 2*8 . In a pure hydrogen 

flame the 4*4 band disappears completely, but the other remains ; and 
in the pure 00 flame the 2*8 band disappears, the other remaining. 
These results are independent of the nature of the combustible gas, 
the spectrum depending solely on the products of combustion.^ 

A confirmation of the statement that the radiation from these flames 
originates in the 00^ and HgO molecules only was furnished in the 
course of the work by R. von Helmholtz, to which reference has been 
made above. He measured the amount of radiation per litre of gas 
consumed, emitted by flames of given size burning respectively 
hydrogen, carbon monoxide, and certain compound gases, such as 
methane, giving both CO2 and steam. The supply of air was adjusted 
in each case so that the flame was just non-luminous. His results are 
best given in his own words, but it should be stated that he worked 
with a small flame about 6 mm. diameter and measured the radiation 
with a bolometer, taking the steady change of its resistance as a measure 
of the amount of radiation falling upon it : — 

* According to the experiments of Julius described in the first 
chapter, the quality of the radiation of flames depends only on the 
nature of the burnt and not on that of the burning gases. It is relevant 
to inquire whether the quantity of radiation is also dependent on the 
mass of the products of combustion., I have calculated in the second 
and third columns below how many litres of H3O and CO3, riespectively, 
arise theoretically from each litre of combustible gas. I then assume 
that for every litre of water produced as much radiation is sent out 
as corresponds to the radiating power of a hydrogen flame — for this 
gas yields one litre of H3O per litre of combustible — and that in a 
corresponding way the radiation from one litre of carbonic acid would 
be determined by the radiating power of the carbonic oxide flame, and 
I can then calculate the radiation from the noiiduminous flames of 
methane, ethylene, and coal-gas. 


Gas 

Litres 

F 

H*iO 

COa 

Observed 

Calculated 

Hydrogen 

1 

0 

74 

— 

Carbon Monoxide . 

0 

1 

177 

— 

Marsh gas .... 

2 

1 

327 

325 

Ethylene 

2 

1 2 

510 

502 

Coal gas 

1*2 

0*5 

181 

170 


* The correspondence between the calculated numbers with the . 
radiation from a flame which has just been rendered non-luminous 
surprised me the more since the latter is conditioned, in some measure. 


^ jD»e LichU xml W atmutrahHifug iwlrannter Qase. Dr. W. H. Julius, Berlin, 1890^ 

1910 . P, 
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by the volume of air mixed with the gas, and this is very different for 
the three non-luminous flames. On this account it cannot be asserted 
that this agreement is not accidental. Moreover, the number of obser- 
vations is much too small. Nevertheless, the experiment seems worthy 
of record and will be followed up further. ' 

With regard to the last remarks, it is to be noted that the fact that 
the flame was just rendered non-luminous shows that the air was in 
each case in approximately the proportion recpiired for complete com- 
bustion. The heating value of such a mixture is much the same for 
all the gases in the above table, and the temperatures of the flames 
would be still more nearly the same, the higher heating value of a 
GO mixture being partly neutralised by the high specific heat of the 
products. The agreement is certainly more than a coincidence. W. T. 
David, from a comparison of the radiation emitted in the steam and GO 
bands respectively in a coal-gas and air explosion, infers that COg 
radiates about 2^ times as much as steam per unit of volume. This 
result, which was obtained in ignorance of Helmholtz's estimate, agrees 
with it almost exactly. 

Cold CO2 shows a strong absorption band at the same point of 
the spectrum as the emission band given by a flame in which CO3 is 
produced, and water-vapour powerfully absorbs the radiation from a 
hydrogen flame. 

As stated above, it is most probable that the radiation in an explosion 
also consists almost entirely of the same two bands as are emitted by 
the Bunsen flame. A complete analysis of the radiation from an ex- 
plosion has not been made, but Hopkinson and David found, using a 
recording bolometer, that the radiation is almost completely stopped 
by a water-cell, and that it is largely stopped by a glass plate. It 
follows that the luminosity of the flame in an explosion or in a gas- 
engine accounts for but little of the energy which it radiates. 

Molecular Theory of Radiation from Oases, 

Much difference of opinion exists as to the physical interpretation 
of the facts described in the preceding sections. The issues in this 
controversy can conveniently be stated in terms of the molecular theory, 
and it is, therefore, desirable to give a short account of this theory. 
But it will be apparent that the issues are not merely of theoi'clical 
interest, but are in large measure issues of fact capable of being tested 
by experiment, and that the answers to important practical questions 
may depend on the manner in which they are settled. 

According to the kinetic theory, the energy of a gas must bo 
referred partly to translational motion of the molecules as a whole and 
partly to motions of some sort internal to the molecules. The transla- 
tional motion is that which causes the pressure of the gas, and in the 

case of gases for which 2^ is constant (with which alone we arc 

poncernedin this discussion), the translational energy per unit of volume 
is.efual in absolute measure to 3 ^ time the pressure. This part 
of the .energy may conveniently be called ‘pressure energy.’ Ifc 
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amounts to neai'ly 3 calories per gramme molecule, or to 12 foot-pounds 
per cubic foot per degree Centigrade. 

The other part of the energy produces no external physical effect 
except radiation, and at ordinary temperatures, when there is no radia- 
tion, its existence and amount are inferred from the fact that when 
work is done or heat put into tho gas the corresponding increase in 
pressure energy amounts to only a fraction of the whole. The internal 
motions to which this suppressed energy corresponds may be pictured 
as of a mechanical nature, such as the vibrations of spring-connected 
masses or as rotation about the centre of gravity of the molecule, but 
there is not the same reason as exists in the case of the transitional 
energy for supposing that they are really of this character. They may 
be, and indeed probably are, electrical phenomena, at any rate in part, 
Any radiation from the gas must take its origin in this internal motion, 
and so much of that motion as gives rise to radiation must be of a 
periodic character and have a frequency equal to that of the radiation 
emitted. It will be convenient to call the whole energy which is internal 
to the molecule ‘atomic energy,' and that part of it which gives rise 
to radiation may be called ‘ vib^rational energy. ' The vibrational energy* 
may be imagined as due to high-frequency vibrations within the mole- 
cule, and the rest of the atomic energy as due to slower movements — 
perhaps rotations of the molecule as a whole — which do not produce 
any disturbance in the aether. This remaining energy may conveniently 
be called ‘ rotational,’ it Being understood that the motion to which it 
corresponds is not necessarily a physical rotation, but is some internal 
motion which gives no external physical effects. 

When the gas is in a' steady state the various kinds of energy 
will bear definite ratios to one another, dependent on the temperature 
and pressure. It may be expected, however, that after any sudden 
change of temperature or pressure the gas will not at once reach the 
steady state of equilibrium corresponding to the new conditions. For 
instance, it may be that in the rapid compression of a gas the work done 
goes at first mainly to increasing the translational energy. If in such 
case fehe compression be arrested, and if there be no loss of heat, this 
form of energy will be found in excess; and a certain time, though 
possibly a very short time, will elapse before the excess is transformed 
by collisions into atomic energy and the state of equilibrium attained. 
This change, would be manifest as a fall of temperature or of pressure 
without any change of energy. 

If, on the other hand, the gas be heated by combustion, the first 
effect is undoubtedly an increase in the energy of those molecules, 
and of those only which have been formed as the result of the combus- 
tion; and it is probable that in the first instance the energy of the 
newly formed ’molecules is mainly in the atomic form. Before 
equilibrium can be attained there must be a process of adjustment, in 
the course of which the energy of the new molecules will be shared 
with inert molecules, e,g., the nitrogen in an air-gas explosion, 
while the translational form of energy will increase at the expense of 
the atomic energy. The final state of equilibrium reached will be the 
same at the same temperature, whether the gas was heated in the first 

p 2 
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instance by combustion or by compression; the assumption that this 
is the case is involved in any statement of volumetric heat as a definite 
physical quantity. The pressure energy in the final state of equilibrium 
is certainly shared equally between the different kinds o! molecules, but 
the atomic energy is not necessarily equally shared. It is known, for 
example, that the steam molecules, after an explosion of hydrogen and 
air, carry, on the average, more energy than the nitrogen molecules, 
though tlie pressure energy is the same. 

The process of attaining equilibrium after an explosion, which has 
just been described, would (if heat loss were arrested) result in a 
rise of temperature, and in the ordinary case of rapid cooling it would 
retard the cooling. It would, therefore, be indistinguishable as regards 
pressure or temperature effects from continued combustion or after- 
burning. 

Stated in terms of the molecular theory, the first question as to 
which there is difference of opinion is whether the radiation from a 
jdame arises from gas which is in equilibrium or whether it comes from 
molecules which still, possess a larger share than tihey will ultimately 
, (in the equilibrium state) be entitled to, of the atomic energy which 
resulted from their formation. If the products of combustion of a non* 
luminous Bunsen flame were heated — say, by passing through 
tube — to the average temperature of the flame, would they emit 
substantially the ^ same amount of radiation ? In order to clear the 
ground for the discussion of this question it will be convenient, first, 
to state two or three points about which there will probably be general 
agreement. First, there is here no question of the origin of luminosity, 
for the luminous paii of the radiation from the flame possesses practi- 
cally no energy. Secondly, the radiation, whether in the heated gas or 
in the flame, arises almost entirely from the compound constituents 
CO3 and H^O ; in neither case does any come from the molecules of 
nitrogen or of excess oxygen. And, thirdly, the powerful absorption of 
cold OO2 for the radiation from a 00 flame, and of water vapour for 
that from a hydrogen flame, will probably; lead all to admit that these 
gases when heated will emit some radiation of the same type. The 
only question is, how much? 

E. von Helmholtz was of opinion that the radiation in a flame comes 
mainly from niolecules which have just been formed, and which are 
therefore still in a state of vigorous vibration. Pringsheiin, BuiithellH, 
and others take the spie view. ^ This is practically equivalent to saying 
that this radiation, like the radiation of higher frequency which gives 
luminosity, is due to chemical action and not to purely thermal causes* 
On the other hand, Paschen and some others have maintained that 
the radiation from a flame is purely thermal, or that it arises from gas 
\ymch has attained the normal or equilibrium state and is substantially 
the same as that which would be emitted if the products of combustion 
were heated. 


It will readily be seen that the difference between the two opinions 
really hums on the question oftlie time taken by a gas wliidr is not 
mitiaUy m, ,or has been disturbed from, the equilibrium state to attain 
that state. All will concede that the C 0 „ or steam molecule will 
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radiate more powerfully just after its foniiation than at any other 
time. If, as K. von Helmholtz contended, the greater part of the 
radiation which it gives out in the course of its life is to be ascribed 
to this early period of its history, we must suppose that that period 
is sufficiently extended to give time for the omission of a considerable 
amount of energy, with a rate of radiation which, though greater than 
that of the gas in its ultimate equilibrium state, is at least of the same 
order of magnitude. In other words, we must suppose that the process 
which may indifferently be called attainment of equilibrium, or con- 
tinued chemical action, must go on in the gases as they pass through 
the flame for a time of the order perhaps of of a second. For if 
it be supposed that equilibrium is reached in an excessively short time, 
say in xuVu second or less, then the radiation, if ascribed to that 
short period, must be supposed to be of corresponding intensity — 
there must be a sudden and violent flow of energy by radiation just 
while combustion is going on, and very little radiation after it is com- 
plete. This is, however, negatived by the bolometer measurements 
made during an explosion, which show that radiation goes on for some- 
thing like half a second after maximum pressure (see Appendix B). 
Those who hold that the radiation emitted by CO 3 and steam is mainiy 
due to continued combustion must be prepared to admit that such 
combustion goes on for a long period after the attainment of maximum 
pressure in an explosion. The issue involved here is, in fact, the same 
as that in the controversy about ‘ after-burning. ' 

The principal argument advanced by E. von Helmholtz in support 
of liis view is the experimental fact discovered by him that the radiation 
of a flame is diminished by heating the gas and air before they enter 
the burner, in spite of the fact that the temperature of the flame must 
be raised. This he explains by the acceleration of the approach to the 
state of equilibrium which would be brought about by the more frequent 
collisions between the newly formed compound molecules and their 
neighbours. 

The question of the velocity with which a gas approaches its normal 
state after a disturbance has been much discussed in connection with 
the kinetic theory. Immediately after an explosion we have an extreme 
case of such a disturbance, the atomic energy being, at any point which 
the flame has just reached, in considerable excess. The transformation 
of this energy into the pressure form will proceed at a i^ate diminishing 
with the amount remaining to be transformed -and, in the final stages 
of the ])roceBS at all events, proportional thereto. The slowness of 
approach to the state ol equilibrium may be measured by the timej 
3'equired for the reduction of the untransformed energy in any specified 

ratio. It is usual to take - as this ratio, and following Maxwell, the 

0 * 

corresponding time may be called the * time or relaxation. ' Estimates 
of this time, based on the kinetic theory of gases, may be made in 
various ways, but they all involve hypotheses as to the nature of the 
action between the molecules, and must be regarded as little more 
than speculation. It will be well, however, to indicate the general 
character of the arguments on which they are based. By methods 
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which need not be considered in detail here it is possible to calculate 
the number of collisions with its neighbours which the average molecule 
undergoes per second. This calculation can be approached in various 
ways, based on different kinds of data, but they all lead to the same 
result, at any rate as regards order of magnitude — ^namely, that a mole- 
cule of air at normal temperatiu-e and pressure collides on the average 
3 X 10^ times per second with other molecules. At every collision the 
energy distribution in the colliding molecules is modified, both 
as regards the manner in which it is shared between the two and the 
relative proportions due to vibration and translation in either. It is 
argued that after every molecule has suffered a few thousand collisidns, 
which will happen in a millionth of a second, the gas must have reached 
a steady average state. This argument would, however, be upset if 
the interchange of energy as between vibration and translation at each 
collision were sufficiently small. It is only necessary ^to suppose that 
a vibrating molecule loses less than one thousand millionth part of its 
vibratory energy at each collision, to raise the time of relaxation to 
something of the order of a. second. Any objection to this supposition 
must be founded on some hypothesis, which cannot be other than 
entirely speeffiative, as to the mechanism of a collision. The kinetic 
theory, therefore, can give no information about the absolute value of 
the time of relaxation, though it provides valuable suggestions as to 
the Way in,' which that time is affected by the temperature and density 
of the gas. 

There is plenty of physical evidence, however, that in ordinary 
circurnstancevS the time of relaxation is excessively short. The 
phenomenon of the propagation of sound shows that compressions and 
rarefactions of atmospheric air may take place many thousands of times 
in a second without the gas departing appreciably at any instant from 
the state of equilibrium. The experiments of Tyndall, in which an 
intermittent beam of radiant energy dii-ected through the gas caused 
variations of pressure sufficiently rapid to give sounds, show that the 
transformation of vibrational into pressure energy under the conditions 
of his experiments is a process far more rapid than any with which 
we are accustomed to deal in the gas-engine or in the study of gaseous 
explosions. *!fhe depariui^e from equilibrium which follows combus- 
tion is, however, of a special kind, and it may be that ilie gas is slowei* 
in recovering from it than when the disturbance is that produced by 
the propagation of sound at ordinary temperatures. 


Transparency. 

The radiation from hot gas is complicated by the fact that the gas 
is to a considerable extent transparent to its own radiation. The 
radiation emitted, thpefore, depends upon the thickness of the layer 
of gas, instead of being purely a surface phenomenon, as in the case 
of a solid body., This property, besides being of great physical interest, 
^ important from the point of view of the Committee because upon it 
depehds, or may depend, the relative magnitude of radiation losses in 
engines explosion vessels of different sisses. 
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The transparency of flames is well illustrated by some experiments 
which Professor Callendar has been making, and which he showed to 
the Committee, ^ The radiation from a Meker burner (which gives a 
* solid ’ flame without inner cone) was measured by means of a Pery 
pyrometer, the reading of which gives a measure of the radiation trans- 
mitted through a small cone intersecting the flame and having its vertex 
at this point, of observation (see fig. 1). Callendar proposes to give the 
name ' intrinsic radiance ’ to the radiation of a flame measured in this 
Avay, divided by the solid angle of the cone. When a second similar 
flame was placed behind the first in the line of sight, it was found that 
the reading recorded by the pyrometer was considerably increased, but 
not doubled ; the first flame appeared to be partly, but not completely, 





transparent to the radiation emitted by the second. A third flame 
placed behind the first two contributed a further but smaller addition 
to the radiation, and as the number of flames in the row was increased 
the radiation received from eacli fell off according to an exponential 
law. The total radiation from the whole row (which is that recorded 
on the pyrometer) tends to a finite limit as the number of flames is 
increased. The radiation from a depth of 12 cm. is about half, and 
that from a depth of 100 cm. is within one-half per cent, of that 
emitted by an infinitely great depth. 

The general result of Oallendar's experiments is to show that flames 
of a diameter of three centimetres or less burning at atmospheric pres- 
sure emit radiation approximately in proportion to the volume. If the 
diameter be increased beyond that figure the radiation will also increase, 
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but not in proportion to the volume of the flame. The radiation from 
very large flames would tend to become proportional to the surface, but 
no certain inference as to the diameter of flame for which this would be 
substantially true can be drawn from Oallendar's experiments, because 
he was looking along a thin row of flames in which there was but little 
lateral extension. 

The flames met with in a gas-engine cylinder or in explosion vessels 
differ from open flames such as can readily be produced in the labora- 
tory, both in respect of the lateral extension which has just been 
mentioned, and also in respect of density. In both these particulars the 
difference is rather great, the least dimension of the mass of flame in 
a gas-engine cylinder being only in the smallest sizes comparable with 
the diameter of the M^ker burner flame, while the density of the gas 
just after firing in the gas-engine is from twenty to thirty times that of 
the burner flame gases. It does not seem possible from theoretical 
considerations to determine the effect of these two factors with sufl5- 
cient accuracy to enable any quantitative inference as to radiation in 
the gas-engine to be drawn from laboratory experiments on flames, but 
it is useful to discuss their probable qualitative effects. 

In fig. 1, p is the point of observation at which the pyrometer is 
placed, as in Oallendar's experiments, and the portion of the flame 
from which the radiation is measured is that intercepted by the small 
cone. If a second similar flame b is placed behind a at a consid§l*able 
distance but so that it is intersected by the cone, then the radliition 
recorded by the pyrometer will be increased, say, by 60 per cent., 
showing that of the radiation emitted by b and falling on a 50 per cent, 
is absorbed and the remainder is transmitted to the pyrometer. The 
absorbed energy is of course not lost, but must result in slightly in- 
creased radiation from a in all directions. The flame a appears to be 
a little hotter because of the proximity of b. Thus the increase of radia- 
tion absorbed at the pyrometer is due not only to the radiation trans- 
mitted from B but also to an increase in the intrinsic radiance of a. If 
the two flames are a considerable distance apart, the latter part is negli- 
gibly small, since the flame a does not then receive much radiation 
from B, and what it does receive is dissipated in every direction. But 
when flame b is pushed close up to a in to the position of b' (fig. 2) this 
effect may be* considerable, and it is obvious that it will be greatly 
enhanced if the two flames are extended laterally as in fig. 3. For in 
such case flame a must get rid of the energy which it is receiving by 
radiation from b' mainly by an enhanced radiation in the direction of p. 
It may, therefore, be expected that the effect of lateral extension will 
be to make the flame apparently more transparent. 

To a first approximation it may be expected that the radiating and 
absorptive powers of a gas at a given temperature will be proportional 
touts density. That is to say, two geometrically similar masses of 
flame, 5n which the temperatures at corresponding points are the same, 
and the densities in inverse proportipn to the volumes (so that the total 
masses are the same), will radiate in the same way and to the same 
total amount. It would, seem thdt this must be so, so long as the 
yibratiens of the radiating molecules are the same in character and 
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amplitude in the two cases, For there will then be the same number 
of molecules vibrating in exactly the same way and arranged in the 
same way, in the two oases. The only difierence is in the scale of the 
arrangement, and this can only affect the matter if the distance 
between molecules is comparable with the wave-lengths of the radiation 
emitted, which is not the case. It is only, however, within moderate 
limits that the molecular vibrations are independent of density. 
Angstrom found that the absorption of the radiation from a given source 
in a tube of OO 3 at ordinary temperature and atmospheric pressure was 
reduced by increasing the length and diminishing the pressure^ in. the 
same proportion so as to keep the mass of gas constant. Schafer found 
that on increasing the pressure the absorption bands of this gas were 
v/idened, so that the curve connecting intensity of radiation and wave- 
length did not remain of the same shape.^ These experiments were 
made at low temperatures, and at the higher temperatures in which 
the Committee are more particularly interested there has been but little 
work. There is no reason to doubt, however, that the character and 
amount of the radiation from OOg and steam at high temperatures will 
change with the density. 

From the point of view of the molecular theory, such a change 
might be anticipated from either of two causes. An increase of density 
implies a proportionate increase in the frequency of molecular col- 
lisions, and this would result in greater facility of interchange between 
the translational and atomic types of energy. It is possible that the 
equilibrium proportion of the two types might be different in conse- 
quence, The , denser gas may conceivably possess, with a given amount 
of translational energy, more atomic energy, and therefore radiate more 
strongly at a given temperature. It is certain that there would be a 
more rapid attainment of equilibrium in the gas after an explosion, or 
a rapid expansion. Another possible cause is a direct inter-action 
between the molecules apart from collisions. Two molecules at a 
sufficient distance apart will vibrate practically independently, each 
behaving as though the other was not there, except that there will be a 
tendency for them to vibrate in the same phase. But if the two are 
close together they react on each other so that the natural period 
or periods of the two together will not be the same as those which 
each would have if it were isolated. 

Such direct measurements as have been made of the radiation after 
a closed vessel explosion suggest that the flame is more transparent 
than might be inferred from the experiments on open flames. According 
to information given to the Committee by Professor Hopkinson, 
W. T. David has found that the radiation received by a bolometer placed 
outside a fluorite window in the cover of a cylindrical explosion vessel 
30 cm. X 30 cm. is greatly increased by highly polishing that portion 
of the opposite cover which can be ‘ seen ' by the bolometer. This 
implies that a thickness of 30 cm. of flame in these circumstances 
can transmit much of the radiation which it emits. The density of 

1 Mh for Mat A^fron. och Stockholm, vo}. iv., No. 30, p, 1. 

* Am* der Physik vol, xvj, (1905), p, 
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the gas in this case was atmospheric, and the 30 cm. thickness in the 
explosion vessel would be equivalent to perhaps 150 cm. of open flame 
if absorption were simply proportional to density. According to Oal- 
lendar's experiment, such a thickness would be almost completely 
opaque. It is possible that the lateral extension is sufficient to account 
for this result. The open flame should be a cylindrical mass of dimen- 
sions 150 cm. X 150 cm., instead of a long strip with a cross section 
of 3 cm., in order to make the two cases strictly comparable. It will 
be remembered that in the discussion above it appeared that the 
laterally extended flame would seem to be more transparent. 

In the course of the year Mr. D. L. Chapman, of Oxford, and 
Mr. H. E. Wimperis have joined the Oommiitee. 

The Committee recommend that they bo reappointed, and ask for a 
grant of lOOL 


APPENDIX A. 

Radiation from Flames, By H. L. Callendar. 

In the course of my experiments in 1903-04 with a small petrol 
motor of 2’36-inoh boi'e on the variation of efficiency with speed, 

, I became convinced that the greater part of the loss of efficiency with 
a small high-speed motor was practically independent of the speed. 
Loss by radiation from the flame appeared to be one among the many 
possible causes contributing to this result, and I accordingly niade some 
experiments on radiation from flames with a view to estimate the 
pi’obable order of magnitude and the possible limits of the loss incurred. 
The experiments were necessarily of a qualitative character, and could 
not be directly applied to the calculation of the actual loss occurring 
in an internal-combustion en^ne, but they appeared to indicate that the 
effect was much larger than had generally been supposed, and could 
not be neglected in a discussion of the heat loss occurring m, a gaseous 
explosion. 

Some of the results of these experiments were mentioned in the 
discussion on a paper by Professor B. Hopkinson, " Explosions of Coal 
Gas and Air, * ^ and a general summary was given in the disoussioti 
on ray paper, * On the Effect of Size on the Thermal Efficiency of 
Motors, ’ ^ from which the following is a quotation. 

* A large part of the energy of iho flame during ignition exists hi 
the form^ of energy of vibration of the dissociated and reoombimng 
ions, which is proved by the fact that a flame radiates energy more 
intensely than a mass of inert gas at the same temperature. The 
energy of vibration is realised as pressure, or energy of translation, only 
in proportion as the ions combine and equilibrium is established. The 
to^- of thermal efficiency from this cause is merely another aspect of 
Association or increase of apparent specific heat, and is not a loss of 
h^t at dl, though it gives rise, as already explained, to a considerable 
di|nmution of the thermal efficiency. But while the condition of flame 

> i Free. RS.A,, p. 400, April 1906. 

. ~ ^ Proc, Jmt* April 1907^ 
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persists, there is necessarily some loss of heat by radiation to the walls. 
In order to estimate this loss, 1 made a series of direct measurements 
of the actual proportion of the heat of combustion radiated from various 
flames, luminous and non-luminous, some of which were quoted by 
Hopkinson in his paper. I found that the heat radiated from an 
ordinary non-luminous Bunsen flame might amount to 15 per cent, or 
20 per cent. , but that it depended on the duration of the incandescence 
and was much smaller, corresponding with a reduction in the size of 
the flame, in explosive ’ mixtures. It is nob possible to estimate 
separately the exact amount of this loss in the cylinder of a gas-engine, 
but I think it belongs chiefly to losses of the type A, being proportional 
to the wall surface exposed, and practically independent of the time, 
since #the duration of the flame is short in the most efficient mixtures. 
It is pi'obable, however, that pai't of the radiation loss taking place 
during the propagation of the flame and throughout its mass is propor- 
tional to the volume and not to the surface, in which case it would 
be represented by a constant term in the expression for the loss of 
thermal efficiency.' 

The only account which I have been able to find of previous syste- 
xnatio experiments on the proportion of the heat of combustion radiated 
from a flame is in a thesis for doctorate by Eobert (the son of Hermann) 
von Helmholtz. For the majority of non-luminous hydrocarbon flames 
mixed with air E. Helmholtz finds approximately the same result, 
namely 5 per cent, of the heat of combustion radiated. According to 
my experiments this low value is to be explained by the fact that he 
employed in these measurements small flames, 6 mm. diameter by 
60 mm* high, which were probably burning at a comparatiyely low 
temperature, and which do, as a matter of fact, give a percentage of 
this order. In one case he finds 8*7 per cent, of the heat of combustion, 
radiated by a flame 11*8 mm. diameter. 

In nxy own experiments the heat radiated from flames of various 
sizes, and burning under different conditions, was measured, in calories 
per square cm. per minute, at a measured distance, by means of an 
Angstrom pyrheliomoter in a special mounting. The constant of the 
pyrheliometer, which had shown signs of change, was checked by 
means of a radio-calorirne.ter and also by an absolute measuring bolo- 
meter. An ordinary wet-meter was employed for measuring the gas 
supply to the flames, and the same meter was employed in the measure- 
ment of the calorific value of the gas with a Boys calorimeter. In 
some experiments the air supplied to tlie flame before ignition was 
measured with the apparatus subsequently employed by Swann ^ 
in his experiments on the specific heat of air and COo. This was 
useful for estimating the strength of mixture in relation to the 
appearance of the flarnfe, and for varying the temperature, but could 
not give quite exact results because the flames were necessarily burn- 
ing in free air. With the air and gas adjusted as nearly as could 
be estimated in the proportions required for complete combustion, the 
proportion of heat radiated varied from 10 to 15 per cent, for burners 


* Phil, Trans. A, 2l0, p. 20B. 
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from 1 iuoli to 4 inches diameter. As the air supply was reduced for 
the same rate of gas consumption, the size of the flame increased and 
also the heat radiated. A maximum of 15 to 20 per cent, was reached 
for these burners when a brilliant and well-defined inner cone was 
formed. If the amount of air supplied was in excess of that required 
for complete combustion, the radiation fell off considerably in conse- 
quence of the reduction in size and fall in teniperature of the flame. 
When the air supply was reduced until the inner cone disappeared, 
with burners of this type, the flame became unsteady and was reduced 
in temperature, the radiation falling to about 12 to 16 per cent. With 
steady luminous flames, of the Argand or bat’s-wing type, there was a 
considerable increase of radiation on excluding air from the flame. 
With small flames of low temperature the proportion of heat radiated 
might be as low as 2 or 3 per cent. 

These results appeared to indicate that the radiation depended largely 
on the size of the flame as well as on the temperature, and on the 
presence of 00 or solid 0 when the air was insufficient for complete 
combustion. The mixtures employed corresponded fairly with the 
range available in a petrol motor, but the temperature of the flame 
in a motor, with ignition at constant volume, would oei’tainly be much 
higher. A considerable percentage of the loss of thermal efficiency in 
such cases might evidently be ascribed to radiation. The exact propor- 
tion could not be directly estimated, but it occurred to me in preparing 
this^ note that the probable effect of radiation on the variation of 
efficiency with size could be deduced by a more complete study of one 
particular type of flame, and by measuring the radiation and absorption 
for different thicknesses. With the assistance of Mr. G. Nelson, I have 
accordingly repeated and extended some of these observations. 


Sscperiments with a M^her Burner. 

The type of burner selected for these experiments was the M^ker 
burner, witli a nickel grid of 3 cm. diameter, consuming gas at the 
rate of 0*185 cubic feet a minute. The heat radiated was measured 
in calpries per square cm. per minute by an Angstrom pyrheliometer 
at a distance of 52 cm., and the result multiplied by 4522 to deduce 
the total radiation in calories per minute, assuming the flame to radiate 
equally in all directions. The lower calorific value of the gas was 
measured wet under the temperature and pressure of the experiment, 
and was found to vary from 470 to 500 B.T.U. per cubic foot. With 
full air-siipply, the gas and air being nearly in the proportions required 
for cornplete combustion, the burner gives a solid homogeneous conical 
pointed name, with no indications of an inner cone. As the air supply 
IS reduced minute cones make their appearance over the grid and 
nnally co^esce into a single steady brilliant inner cone, which increases 
,m size. Ihe percentage of heat radiated rises steadily with increase of 
size of the flame, from 10*6 with full air-supply to 16 per cent, as a 
maximum with a large and bright inner cone. Beyond this point the 
becomes ill-definod, the flame flickers, and the radiation 
tans Off to 14 per cent., rising again, to over 16 as the flame becomes 
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huninous. These variations are compared in the accompanying table 
with the approximate composition in volumes of air to one of gas before 
ignition. The form of the curve depends to some extent on the shape, 
size, and nature of the flame. It would not be the same for a bat's-wing 
or Argand flame. The rate of gas consumption was maintained approxi- 
mately constant, and the size of the flame varied with the strength of 
mixture. 

Total radiation of M6kor burner per cent, of heat of combustion : 

Total Eadiation per cent. . , 10-5 12*3 14*0 15*9 14*1 14*6 17 

Ratio Air/Gas by vol. ... 5 4 3 2*6 1*5 1 0 

The gas was in all cases completely burnt. The ratio of air to gas 
before ignition merely describes the nature of the flame. Mixtures in 
these proportions, if burnt without further addition of air, would not, 
of course, radiate the same per cent, of heat. ” With the ratio air 
to gas = 5, the duration of the luminous flame was estimated at about 
a fiftieth. of a second. 

Inlrinsic Badiance of Flame. 

The intrinsic radiance of a flame has the same meaning in respect 
of total energy of radiation that intrinsic brilliance or brightness has 
in respect of luminosity. It may be measured by the radiation emitted 
per unit area of surface, but in the case of a flame which is more or 
’less transparent the radiation comes from a finite thickness, and must 
be measured per unit of solid angle subtended. This measurement 
may conveniently be eSeoted by means of a total radiation pymmeter 
of any kind in which an image of the flame is formed on a radiometer 
or bolometer. A Fery mirror pyrometer was employed for this purpose, 
the instrument being focussed on the flame at a height of 4 to 5 cm. 
above the grid, where the flame was steady and sensibly homogeneous. 

With this restriction it was found that the intrinsic radiance of the 
M^ker burner did not vary materially as the air supply was reduced 
from that necessary for complete combustion, until the inner cone 
became so large that the flame could no longer be regarded as sensibly 
homogeneous. This showed that the increase of total radiation simul- 
taneously observed was due chiefly to increase in the size of the flame, 
and that the increase of thickness of the flame was compensated either 
by fall in temperature or by increase in absorptive power. The thick- 
ness of the flame at the height focussed in the pyrometer varied from 
2*8 cm. with full air supply to 3*6 cm. when the inner cone was 3 cm. 
high and just cleared tho area focussed. 

In order to determine the manner in which the intrinsic radiance B 
varied with the thickness x of the flame in the line of sight, and to 
measure the coefficient of absorption, six precisely similar burners were 
mounted in a row along the "axis of the radiation pyrometer, which 
was focussed in such a way that the reading was the same for any one 
of the burners singly or for any combination of the same number of 
burners at different distances. The pressure of the gas supply was 
regulated to a constant value, and care was taken to prevent the air 
in the laboratory from becoming contaminated, which produced a notable 
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effect on the radiation. Several series of measurements were taken 
with one to six burners lighted in different orders, for two distinct states 
of the flame which were easily reproducible, namely (1) with full air- 
supply and (2) with the inner cones 2*5 cm, high. In iiho latter case 
the flames all touched each other, and the layer of flame was 21*6 cm, 
thick and was sensibly homogeneous. 


Bumvnafy of Observations, 

> Full Air-Supply» Mean thickness per flame, 2*8 cm. 

Number of Flames ... 1 2 3 4 

Radiation Observed ... 68 124 171 214 

Radiation Calculated . . . 66 124 173 216 

Formula R == 473 (l-c-osa?^) 

Limit R/a; when a; = o, = 473x0*0537 == 25*4 per cm. thickness a:. 
Limit of R when x = infinity, R = 473. 

Cones 2*5 cm. high. Mean thickness per flame, 3*6 cm. 

Number of Flames ... 1 2 3 4 

Radiation Observed ... 72 122 165 197 

Radiation Calculated ... 66 120 166 201 

Formula B = 373 (1~€ 

Limit R/fl? when ii? s=ss o, = 373x0*0541 « 20*2 per cm. thickness. 
Limit of B when x ^ infinity, B =5s 373,- 
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The observed and calculated values agree as closely as could be 
expected with the exponential law of absorption, which is fairly appro- 
priate in this case, since the radiation emitted is necessarily of the 
same quality as that absorbed and the flame is nearly homogepdus. 
An apparent confirmation of the formula is that the coefficient of aosorp- 
tion is practically the same, namely 0*054 for the two flames. The limit 
of E/oJ, when a:=0, which gives the intrinsic radiance per cm, of 
flame corrected for absorption, is higher for the case of complete com- 
bustion because the temperature of the flame is higher. The limit of 
radiance for an infinite thickness of flame is higher in the same propor- 
tion. The radiation observed for a single flame in case (2) is rather 
larger than that calculated, because the thickness of a single flame was 
slightly greater than the mean of several flames in contact. It will 
be observed that the flame is surprisingly transparent to its own radia- 
tion, It is very commonly assumed that, because a flame absorbs 
precisely those radiations whicli it emits, and absorbs them in the same 
proportion as it emits them, the flame w^ould, therefore, be practically 
opaque to its own radiation, so that the radiation proceeding from the 
interior of a mass of homogeneous flame might be neglected, and the 
total radiation assumed proportional to the surface. The above observa- 
tions show that this is very far from being the case, owing to the 
relatively wide separation of the radiating and absorbing molecules. 


Effect of Temperature and Pressure, 

The eSect of temperature and pressure on the intrinsic radiance of 
a flame of this kind can be theoretically predicted with a reasonable 
degree of probability, but it would he difficult to determine either experi- 
mentally. Within moderate limits of pressure, the radiating and 
absorbing powers of a flame per unit thickncs.s at a given temperature 
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and composiLion should both vary directly as the pressure or density. 
The value of the radiation from a layer of thickness 1 cm. at a pressure 
of 10 atirios, would be the same as that from a layer of 10 cm. at 
1 atrno., assuming that the quality of the radiation or the nature of 
the combusLion were not altered by the pressure. This effect is repre- 
sented by increasing ib,e absorption coefficient in proportion to the 
pressure, leaving the limil for InfiiiUe Lhichness unaltered. 

The effect ol temperature is more difficult to estimate because the 
radiation from a flame is very complicated and there is no means of 
accurately measuring the temperature. Nernst,^ from observations 
by others on the cooling of an explosive gas mixture, maximum 
pressure about 6 atmos., allowing for convection and conduc- 
tion, finds the radiation to vary as the fourth power of the 
temperature. The method very uncertain, and his conclusion was 
most severely criticised by Lummer, Bringsheim, ‘and Schaefer, who 
explained that the radiation was quite different from that of a black 
body, and that the quality of the radiation was little, if at all, affected 
by pressure up to 4 atmos. 

The principal maxima of emission and absorption in the Bunsen 
flame spectrum are at 2*8 [i and 4*4 /x. Taking a mean wave-length 
of 3*6 jx, it is easy to estimate how the intensity should vary with 
temperature by assuming Planck’s equation. The following table gives 
approximate relative values for comparison with the fourth-power law 
of the Stefan for the radiation of a black body ; — 

Absolute Tomperature # . • 1000*^ 3500® 2000® 2500® 3000® 

Badiation, Planck , . . . 0*016 0*059 0*142 0*233 0*331 

,, Stefan . . . • 0*009 0*045 0*142 , 0*347 0*721 

The rate of variation, according to Planck’s formula for a single 
wave-length, is much slower than the fourth-power law, and tends in 
the limit to be directly proportional to the absolute temperature at high 
temperatures. The actual rate of variation should lie between these 
limit's, but nearer to Planck, unless carbon begins io separate in rich 
mixtures at high iemperalures , 

Effect of Radiation Loss on the Thermal Efficiency, 

Although it is not possible to calculate the absolute magnitude of 
thc 3 rndiui.ion-loss in a motor, or to deduce from it the relative loss 
of thermal efficiency, it is not difficult to see in what manner this 
loss should vary with flame temperature and with linear dimensions of 
the cylinder. We may assume for this purpose that the cylinder at 
the moment of maximum pressure is filled with practically homogeneous 
flame and that the walls are practically non-reflecting. Por similar 
motors under similar conditions the heat-loss per explosion will vary 
as the product ES of the intrinsic radiance E and the surface S. The 
percentage heat-loss should vary as ES/V, where V is the volume of 
the cylinder. This will vary as E/D, wlxere D is the diameter, for 
similar motors. Assuming a pressure of 20 atmos. in a cylinder of 
^ Free, Inst, Avf, pp. 457-4C8* 
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2 inches or 5 cm. diameter, the equivalent thickness of flame at 
i atmo. is 100 cm., and the intrinsic radiance for a flame of thi«^ 
thickness has already reached within less than half per centi of its luuit 4 
for an infinite thickness. The percentage loss due^ to radiation per 
stroke will, therefore, vary inversely as the diameter in similar motors, 
since B will be practically independent of the dimensions in all oases 
which occur in practice. Since the rate of loss due to radiation 
diminishes very rapidly with the time, the effect of vilriation in speed 
on the radiation loss may be appropriately represented by a factor of 
the type (A + B/n), where n is the speed in revolutions per minute, 
as suggested in my paper already quoted at the beginning of the note. 
From the rapidity of the radiation-loss during ignition it is clear that 
the A term will be of considerable importance and will affect the com- 
parison of similar motors of different sizes when running at the same 
piston-speed (n inversely as D) in the manner explained in my paper. 

I was convinced on general principles that this would turn out to bo 
the case, but without actually measuring the absorption coeffioiont it 
was not possible to assert definitely that E would be practically indepen- 
dent of the dimensions. 

The variation of the coefficients A and B with flame temperature 
will be proportional to E, and will be of the nature already indicated. 
This is corroborated by my analysis of Dr. Watson’s observations in 
a contribution to the discussion on his paper. ^ 

Absolute Value of Intrinsic Badiance. 

The absolute value of the intrinsic radiance of these flames was 
determined by comparison with the radiation of a black body with the 
same pyrometer. The black body temperature for six flames with full 
air-supply, giving a deflection of 282 scale divisions with the galvano* 
meter, was '679^ 0. or 952^ absolute, for a thickness of 16*8 cm, 
This means that the intrinsic radiance of such a layer of flame is the 
same as that of a black body at 679^ 0, 

Assuming the radiation from a black body at a temperature 0 Abs, 
to vary as E 6 where E is the raditition constant, and has ilm value 
5‘32 X 10“^ ergs per sq. cm. per sec., or 1*273 x 10 gm. cals, per S((, 
cm, per sec. , the radiation from a black body at 952° Abs, or 079° 0. 
would be 63 cals, per sq. cm. per min. 

The limiting value of the intrinsic radiance for infinite thickness 
would be 105 cals. ]:)er sq. cm. per min. in case No. (1) with full air- 
supply, and 83 cals, per sq. cm. in case No. (2) cones 2*5 cm. 
high. These values would correspond approximately with the initial rates 
of loss of heat by radiation per sq. cm. of surface in a gas-engine cylinder 
filled with similar flames at corresponding temperatures. The higher 
value gives a loss of 176 cal. per sq. cm. in the first tenth of a second, 
Profespr liopkinson’s experiments with a bolometer placed outside an 
explosion vessel, in which the flame temperature was certainly a good 
deal higher, give 0*315 cal. per sq. cm. lost in the first tenth 

Hys. Znt,, 5, 1904, pp. 777-780, 



OJT GASBs VISIONS. 


221 


of a sfecDnd after ignition commenced, cal. in the first tenth 
after maximum pressure. These are ^ of the same order 
of magnitude, and differ in the right direcui the value deduced 
above. They may be regarded as confirmx validity of both 
methods of estimating the absolute value of the i loss. 

In applying these results to an internal- coinbugine, it must 
be remembered that the radiation is not in fact stftipgeneous. 

There are considerable variations of temperature, \f§ct the 
quality of the radiation. It appears probable that lurharbon, 
giving a continuous spectrum, may separate in rich mixture»}ly 
if not perfectly uniform. These variations would tend to ih^,, 
effective transparency of the flame, and the increase of radiatilx 
with dimensions. Further investigation will, doubtless, elucidate iX 
points. But, in so far as the flame tends to absorb its own radiatiK 
selectively, the theory above sketched may serve a useful purpose as ^ 
first approximation. 


APPENDIX B. 

Otj Radiation in a Gaseous Explosion. By B. Hopkinson* 

In the First Eeport of the British Association Committee on 
Gaseous Explosions attention was drawn to the probable importance 
of radiation in determining the rate of cooling of the mass of hot gas 
produced by igniting an inflammable mixture in a closed vessel. In 
the Second Eeport reference was made to some experiments which I 
had made on the effect of coating the walls of the explosion vessel with 
bright tin-foil. It was found that if a mixture of coal-gas and air of 
given composition were exploded in a vessel thus lined tlie maximum 
pressure reached was the same within one per cent, as that given by an 
identical mixture when the tin-foil lining was blackened, but the rate 
of cooling was decidedly less. An experiment was also described in 
which an attempt was made to measure the actual heat absorption of 
the walls and the radiation by means of a bolometer of copper strip, 
whose temperature was recorded photographically during the progress 
of the explosion and of cooling, the strip being in different experiments 
blackened, polished, and placed behind a gas-tight screen of rock salt. 
A considerable difference was found between the blackened and polished 
surfaces in respect of heat absorption, and this difference was of the 
same order as the heat absorbed by the bolometer behind the rock-salt 
screen. The results were strong evidence that the effect of the tin-foil 
lining on the rate of cooling was due to radiation, and gave an indication 
of its order of magnitude ; but, as tin-foil is not a very good reflector, and 
as the rock-salt plate was destroyed by the explosion so that only a 
single experiment with it was possible, I have thought it desirable to do 
some, further work in the same direction. 

I have accordingly had prepared a cylindrical cast-iron explosion 
vessel 30 cm. long by 30 cm. diameter, the whole of the interior 
surface of which is plated with silver, and I have compared the 
1910, ‘ Q 
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,dntaining 15 per cent, of Oambridgo 
results of exploding a polished as highly as possible, and second 
coal-gas — first with th^over. Precautions were taken to ensine 
with the surface bimparison experiments should be of identical 
that the mixturessures were recorded in the usual 
composition, ^iciicator, and sometimes with an optical mdSlawr 
times with f^nt being used, however, in each set of comparison 
the same/ig. 4 shows superposed the pressure records obtained 
experi^ indicator in one such comparison. As in the 
hy tfe there is a difference in the rate of cooling, but the dineronoe 
tip'ery much greater — more than twice as great. Further, there 
^oubtedly a difference in mkimum pressure amounting to between 
[' . and three pounds per square inch, which is equivalent to^ about 

^ C in temperature ; or, having regard to the higher volumetric heat 
in the neighbourhood of 2000^ 0., to perhaps 6 per cent, in thermal 
energy. 

Comparing the two records it will be seen that when the walls are re- , 
fleeting the gas takes about 1 J times' as long to reach a temperature of 



1600® 0. as it does when the walls are blackened. The 
given ta the walls in the two cases must be the same, so that?i^^iS|ifi ' 
rate of cooling during this pei-iod in the one case is about |S 

great as it is in the other. This proportion remains fairlj^^^Etaht 
until the temperature has fallen to about 1000® 0*, wlien il slfevs 
sorne tendency to diminish. It was foinicl that the precise state of 
polish of the silver had a great effect on this resxilir— differences in 
polish hardly appreciable to the eye causing a substantial clian^a in the 
rate of cooling. In the diagram shown the surface was pollsluKl by 
means of a feotor-driven buffing wheel with rouge, and washed with 
methylated s|>irit, and then again polished with a leatlier. 

A number of experiments have also been made with a recording 
bolometer of silver strip, which was sometimes polished and sometimes 
blackened. Simultaneous records were taken of the gas-proBSuro and 
of the temperature of the bolometer. Two such records in which the 
pressure curves are identical are shown superposed in fig. 5. The bolo- 
meter was mounted on a linoleum backing, and there is considerable 
loss of heat to this backing, which makes the estimate of the absoluto 
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amount of heat absorbed rather uncertain. Since, however, the curves of 
temperature-rise in the two cases (blackened and polished) are very 
nearly similar, differing only as regards temperature scale, the propor- 
tion of heat lost will be the same in the two cases, and the ratio of heat 
absorption by the blackened and polished surfaces will be nearly equal 
to the ratio of the temperatures. The ratio of the temperatures shown 
in fig. 5 is 0‘75 at the end of 0*25 secs, from ignition, which agrees as 
well as might be expected with the ratio of the rates of cooling deduced 
from the pressure records with blackened and reflecting walls, having 
regard to the great effect of small differences in polish upon the rate of 
cooling. The ratio of the bolometer temperatures increases a little as 
the gas temperature falls, which again agrees with the gradual approxi- 
mation as regards rate of cooling disclosed by the pressure records. 

Some estimate of the heat lost to the backing can be made as 
follows : If the temperature of the surface of a solid be caused to vary 
in a given manner, then the quantity of heat which has passed into it 



Fig. 5 , 

at any time can be calculated by means of the Fourier analysis, provided 
that the product of the thermal conductivity h and the thermal capacity 
c of the solid is known, being for a given temperature variation pro- 
portional to the square root of this product. In the present case the 
solid is the linoleum backing, and the surface temperature is that of the 
silver in contact with it, and is given by the bolometer record. The 
total heat absorbed by the bolometer per square centimetre at any instant 
can therefore be estimated from the bolometer record, subject only to a 
knowledge of s/he which occurs as a multiplier, and thence, assuming 
that the average heat loss over the whole surface is the same as that 
absorbed by the bolometer, the whole Heat given by the gas can be calcu- 
laled. This heat loss can be obtained also from the pressure record by 
deducting from the whole heat of combustion the quantity of heat 
remaining in the gas, whose energy at a temperature of, say, 1000® 0. 
may be considered as known sufficiently nearly for this purpose. The 
value of the factor s/ k c is then chosen as to make the heat obtained 
from the bolometer equal to that deduced from the pressure record. 
Table I., page 224, showing the absolute heat losses has been obtained 
in this way. ^ 
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Table I. 


Time 


0 0 > 
0 10 
0 15 
0 20 
0;W 
0 50 


Temperatures *^0. 

Heat in 
Silver Cals, 
per sq. cm. 


Silver 

Gas 

B. 

: i’- 

B. 

P. 

2150 

15-0 

12*0 

0188 

0142 

1940 

.45*8 

33 *9 

0 530 

0376 

3750 

61*0 

44*1 

0 720 

0 520 

1500 

70*0 

51*7 

0 820 

0*610 

1350 

76*8 

59*0 

0 306 

0*606 

1030 

78*7 

62*5 

0 929 

0 ?o7 


Proportion 

Total 

a =<^2’ 

lost to 
Backing 

Absorption 

SS'g 



~ 



i|u 

B. 

P. 

B, 

P. 

« 1 

0*30 

0 30 

0 245 

O’lsr. 

0*00 

0 50 

0 50 

0795 

0 565 

0*23 

0 70 

0 60 

1*22 

0*88 

0*34 

0*90 

0 88 

1*57 

1*15 

0*42 

1*22 

1*18 

2*01 

1*52 

0*49 

1*70 

1*63 

2*51 

1*94 

0 57 


The difference between the loss to the polished and blackened surfaces 
represents the greater part of the radiation from the gas. Tliere is reason 
to suppose, however, that it does not represent the whole, because it is 



probable that at an early stage in the cooling with the polished walls 
the bright surface of the silver is dimmed by a deposit of moistum,’^ 
finally, a series of records have been taken with a bolometer placed 
outside the explosion vessel altogether, but exposed to the radiation of 
the flame through a window of fluorite (fig. 7). This bolometer was 
of platinum blackened with lamp-black, and the records were taken in 
exactly the same way as in the other cases. A facsimile of one such 
record is given in fig. 6, and -ihe Table IT. shows the uniounis of 
heat absorbed by this bolometer at different times, 


Tablk IL 


Time from 
Ignition 

[ Temperatures 

Heat in 

Btms by 
Eadiation, 
Sia, 

9’ntal 

Heat 

absorbed »« 
percentafc 
of heat (S 

I 

Gas 

i Platinum 

Platinum 
Cals, per 

Absorbed, 
Cals, sq, 


sc|, cm. 


cm. 

combustion 

0*05 

! 2090 

13*0 

0*11 


0*11 

3 

0*1 

1870 

39*6 

0*315 


0*315 

8*5 

0*15 

1690 

57*4 

0*46 


0*46 

12*5 

0*20 

1510 

70*3 

0*67 


0*57 

15*5 

0*3 

1290 

84*2 

0*675 

0*025 

0*70 

19 , 

U 

nio 

91*7 

0-735 

0*035 

0*77 

21 

0*5 

980 

96*4 

0*770 

0 05 

0*82 

22 


^ The posmble importance of such a deposit was suggested to mo by Mr* W* T, 
David, who carried oht all tho oxporimoats described in this note* 
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riiere C{i.nooii be any question that the whole of the heat recorded by 
this platinum bolometer is radiated heat, and I do not think that there 
is much doubt that, subject to any reflection from the surface of the 
platinum (which has not been allowed for), the above figures represent 
the amount of radiation coming through the fluorite window* Fluorite 
is said to absorb about 5 per cent, of the radiation falling upon it, but 
no allowance has been made for this. It will be seen that the radiation 



boro recorded exceeds by about 50 per cent. cUe difference between the 
heat absorption with the blackened and polished surfaces. When a 
plate of glass is substituted for the fluorite plate the heat absorbed by 
the bolometer is reduced to about one-ihird of the above amounts, and 
it the platinum surface is polished instead of blackened, the heat recorded 
iH only 20 per cent. The latter figure agrees fairly well with the result 
given by Hagen and Eubens for the reflecting power of polished 
platinum.^ 


APPENDIX C. 

Abstracts from various Papers relating to the Application of Heat Radiation 
from Luminous Flames to Siemens' Regenerating Furnaces. 

In September 1884 Mr. Fr. Siemens read a paper before ibe 
Iron and Steel Institute in wliicli ho described the application of radiant 

1 if. fllr Imtr. Kmide, 2!3, p. 52 (1002), * 
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heat derived from luminous flames to such purposes as glass ovens and 
steel furnaces. The greater part of the paper was devoted to practical 
considerations, but in the discussion which followed he expressed his 
views as to the theory of the action, and siiated tliat', in order to obtain 
the best results, fiom the heat elhciericy point of view, the operation 
should be divided into two parts, lu the first part cliernical combina- 
tion took place, the flame was luminous, and the beat sboulcl b(‘ 
abstracted by radiation only. In order that the radiant heat might bo 
a maximum, there should be a larger space so that perfect conibusiion 
could take place without the gases coming into contact with any 
solid substance; this space was the furnace proper. In the second 
part there was no combustion, the flame was non-luminous, and the 
heat should be abstracted from it by’ contact, as was done in the 
regenerative part of the furnace. 

Siemens ascribed the radiant heat of tlio luminous flame to the 
incandescent particles of carbon, and said that, since flame h trans- 
parent to its own radiation, not only does the surface of the flame 
radiate, but also its interior ; hence a flame radiates far better than a 
solid substance. ' A solid surface radiates only fron) its outer surfuce, 
and from that surface only towards one ^ direction, wliile flame rudiate.tl 
from every point within it, and on its surface in every direction, or 
from every point of its entire volume towards every direction. ^ If the 
$rea of a solid substance were doubled it would only radiate twice as 
much, but if the surface .of a (geometrically smaller) flame be doubled 
the radiation would be four times as much. 

He specially called attention to the advantage of this method of 
heating by referring to the experience obtained witli glass pot furnaces 
in Dresden and in Bohemia to which the new method of heating had 
been applied. There were great gains in every direction : 50 per cent, 
more glass for the same expenditure of heat, less breakage of pots, 
the furnace lasted six times longer, and higher'’ temperatures were 
obtained, so that open pots could be used instead of closed ones. The 
glass was produced from cheaper materials and was of Buperior quality. 

The statements made in the above paper wore severely criticised by 
German engineers, and therefore on October 26, 1884, Mi\ Fr. Siernejm 
read a paper at a meeting of t he ‘ Sachsischon Ingc^nieur und Arebitc^kteu 
Verein ' entitled, * Oasfliunmoten rait freier Flaiiunen-Knitiiliung/ 
which was published in the * Oivilingenieur, ’ 1884, and was prac- 
tically a repetition of Ills previous paper. 

In October 1886 Mr. Fi\ Siemens road another paper before the 
Iron and Steel Institute, entitled * Combustion with Special Eeferanca 
to Practical Eequirements.* He confirmed what ho had previously 
stated, and added some remarks on dissociation, pointing out that if 
flame came into contact with heated surfaces there was a tendency 
to condense 'one or other of the constituents,* and that, therefore, 
dissociation could take place at comparatively low temperatures ; hence 
dissociation experiments should be carried out in large open spaces. 
He also^remarked that the Bunsen flame, being non-luminous, had but 
little radiating power, 

* This is not trno unless possibly when the surface is perfectly polished, 
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In 1886 Fr, Sieineas read a paper — published in the ‘ Zeitsclirift 
des Oesfcerreicluschen Ingeioieiir und Architekten Vereins/ 1886 — 
ent.itled * Die Bntwickelnng der Begenerativ-Oefen, ' in which he further 
confinuod his previous siaioiiients. In this communication he stated 
that the radiating (.effect oC lurtuiious llarnes had been originally put 
into operation at his Dresden glass works in 3877 and in his Bohemian 
g]{i,ss works ill 1878, but the results were not published for commercial 
reasons, 

M’r. Jeremiah Head read a paper on the Siemens’ glass ovens before 
the British Association (Section G) at the Birmingham meeting in 1886. 
He pointed out that with direct heating the furnace must be small, 
wliereas with radiant heating the furnace can, and must be, large. 
Ho stated that in these large spaces dissociation did not take place, 
although the temperatures were very high. 

Mr. Fr, Siemens published another paper in the ‘ Oivilingenieur ’ in 
1886, entitled * Die Verliutung des Schornsteinrauches,’ in which he 
stated that the higliest temperatures were observed where the flame 
did not come into contact with the furnace walls. Hence the highest 
temperature must be due to radiant heat. He again remarked that 
the surlfices in contact with flame not only hindered combustion, but 
promoted dissociation. 

Gustav Westmann published a scientific inquiry into the ' Siemens ’ 
method of glass heating in a paper, entitled * Siemens’ Frcier Flam- 
menentfaltimg, ' read before the ^ Verhandlungen des Vereins zur 
Beforderung des Qewerbfleiss^^s/ 1886. An experiment on a largo 
scale, lasting 2i hours, was, made with a glass furnace, in which 25 tons 
of glass were melted by the gasification of fiTe tons of coal and five tons 
of lignite. Full particulars of all the measurements are given, and it is 
shown that the thermal efficiency was 41*9 per cent, and the tempera- 
ture 1200"^ 0. 


Exmmiiom on Roman Sites in Britain, — Report of the Committee, 
emsisting of Professor J. L. Myres (Chairman), Professor E, 0. 
Bobanqubt (Secretary), Dr. T. Ashby, and Professor W. KinaB- 
WAY, appointed to co-operate with Local Committees in Excavations 
on R^man Sites in Britain, 

Thk Oommittee have placed the grant of 51. , made at Winnipeg in 1909, 
at the disposal of the Ijiverpool Committee for Excavation and Ee- 
search in Wales and the Marches, for the study of the remains of 
animals and plants found in the recent excavations on Eoman sites at 
Oaersws in Montgomeryshire, and at Carnarvon. The investigation is 
xiot yet completed, and the report of its I’esults must be held over until 
1911. 

The Committee ask to be reappointed, with a further grant. 
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ATchcBological and Ethnological Researches in Crete, — Interim Report of 
the Committee, consisting 0 / Mr. D. G. Hogarth {Chairman), 
Professor J. L. Myres (Secretary), Professor E. C. Bosanquet, 
Dr. W. L. H. Duckworth, Dr. A. J. Evans, Professor A. 
Macalister, Professor W. Eidgeway, and Dr. F. C. Shrubsall. 
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The Committee have to express their regret that Mr. C. H, Hawes has 
been prevented by other engagements from carrying out the further 
programme of work which was foreshadowed in the Committee's report 
last year. He has, however, made some progress in analysing the 
observations which he made during his visit to Crete in 1909 (Appen- 
s dix I.), and hopes to be able to submit the remainder of his conclusions 
to the Committee without much further delay. The Committee, there- 
fore, ask to he reappointed with a further grant. 

The Committee Have received this year a further report from Dr. 
W. L. H. Duckworth on some of the observations made by him during 
his journeys in Crete. in the year 1903, with comparisons suggested by 
subsequent journeys in the south of Aragon in Spain. This Eeport, 
which forms Appendix II., is an expansion of Section (ii.) of, his Special 
Eeport (b) presented to the Cretan Committee of the British Associa- 
tion in 1903 and published in ‘ Brit. Assoc. Eeport,’ 1903 (Southport), 
p. 409. 


APPENDIX I. 

A Eeport on Cretan Anfliropometry, By Charles H. Hawes, 

Since the completion of my last year's expedition to Crete the tabula- 
tion and collation of the statistics gathered in 1905 and 1909 have made 
considerable progress, though not yet complete. Plere I deal with 
the chief measurements only, and those the usual ones, leaving aside 
for later report the results of a study of the 1,700 sagittal contours 
of living subjects. 

The total number of living persons measured in the two campaigns 
of 1905 and 1909, together with 199 measured by Dr. Duckworth in 
1903, amounts to 3,183. From these must be deducted foreigners, 
Eussians, French, Italians, Armenians, Greeks, Epirots, Albanians, 
Mg&m and Ionian Islanders, and Cretan women and children. A 
further expurgation has been made in order to simplify, even in the 
slightest degree, a complex pi’oblem. The further omissions comprise 
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Cretan Mussulmans (who, it is true, possess but little Turkish blood) 
and orthodox Cretans either of whose parents or grandparents hail 
from outside the island, however near. 

This reduces our total figure, which is the basis of the comparisons 
made in this paper, to 2,290. 

The interest in Cretan ethnology lies not only in the present distri- 
bution of types and their external connections, but in their contrast 
with the prehistoric inhabitants, the builders and artificers of Knossos, 
Phaestos, Gournia, Palaikastro, &c. 

STcull Measurements, 

It will be remembered that Dr. Duckworth's examination in 1903 
of skulls from Palaikastro (Eastern Crete) showed tliat the men of 
ancient Crete of the so-called Middle Minoan Period were dolicho- 
cophals, with a small minority of brachycephals. The women were even 
more dolichocephalic, and the long heads among them in greater 
proportion than among the men; but, as I shall confine myself to male 
adults in this paper, I use Dr. Duckworth's figures for men only. 


Sixty -four Cretan Males. 


Cranial index (average) . 73*4 

„ (distribution) dolicbooepbalio . . .65*3 per cent. 

„ bracbyoepbabo . . . 8*55 „ 

„ , mesaticepbalio , . . 26*15 „ 

Stature (estimated) . . ... . . . 1,625 mm. 


Since 1903 further ancient Cretan cranial and skeletal remains have 
passed through my hands, including twenty skulls. By the kindness 
of Miss Edith Hall the lengths and breadths of five more crania, found 
this year by Mr. Seager, have recently been communicated to me. 
These twenty-five skulls, although limited in provenance to the eastern 
half of Crete, hail from a wider area than the previous sixty-four, 
namely, from Knossos, Meskinid, Koumasa, Gournia, as well as 
Palaikastro. Thirteen of them belong to an equally early period, but 
yield a rather higher average cranial index — 75*5 as compared with 73*4' 
— and include among them two brachycephals. The remaining twelve 
show an increasing breadth, agreeing with the archseological evidence 
for the inroad of invaders. Five skulls from Gournid, belonging to 
the beginning of the Late Minoan Period, have a mean cranial index 
of 76*5, and seven from various sites, belonging to the end of this 
period ^.M. III. after the fall of linossos), average 79*1, and include 
no dolichocephals, bub three mesocephals and four brachycephals. 

It would be more satisfactory to have had a broader foundation, 
both geographical and numerical, on which to base our knowledge of 
the physical type of the Minoans; but the evidence of 100 crania 
(64 male 4- 13 male + 23 female) from the eastern half of the island, 
dating back to the beginning of the second millennium b.c., is not to 
be despised, These are the grounds for assuming the Minoans to have 
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been dolichocephalic, with a mean cranial index of about 74*0. Along- 
side of a majority of 60 per cent. long-heads dwelt a minority of about 
10 per cent, broad-heads. In stature they were short, scarcely 
5 feet 4 inches. This estimate of Dr. Duckworth was confirmed by 
further measurements made by me last year. This, it is to be^ re- 
membered, was the condition of things before the prehistoric invasions 
associated with' the names of the ‘ AcEseans * and * Dorians. ’ 

How do the ancient compare with the modern inhabitants of Crete? 
Have they changed physically, and how are we to account for the 
change? Before contrasting the above data with the measurements 
of 2,290 living male Cretans a word of warning is necessaiy. _ We 
are comparing the cephalic index of the living with the cranial index 
of the dead. Assuming a diherence of two integers, we shall credit 
the Minoans with a cephalic index of 76 in place of the cranial index 
of 74. The modern Cretan has an average cephalic index of 79*0. He 
is mesaticephalic rather than dolichocephalic, though by no means so 
broad-headed as the Greek of the mainland, whose mean is about 82*0. 
.The distribution to-day is as follows: — ^ 

Dolichocephals (76*9 and below) 29*6 per cent. 

Braohyeephals (82*1 and above) 24*0 „ 

Mesatieepbals (77*0^82*0 inclusive) .... 46*4 „ 

The increase of the braohyeephals and the mesatieepbals at the expense' 
of the dolichocephals since the beginning of the Late Minoan Period is 
here evident. 

While the statistical work is as yet under way it is too early to 
offer a solution of this complex problem, the cause of the physical 
change in the Cretan people during the last 4,000 years. When we 
remember that the island has been subject to several invasions, from pre- 
historic times down to the seventeenth century, the question is certainly 
an involved one. I will say here that, in order to do away as much as 
possible with the effects of the .last invasion, that of the Turks, I have 
excluded all Mussulmans from my figures, although there seems not 
to be much trace of Turkish blood in the majority of the Cretans who 
profess Islam, Here and there 1 believe I have traced an individual 
of Yenetian descent; but, having sought Venetians eagerly wherever 
name or legend suggested, with but little success, and having regard to 
the wholesale eviction of them at the end of the sieges, I think that 
they are a negligible quantity in a general survey like the present. If 
this is true of the Turkish and Venetian invasions, it is much more true 
o! the Saracenic influence, which was spasmodic and ephemeral. In 
, fact, unless we are to call in other causes than t'he mixture of i*acea 
for the broadening of the head, the prevalence of the braohyeephals ajcid 
great mixture of the brachycephalic and the dolichocephalic elements 
to-day seem to me to call for a considerable prehistoric invasion of 
bro^-]heads. 

, distribution of types may help us to some clear conception and 

, to undsrsland some suggestions which I put forward with some diffi- 
(fence al this early hour. 
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It will be necessary to bear in mind the geographical outline of the 
island. About 160 miles long (due E, and W.), it varies from 35 to 8 
miles wide (N. and S.). A chain or backbone of mountains runs 
throughout its length, broken into three chief massifs — the White Moun- 
iains (8,000 feet) in the west, Mount Ida (8,000 feet) in the centre, 
and Mount Dicte (6,000 feet) in the east. In the extreme east, beyond 
the Isthmus of Hierdpetra, lies the upland plain of Sitia, c. 2,000 
feet in height. At the widest part of the island, to the south, is the 
largest plain of Crete, the Messara, which, running westward to the 
* gateway * of Phaestos, is shut oil from the Libyan Sea by a wall of 
mountains ranging from 2,500 to 4,000 feet high (Mount Kophinas). 

Administratively the island is divided into twenty ' eparchies,’ and 
for many reasons this division has proved the most convenient for a 
starting-point in anthropometric work. The central ej^archies have 
average cephalic indices of 78 and 79 ; one only, Lasithi, has a dolicho- 
cephalic average of 76'5. Both eastern and western eparchies show an 
increased breadth — Sdlino 80*9 and Sphdkia 80*4 in the south-\vest 
corner, and Sitia 80*9 in the extreme east. 

The percentages of dolichocephalic and brachycephalic individuals 
are in accord with these differences in averages : — 

Central . , 36*0 per cent, dolichocephals, 17*5 per cent, brachycephals 

Lasitlu •' . 64*6 ,, 99 6*1 99 99 

S41ino . . 13*3 „ „ 39*7 „ 

Sitia • . 16*4 ,, 9f 38*1 « 

The mesaticephals account for the rest. , Although we have an identical 
mean cephalic index of 80*9 in the extreme west and east, these peoples 
differ not only in stature but in -actual head-forni, for the Sitlans have 
short heads and the S^linots broad heads. In fact, the latter are the 
broadest-headed on the island, and the Sitlans barely escape being the 
narrowest-headed, although their heads are the shortest. It is possible 
that we have to deal with an invasion of Northern brachycephals (ulti- 
mately of tile tall Illyric stock) into the west, and another in the east 
of Asiatic brachycephals from the uplands of Asia Minor. 

If the dolichocephal once possessed the land, and the brachycephal 
was, in the main, an invader, we might expect to fmd the original 
inhabitants diiven up into the mountains ; and this is the case. But this 
general statement requires some modification. It would be nearer the 
truth to say that the dolichocephal is not absent from the plains but 
predominates in the mountains. The homes of the long-heads are on 
the slopes of the mountain massifs — the White Mountains, Mount Ida, 
and Mount Dicte — as also in the range which shuts ofi the rich MessaiA 
Plain from the Libyan Sea. Of these, the best example is Mount Dicte, 
the ‘ birthplace of Zeus,’ where, before the Northern god came to the 
island with his broad-headed contingent, the Cretan Ehea was wor- 
shipped. Here in the mountain-plain of Lasithi, 2,700 feet above the 
sea, shut in on all sides by towering summits, and only to be reached 
by toilsome tracks from the plains below, is a true dolichocephalic 
centre with a cephalic mean of 76*5. The long-heads outnumber the 
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broad-Iieads by nine to one, more than even among the 64 ancient 
skulls examined by Dr. Duckworth. This is a irue ccnire, for we find 
tiiis dolichocephalic element radiating in all directions into the neigh- 
bouring eparchies of Pedhiadha, Mirabello, Hierdpetra, and Vidnnos. 

The other mountain massifs are not true centres ; for, although the 
dolichocephais are most numerous, the mountains, towering up 8,000 
feet, form a barrier to the south, and the long-heads cluster on the 
northern slopes only. This is true of the White Mountains, where in 
one village alone of Upper Kydhonia, Lakkofis, the home of the late 
Dr. Janndris, the 65 men I measured averaged 76’9, against 79*9 in 
the plains of the same eparchy. The other mountain massif, Mount 
Ida, plays a similar part, and on the northern side, in the upper portion 
of Mylopbtamo, my I’ecords show 83 subjects averaging 76*6. The 
mountains to the south of the Messard Plain, though not so lofty, slope 
steeply to the sCa, and being shut ofi from the main centres, offer a 
most undesirable region for any invader to occupy In' a hostile country. 
The region is sparsely populated, and the 28 subjects measured in that 
part which falls %vithin the eparchy of Monophd,tsion average 76*9, 
compared with 80*9 in the Messard Plain immediately below. 

These four mountainous regions appear to he the strongholds to 
which the earlier inhabitants have been driven by successive invaders, 
and strong confirmation of this hypothesis comes from the method by 
which I arrived at it. A map of the cephalic index eparchy by eparchy 
offered no clue. A suspicion of differences between mountain and plain 
suggested the cleavage line of 1,000 feet altitude as a criterion of classifi- 
cation, but this failed in some cases, though successful in others. It 
was arbitrary and did nofc always serve as a register of accessibility. It 
then occun’ed to me that in a land of such marked physiographical 
features as Crete, Achseans, Dorians, Venetians, all had probably fol- 
lowed much the same routes as the Turks in the seventeenth century. I 
therefore made a map of the Turkish occupation of the island according 
to the, census of 1881", before the latter-day exodus. This showed that 
from centres on the north coast of the island — Oanea, Eethymo, Oandia, 
and Sitia — ^the lines of immigration radiated southward, stopping short 
at the foot of the mountains, with but one exception, to which I shall 
refer later. This general truth is particularly well illustrated in the 
many lines of occupation stretching south from Oandia, the greatest 
Turkish centre, which all stop short abruptly at the'foot of the Messard 
Mountains. Three great blank spaces stand out on the map between 
these lines of immigration — ^Mount Dicfce with the fringes of the neigh- 
bouring eparchies, the northern slopes of Mount Ida, and both northern 
and southern sides of the White Mountains. These blank areas are 
those which we have already found occupied by the predominant dolicho- 
cephal, with one notable exception, the southern slopes of the White 
Mountains. This region, where the Turks have never yet held sway, 
this eparchy of Splidkia, where the Sphakiots have successfully repulsed 
Turk and Venetian alike, and, isolated in a sterile, rocky home, proudly 
claim Dorian descent, is the one outstanding exception to the rule that 
the mountains , are the refuge of the dolichocephais.. I believe this 
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significant exception, when fuliy understood, will prove extremely 
instructive in the study of prehistoric migrations. 

The Dorian migration into Crete has historical authority, and it is 
probable enough, apart from the anthopological evidence, that a stream 
of these people reached this south-western part of the island, since ships 
driven by a strong wind southward would find it dangerous to land on 
the northern coast, as archaeologists know to their cost. There is no 
harbour on the south coast to compare with Loutro, the port of Sphakia, 
where St. Paul’s companions advised wintering; it possesses a double 
harbour and gives shelter not only from the north-west and north-east, 
but also from the south-west winds. Modern travellers commonly 
report the absence of ports on the south coast of Crete, unaware that 
native Sphdkiot ships ply to Odessa with their great cheeses, hides, and 
charcoal, and that Sphdkiot vessels were reported in the Black Sea 
during the Venetian occupation of the island, and at Constanza in 1821 . 
To-day there are more harbour-men employed at Sphdkia City and its 
port, Loutro, than in any other Cretan towns, excepting Canea, Candia, 
and Rethymo. Immigrants landing at Loutro had no choice but to settle 
on the soulheim slopes of the White Mountains, sterile, and therefore 
sparsely inhabited, where to-day we find a majority of broad-heads. 

I referred above to one exception to the rule that Turkish occupation 
stopped short at the foot of the mountains. This example is found on 
the southern slopes of Mount Ida. The longest line of communicatioiis , 
of the Turkish occupation was the one which, leaving Candia, passed 
along the eastern slopes of Mount Ida, swung I'ound to the south vid 
that ancient shrine of the Minoans, Kumdres, and, doubling the southern 
slopes of the mountain, crossed by a rich valley the epjarcliy of Amdrion, 
and ended in the northern port of EefHymo. The northern slope of 
Mount Ida is a stronghold of the old race ; the southern is not, because 
it was crossed by a high-road of immigration from one base to another. 

In all this I would not be misunderstood. I do not attribute the 
brachycephalic increase to the Turks, but, taking them as guides, I 
have attempted to show how similar and earlier lines of settlement and 
communication, pursued by numerous invaders, all broad-headed, with 
the exception of the. Saracens, would account for the present hedging in 
of the dolichocephalic element. 

Before I pass to comparisons of stature let me add some evidence 
from modern skulls. In the garden of the famous monastery of Arkadhi, 
besieged by the Turks in 1866, is a memorial tower, the bottom oi 
which is filled with some hundreds of skulls of fallen heroes of the 
revolutions of 1821 and 1866. Dropping through the floor into the 
gruesome depths below, I selected 26 crania, which, on examination, 
yielded an average cranial index of 74’2. OE these, 54 per cent, were 
dolichocephalic, and only 12 per cent, brachycephalic. These figures 
are almost identical with those of the Minoan skulls. Arkadhi is on 
the north-wktern slopes of Mount .Ida, a few miles from the Mylo- 
p6tamo border. Although not all the fighters came from the imme- 
diate neighbourhood, yet they probably hailed in the main from the 
mountains. 
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Stature. 

The avez'age stature of Cretans to-day is 1,685 mm. (5 feet 
inches), a considerable increase on the estimated stature of the 
ancient Cretans, which was 1,625 mm. (5 feet 4 inches). In the west 
the averages are: For the eparchies of Kydhonia 1,723 mm. (5 feet 
7f inches) and Sphakia 1,711 mm. (5 feet 7J inches), diminishing in 
the east to Mirabello, 1,664 mm. (5 feet 5.J' inches), and Hierdpetra, 
1,665 mm. The statistics of statee mapped out by eparchies, or 
according to cephalic index, or by mountain and plain, present only a 
seeming confusion, with but one obvious trend, an increase in stature 
as we journey westward. Yet I think it is possible to distinguish some 
significant facts amid this apparent confusion. 

The first is that the people in the plains are, with some exceptions, 
shorter than those in the mountains. 

The second is that the long-head is taller than the broad-head in 
15 out of 20 eparchies, and as the mouiilain villages yield a majority of 
dolichocephals — descendants of the original inhabitants of Crete, as I 
hope to have established — ^it seems that they have increased in stature 
at a higher altitude. When we remember that the Hinoans were a short 
people and dw^elt chiefly on the coast, this upward trend in stature 
and habitat seems to have gone on pari passu. This fact comes out 
more clearly when we turn directly to the mountain areas where we 
have already found the long-heads. In Lasithi, where the cephalic 
index and the proportion of long-heads to broad-heads of the Minoans 
is almost exactly reproduced, the average stature for 99 men is 1,676 
mm., an increase of 51 mm., or 2 inches, on the Minoan average. The 
dolichocephals of Lasithi have an average of 1,686 mm., compared with 
1,646 mm. for the brachycephals. Kydhonia Province, on the northern 
slopes of the White Mountains, has an average of 1,740 mm. for the 
dolichocephals and 1,715 mm. for the brachycephals. This increased 
stature of the modems also holds in the Messard Mountains and Mylo* 
p6tamo on the northern side of Mount Ida, although in this last case it 
is reduced by the inclusion of the poverty-struck villagers of Kamerdki, 
a hamlet unknown to the map, boasting no kapplieneion (cafd), not even 
the pretence of a store, the poorest village that I have come across in 
my wanderings in Crete. Here the average stature of 10 men was 
1,'600 mm. (5 feet 3 inches) only. Another example of the effect of 
poverty on stature is to be found in the island of Gavdos (anc. Clauda)j 
where the average of 20 men was 1,634 mm. (5 feet 4^ inches), com- 
pared with their nearest neighbours and kinsmen^ the Sphdkiots, of 
whom 284 had an average height of 1,711 mm. (5 feet 7-| inches). 

, The third fact, already noted, is that the people of the \vestem half 
of the island are taller than those of the eastern half. Both dolicho- 
cephals and brachycephals are tall, over 1,700 mm. (6 feet 7 inches), 
and the former have a slight advantage. The distribution is here some- 
what peculiar. On the northern side of the mountain are tall long- 
on the southern, tall broad-Eeads; in a neighbouring eparchy 
are short broad-heads alongside tall long-heads. The puzzle is to 
account for the tall long-heads and broad-heads in the west. If there 
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was a Dorian invasion, it appears to Have made its entry on the south 
coast into S41ino, where the brachycepEal outnumbers the dolichocephui 
by three to one, and into Sprakia, where the ratio is three to two, and 
86 out of 284 men are over 1,700 mm. in height. The tall dolicho- 
cephal of the west exceeds the long-head of the east in stature by at 
least 40 mm. A careful comparison of numbers and percentages of 
both tall and short dolichocephals and tall and short brachycephals 
throughout the island reveals an abnormal number of tall dolichocephals 
in Kydhonia and the neighbouring region. In other words, everywhere 
else the ratio of tall long-heads to short long-heads and of tall broadr 
heads to short broad-heads is approximately the same; here the tall 
dolichocephal is to the short dolichocephal as 50 to 1. Is this due to 
differences of soil, fertility, a better-watered country, or to special social 
conditions? After careful consideration I do not think so. The sug- 
gestion has been made that the great stature of Kentucky men is due 
to the bone-building qualities of water in a limestone region; but in 
Crete, speaking generally, it is the east that is a limestone district, while 
the west is composed of talc-schists. 

Nor do I think it necessary to call in an invasion of tall long-heads. 
May not the Kydhonians, whom Homer (Od. xix. 176) mentions as 
one of the peoples inhabiting Crete, have been taller than the Eteocretans 
of the eastern half, whose stature we have established as 1,625 mm. ? 
We know that a branch of the Mediterranean race, called by Dr. 
Deniker the Atlanto-Mediterranean, was of greater stature than the rest. 
The western end of the island is as yet an archaeological blank, well- 
nigh uptil classical times. We have no ancient skulls or bones from 
the west, saving a tiny fragment from a pavilion-shaped tomb belong- 
ing to the end of the Minoan era. 

The records of stature for Kydhonia are striking. One hundred and 
sixty-seven men from the whole of the eparchy average 1,723 mm. 
(5 feet 7f inches); 67 dolichocephals average 1,740 mm. (5 feet 

inches), of whom 25 exceed 6 feet 9 inches in stature. Out of the 
167 persons there is but one short dolichocephal (under 1,650 mm.), 
and in the neighbouring eparchy of S6lino out of 82 there is not even 
one. This tall dolichocephal also exists to the number of 39 out of 
284 persons measured in Sphdkia. It seems much more Ekely, con- 
sidering the isolation, pride of endogamy, and bellicose nature of the 
Sphdkiots, that these tall long-heads are the I’emnants of an earlier 
race rather than intruders since the Sphakiots themselves. 

Turning to Sitia in the extreme east, where a moderate upland 
presents no sharp contrast of mountain and plain, where the brachy- 
cephals outnumber the dolichocephals by nearly five to two — a com- 
plete reversal of the time when the Minoan dolichocephals were to the 
brachycephals as eight to one — ^the increase in stature of the modern 
long-head is not great (1,625 to 1,663), and he is exceeded in stature 
by the intruding Asiatic brachycephal, whose stature is 1,678 mm. 

To sum up, among modern Cretans the dolichocephals are generally 
taller than the brachycephals. The dolichocephals in the mountains 
are taller than their ancestors* the Minoans, who lived by the sea. 
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The e^cceptional tallness in the west of the brachycephals Seeitis to be 
due to an early inroad from the north ; that of the dolichooephals of 
the west may be due to the greater stature of the ancient Kydhonians as 
compared with the Eteocretans of the east. 

Eye-colour. 

There remains a word to say on -the colour of eyes. These records 
are only in course of tabulation; 1 speak, therefore, from a cursory 
perusal. Classing blue, grey, and green eyes together as light, in 
contrast with the hazel, light brown, medium brown, and fonce, I find 
there is a somewhat surprisingly high percentage of light eyes for the 
whole of Crete — ^namely, 29. The percentages vary from 18 in Lasithi 
eparchy to 40 in Sitfa. The distribution oSers no obvious clue. Light 
eyes are about equally divided between east and west, with the highest 
and lowest averages in the eastern half. Kydhonia 34 per cent, and 
Sphdkia 32| per cent, in the west are matched by Pedhiddha 33 per cent, 
and Hierdpetra 34 per cent, in the east. Sdlino, next door to Sphdkia, 
has the low average of 26 per cent., and compares with Mylopdtamo 
25 per cent., which two eparchies form so strong a contest from the 
point of view of the proportion of long-heads to broad-heads. Sdlino 
has three brachycephals to every dolichocephal, and Mylopdtamo has 
three dolichocephals to every brachycephal. 

Speaking of the island as a vrhole, the numbers of light eyes are 
equally divided between the short and the tall, the dolichocephals and 
the brachycephals, in proportion to the number of individuals, so that 
apparently it is impossible to distinguish by percentage of light eyes one 
type from another. However, ethnical differences may lie concealed 
under diverse combinations in different areas, and further study may 
reveal them. I fail to trace, what is generally expected, a greater 
frequency of light eyes in the mountains, but it should be remembered 
that the predominance of the older brunette race in these areas furnishes 
a more than counteracting tendency. This is well illustrated in Lasithi, 
which has the lowest percentage of light eyes (18), as well as the closest 
approximation in head measurements to our records for Minoans. 

My census of 2,000 school-children taken throughout the island, 
whether compared in ioio or by eparchies with adults, shows a sur- 
prisingly diminished average, 18 per cent, instead of 29 per cent. This 
striking difference, obtained from figures carefully gathered and com- 
piled, calls for a radical explanation; but, apart from such, is there here 
a tendency to reversion to type? 

I am only too conscious of the fragmentary condition of this report, 
of the many characteristics and questions of variation which do not 
receive mention ; but the material is gathered, and in the main tabulated, 
and it should be only a matter of time before the observations made 
throw light on questions of migration and descent in the most interesting 
teland of the Mediterranean. 
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In the course of a journey in 1903 from Gandia to Palaikastro, in 
Crete, I had the opportunity of measuring and observing a number of 
school-children (fifty-nine boys and twenty-five girls) at Vori, a small 
village distant about five miles from the southern coast of the island, 
near the traditional site of ‘ Fair-Havens, ’ and about two miles from 
the well-known prehistoric site called Phaestus. Later on, in the 
same year, I supplemented these measurements by the addition of 
twenty more records for schoolboys of corresponding age at Palaikastro, 
or, to be more strictly accurate, at Angathi, the neighbouring village, 
one of the most eastern settlements in Crete. A preliminary report 
was submitted to the Committee in 1903, and published by the British" 
Association in the Southport volume of its Proceedings. In the pre- 
sent report I have worked out the data more fully than was possible 
in 1903, and in this instalment I shall deal principally with the data 
relating to Cretan boys, since they were the more numerous ; moreover, 
comparisons with adult males are more easily made ; and, lastly, it is 
interesting to compare the results with those obtained by me last year 
in the south of Aragon, in Spain, from one hundred schoolboys of 
comparable age. For the publication of the records from Spain I am 
indebted to the Council of the Cambridge Antiquarian Society. 

Little need be said about the conditions of life in Crete and the 
character of the land, for recent writers have dealt sufficiently with 
these questions. I may, however, state that my impressions lead me 
to believe that these conditions are not very different in Crete and in 
Aragon. At the same time I must add that both the Cretan villages 
visited are \vithin the zone of malaria, that I saw undoubted cases of 
the sequels of malaria supervening in childhood, and that this liability, 
v/hich is probably minimal, or absent, in the part of Aragon available for 
comparison, is important in its relation to, and effects upon, physical 
development. In this connection special mention is made of the fact 
that the physique of these Cretan children is frequently, if not univer- 
sally, poor, and often a boy was found to claim an age in years greater 
by about 30 per cent: than that whicu we would have assigned to a 
British boy of similar stature and physical development. The relative 
poorness of the food, both in quantity and quality, taken together wuth 
their unavoidable exposure to extremes of temperature according to 
the season (for the winter is often severe in Crete), contributes to a 
combination of circumstances with which this deficiency in corporeal 
development can be justly charged, 

19 m a. 
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A.— CRETAN SCHOOLBOYS (ages from 5 to 16 years). 

Observations were made under the following heads : — 

I. Colour of the hair , — ^Table I. exhibits the results of the investiga- 
tions carried out : — , , 

Table I. — Number ^ Hair-colour, Eye-colour, and Age: 

Mean Age 9*9 years. 


Sex^enty-nine Cretan Schoolboys at Vori and Palaifcastro 


<0 c 

Hair-colonr 

Eye-colour 


Age 

03 O 

|l 

Hair-coloui‘ 

Eye-colour 


Age 











Vori 





Vori 





1 

Jet black . 

Bark brown 


6 

43 

Brown 

Bark brown 


7 

2 

Fair . 

Bark brown 


8 

43(X 

Brown 

Bark brown 


7 

3 

Brown 

Bark brown 


8 

44 

Bark brown 

V. dk. brown 


9 

4 

Bark . 

Bark brown 


7 

45 

Bark brown 

Hazel. 


8 

5 

Fair . 

Grey . 


$ 

46 

JSlack . . 

Jet black v 


5 

7 

Bark « 

Bark • 


9 

47 

Fair . 

Bark brown 


7 

8 

Black. 

Bark brown 


9 

48 

Bark brown 

Bark brown 


7 

9 

Black. 

Bark brown 


8 

48a 

Fair . 

Bark brown 


7 

10 

Fair . ♦ 

Hazel. 


8 

485 

Very fair 

Hazel. 


8 

11 

Black. » 

Bark brown 


15 

49 

Fair . 

Bark brown 


9 

12 

Brown 

Hazel. 


11 

50 

Fair . . . 

Hazel. 


10 

13 

Fair . 

Grey-green 


7 

51 

Fair . 

Btazel . • 

¥ 

10 

U 

Black. 

Bark brown 


8 

62 

Fair . 

Blue . . 

% 

6 

15 

Bark brown 

Bark brown 


11 

63 

Fair . 

Hazel. ,,|te 
Bark brow 


6 

16 

Brown . 

Bark brown 


11 

54 

Brown 


5 

17 

Black. 

Bark brown 


11 

55 

Bark brown 

Bark brown 


5 

18 

Fair . 

Bark browm 


11 

56 

Fair . 

Green . 


6 

19 

Vair . 

Bark brown 
Grey-green 


10 

10 





20 

Fair . 




, ' %'■■[ ■ 



21 

Fair . 

Grey . . 


10 


' ' ' . T'-?' 


' " 

22 

Fair . 

Bark brown 


12 



' 



23 

!Brown 

Barkbixjwh 


10 

1 

Bark brown 

Bark brown 


8 

24 

Brown 

Hazel. 


16^ 

2 

Jet black . 

Bark brown ' 


10 

25 

Fair . * 

Grey . 


13 

3 

light brown 

Grey . 


7 

26 

Brown 

Hazel. 


13 

4 

Brown 

Light brown 


8 

27 

Bark brown 

Green 


13 

5 

light brown 

Hazel. 4 


9 

28 

Brown 

Bark brown 


10 

6 

Bark brown 

Bark brown 


12 

28a 

Fair . 

Light brown 


12 

7 

Bark brown 

Grey . 


13 

29 

Bark brown 

Bark brown 


12 

8 

Bark brown 

Grey . ' . 


13 

30 

BroTO 

Bark brown 

* 

11 

9 

Bark brown 

Bark brown 


13 

31 

Jet black . 

Medium browTi. 

12 

10 

Light brown 

Grey . 


11 

32 

Bark brown 

Bark browna 


10 

11 

Bark brown 

Bark brown 


11 

33 

Bark brown 

Bark brown 


15 

12 

Jet black . 

Hazel. 


12 

34 

Black. 

Bark brown 


12 

13 

Bark brown 

Hazel. 


13 

35 

Brown 

Bark brown 


13 

14 

Bark brown 

Bark brown 


13 

36 

37 

Bark brown 
Fair , 

Bark brown 
Blue , 


14 

14 

15 

Bark brown 

J Bark brown 
1 Grey (1)* 
Bark brown 


10 

38 

Bark broTO 

Grey . . 


15 

16 

Brown 


13 

39 

Brown 

Bark brown 


6 

17 

Bark brown 

Green 


16 


Bark brown 

Bark brown 


10 

18 

Brown 

Medium brown. 

13 

41 

Fair . * 

Blue . 


6 

19 

Brown 

Bark brown 


10 


Brown 

Bark brown 


7 

20 

j light brown 

Hazel. , 


7 


* JOIHereiit colour in the same individual. 
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The analysis of this table yields the following percentages : — 


Table II. — ’Hair-colour and Age: Percentages. 


Seventy-nine Cretan Schoolboys 

Colour 

No. 

Per 

Cent. 

Mean Age 

Colour 

Per Cent. 

Mean Age 

Vexy fair 

Fair 

Light brovTi. 
Brown . 

Bark brown . 
Bark 

Black . 

Jet black 

Total . . 

1 

21 

4 

18 

22 

2 

1 7 

1 4 

1*26 

26*50 

5*04 

22*68 

27*76 

2*52 

8*82 

5*04 

8 years ' 
9-06 „ . 

8- 5 „ 1 

9- 9 „ J 

11-2 .. 1 

8-0 „ 

9-7 „ 

10-0 „ J 


Light . 

Medium . 

Bark . j 

1 

i 

f 32-80 1 

1 (adults 3-96)* J 
/ 22-68 1 

\ (adults 13-3) . 

[ 44-14 

(adults 83*1) 

. 

8*92 years 

9*9 „ 

10*62 „ 

1 79 

99-62 j 9-9 „ 


* From my observations on adult Cretans, In England a similar progressive 
darkening of the hair is the rule (of. British Assoc. BeporiASSS, Table XI., pp. 278, 279). 


This statement shows that the darker tints of hair coloration are 
preponderant; also that the influence of age in this respect is as dis- 
tinct as in other cases ; and the general rule as to the darkening of the 
hair during the period from childhood to maturity is evidently followed 
in this instance. For, comparison with another instance from Southern 
Europe I give a similar table for 100 school-children at Alhama de 
Aragon in Central Spain, It should be noted that this table difers 
slightly from that published by me in the Proceedings of the Cambridge 
Antiquarian Society (voL xiv.). The table there, published has, been 
i"e vised, and stands as follows; — 


Table III. — Hair-colour of 100 BcliooTboys at Alhama de Aragon,. 


Colour 

Per Cent, 

Mean Age 

Colour 

Per Gent. 

Mean Age 

Very fair . 

Fair .... 
Light brown . 

Medium bro^vn . 

Bark brown , . . ! 

Jet black 

Bed .... 

3 

6 

16 

32 

35 i 
! 7 

1 

7 years 1 
8*6 „ j 

8*31 „ 1 
8-12 „ ; 
8*77 „ I 
9*14 „ ? 

1 12*0 „ 

Light . 

Medium. 

Bark . 

Bed 

25 

32 

42 

1 

8*24yearr 

8*12 „ 

8*83 „ 
12-0 „ 

Total 

100 

! 8-5 „ 

(Bod . 

1 

j 12) „ 1 


^ In this instance (though the Ml details a:re not given) the general 
significance is the same for Aragon as for Crete. But the depth of pig- 
mV^ation is usually greater in Crete. Beddoe’s ' Index of Nigrescence ’ 
is +25 (cf. Table XII.). I have no record of a case of red hair among 
the Cretan children examined by me, and I recall to mind but a single 
instance in either adult or immature persons in that island. 

E 2 
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\Yibh regard to the association of hair-colour and eye-colour I may 
notice that in general the usual rule applies to Crete, that is to say , fair 
hair or light-coloured hair may be accompanied by dark eyes (cf. on this 
point the paper on Aragonese school-children, mentioned above), whereas 
it is much more unusual for the I’everse combination to appear. 
Here, at Palaikastro, Ihis unusual combination did actually occur twice. 
The dark-brown hair in these boys was associated with eyes of a grey 
tint merging into the hazel colour so distinctive of many Cretans. 

In the majority of instances the hair is straight or somewhat wavy, 
but not closely curled. 

n. Colour 0/ the Eyes . — ^Tuming to the data (provided in Table IV.) 
for the colour of the eyes, analysis gives the following summary of the 
records : — 

Table IV. — Eye-colour and Age. 


Seventy-nine Cretan Schoolboys 


Colour 

No. 

Per 

Gent, 

Mean Age 

Colour 

Per Cent. 

Mean Age 

Blue 

3 

3-75 

8*66 years " 




" 17-5 

0*2 years 

Grey . 

9 

11-26 

11*10 



Light 


(Aragont 13-1) 

(Aragont 

Grey-green . 

2 

2*60 

8*50 

>» 




(Adults 21*23) 

7*14 years) 

Green . 

3 

3*75 

11*66 






Light brow. 

2 

2-50 

10*00 





r 25-0 

10*5 years 

Hazel . 

X3 

16-25 

10*07 

>» 

• 

Medium 


(Aragont 46*5) 

(Aragont 

Medium 








(Adults 65*98) 

8*98 years) 

brow . 

2 

2-50 

12-60 






Dark 

1 

1*25 

9*00 

it 





Dark brown . 

43 

53*75 

9*90 





67*5 

9*6 years 

Very dark 





• 

Dark 


(Aragont 40*4) 

(Aragont 

brown • 

1 

1*25 

9-00 

it 




((Adults 12-98) 

§;27 years) 

Jet black 

1 

1*26 

6-00 

,, J 






80* 

100-00 

9*90 

it 


' 



♦ One individual (Pk. 16) having eyes of different colours, is counted twice, 
t Comparable data for 100 schoolboys at Alhama de Aragon, Spain. 


Upon this table I would comment as follows : First, the gradation 
in depth of pigmentation does not follow the same sequence in respect 
of age, as was observed to obtain in the case of the hair. In other 
words, the eye-colour is seemingly independent of age in years. Again, 
the Aragonese schoolboys provide exactly the same characteristics as 
those of Crete in this feature of eye-colour : the percentage figures for 
both series of children will be found in the table. Lastly, the adult 
Cretans seem to provide a contradictory result. This paradox may well 
have a two-fold explanation. For the adults include a large proportion 
of men from the most eastern province of Crete )Sitia), where I suspect 
the medium tints preponderate. A second contributory cause may be 
found in the fact that I was obliged perforce to observe the adults in 
the open air, often in a strong Hght. The children were seen in a 


, ba England tbe eye-colour seems to darken with age to maturity, but not 
' marked degree as tbe colour of tbe hair (ci BrUish Assoc. BeporL 

%b& pp. 278^ 279 ; also Beddoe, The Huxley Leciure, 1905, 
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sclioplrooin, where the light was to some extent subdued. I am not 
aware of this matter having been tested, but on reflection it seems likely 
that where the pupils of the eye are dilated, then, in the dim light 
productive of that effect, the narrow iridic zone (which is all that 
appears) may be judged to be of darker tint than when the reverse con- 
ditions obtain. At the time I did not think of this as a possibly dis- 
turbing factor, but, in any case, the bulk of the schoolboys (those at 
Vori) were first examined, the men coming in only at a later date. 

Eeference should be made to the tabulations (in Tables XI. and XII.) 
of the association of hair-colour and eye-colour, and also of the indices 
based upon these data. 

III. Head-length . — The mean value of this dimension in seventy- 
nine boys (of an average age of 9*9 years) is 173-2 mm. This is the 
greatest length measurable from the glabella. But, as in the Aragonese 
and in other school-children, the maximum head-length will be found 
between a supra-glabellar (i.e., oplmyonic) point and an occipital point. 
The gradual increase in this dimension may be illustrated as follows : — 

Mean value (in mm.) of the maximum glabello-occipital length of 
Cretans (males only) : — 


(a) Boys of the average age of 6 years ( 9 examples) , 

. 171*0 mm. 

(o) ff ft it 9*9 99 

( 79 

if 

) . . 

. .173*2 

if 

(^) *f if if f9 IS a 

( 7 

if 

) . • 

. . 179*4 

if 

(d) Adults from all parts of Crete 

(200 

if 

) • . 

. . 186*3 

if 

{a') Eoys of the average age of 11*1 years 






from Sitia province . • 

( 20 

if 

) . . 

. . 171*2 

if 

(6') Adult Cretans of Sitia province . 

(131 

99 

) • ■ 

. . 176*3 

it 


This table shows that the increase in head-length continues after 
puberty. The amount of this later increase is not nearly so great as in 
a distinctly dolichocephalic type, such as the native Aragonese. Com- 
parison of the figures with those provided by Aragonese school-boys (and 
recorded by me in the ‘ Proc. Gambr. Antiq. Soc.', vol. xiv.) will show 
the correctness of this conclusion. It should be noted, lastly, that the 
inhabitants of Sitia province show a smaller relative increase (cf . sections 
(a^ and {¥) of the table) than Cretans in general. 

IV. Head-hreadth . — ^The mean value of the head-breadth is 140*2 
(79 examples) : its mean value at different ages is shown in the table 
iolldwing : — 

Mean value (in mm.) of the maximum cephalic breadth (of Cretans) : 


(a) Boys of an average age of 6 years . . , ( 9 examples) 

(5) The whole series ; mean age 9 *9 years . , ( 79 „ ) 

(c) Boys of an average age of 15 years . . . ( 7 „ ) 

(d) Adnlts (males) from all parts of Crete . . (200 „ ) 

(a') Boys (mean age 11*1 years) of Sitia province (20 „ ) 

(6') Adult (males) of Sitia province .... (131 „ } 


135*4 mm. 
140*2 „ 
143*1 „ 
148-3 „ 
143*0 „ 
148*7 „ 


In this case again the increase is comparatively continuous, and the 
sudden acceleration after puberty, so marked in the dolichocephalic 
Aragonese boy, is hardly noticeable in Crete. Moreover, the boys of 
the Eastern province have heads which are even more precocious in 
attaining the mean breadth for the age of puberty than those in other 
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districts. At tlie same time, the same heads (of youths in Sltia 
province) have to ‘ make * a greater amount of growth before this is 
completed. 

V. Cephalic Index— The mean value of this index in 79 boys is 
80 9. As in the cases of its contributory factors (head-length and 
head-breadth), I have prepared a list of data giving the values of this 
index at different ages : — 

Mean value of the cephalic or breadth-index of the head (in Cretans) i 

(a) Boys of an average age of 6 years . . ( 9 examples) . . 79*2 mm. 

(&) The wliole series (mean age 9*9 years) . ( 79 ) . . 80-9 „ 

(c) Boys of an average age of 15 years . ( 7 ,» ) • • 79*8 „ 

(d) Adults (males : from all parts) . . ( 200 » ) . . 79*6 ,, 

(e) ^ Adults (males : from all parts) . . (1600 „ ) • . 79*2 „ 

(a') Boys (mean age 11*1) of &tia province ( 20 „ ) . . 83*53 „ 

(&0 Adults (males) of Sitia province . . ( 131 „ ) . . 84*3 „ 

Having regard to the small number of examples in (a) and (c), 
I think the first conclusion must be that, in general, the numerical 
value of this index is very constant from childhood onwards in Crete. 
Tliis is not the case in Aragon,* where the index changes after 
puberty to a considerable degree. This difference may very likely 
be constant for the contrast of dolichocephalic and brachycephalic 
heads. If we confine our attention to Crete, another important 
inference may be drawn from the last table. It is this : that the most 
eastern Cretans are distinguished by a degree of bracliycephaly 
higher than the average for that island, A marked degree of brachy- 
cephaly is already present in the young Cretan of Sitia (the Eastern 
province). 

As regards the significance of this difference, I have already sug- 
gested* that the history of the large number of colonistsdtetroduced 
by the Venetians (during their occupation of Crete) is worth 
investigation. The modern peasant of Emilia has a head ch^cterised 
by brachycephaly in a high degree. , But Venetian colonists heed not 
have been, and probably were not, drawn from the immediate sur- 
roundings of Venice. When we consider the influence exercised by 
the Eepublic over Dalmatia and Illyria before the Venetian expansion 
commenced on the Italian side of the Adriatic, we may justifiably think 
of those territories as possible sources whence Crete was re-stocked 
with inhabitants in the later Middle Ages. In fact, we know that in 
the year 1471 a.d. the province of Sitia was largely depopulated. This 
is clearly shown by the Venetian Archives translated by the late Dr. 
Noiret,^ and Adrovasti is actually mentioned in a list of the abandoned 
villages. This depopulation was effected by marauding bands of Turks. 

In Dr. Noiret’s invaluable translation I find evidence that the 
interest of the Venetians was almost entirely in their settlers, who seem 
lo have been of Italian origin. In a list of thirty-seven names of such 
|)emons (who had got into trouble through raising loans which they 

Hawes, Briiiah Asboc, Meport, Dublin, 1908. 

• ! ^ Dffiskwprtb, op. cU., p. 44. » Cf. Britiah Assoc, Meport, 1903. 

ei de jKowe, fasc, Ixi. (1892), pp. 520, 521, 
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proved unable to repay) I find not one definitely Greek, but the name 
Sclavo occurs thrice.^ This was in 1428. 

3ut in 1390 a record ^ throws a little light upon j;he Venetian method 
of dealing with the aboriginal Cretans, for on June 28 of that year 
a i-eissue is made of an earlier order dating from 1364, whereby pro- 
hibition is enacted of settlement, of agricultural labour, and of sowing 
corn in the plain of Lasithi and on the surrounding heights. The 
penalties are severe, and evidently the native refugees in the hills were 
to be given no chance of looting stores or crops. 

But direct references to a native population are wonderfully scarce 
in these Archives. 

As regards incoming ethnic elements, there are only three records to 
notice. These, though vague, are not by any means without interest. 

The earliest is in 1414,^ when Abraynus Anteron, ' the Armenian,* 
seeks' permission to bring from Trebizond 880 ' families ’ to escape from 
the ‘ Turks.* He wishes to bring these families to Crete; he is given 
his choice of Euboea or Crete ; promises are made of good treatment, 

' quod loca nostra repleantur' gentibus et specialiter personis que (sfc) 
querunt vivere pacifice, juste et ex sudore suo. * 

Then in 1417 ^ permission is given to the Cretan Government to allow 
Turkish prisoners to establish themselves and their wives in Crete. 

The last record is in 1479,^ when orders are issued for the protection 
of forty families, refugees from the island of St. Herinis (Santorin) to 
Crete. 

To my regret, I have been unable to pursue this quest .further, 
either by inquiry on the spot or in libraries, except in regard to the 
names of these Cretan children (cf. pp. 246, 250). 

I will conclude this part of the discussion with the mention of a 
fact that struck me very forcibly in the Balkans — ^viz., the great simi- 
larity in bearing and character that (to my mind at least) exists between ‘ 
the Montenegrins and the Cretans of Sitia (province). If correct, this 
would provide additional support to the view that South Slavonic 
elements are to be looked for in modern Cretans ; and herein lies an 
explanation of the marked contrast, in respect of skull-form, between 
the prehistoric and historic inhabitants of the island. 

VI, VariaUliiy in head-length, head-hreadth, and cephalic index (in 
Cretans ), — ^The calculation of the value of the standard-deviation for 
three characters is given in Table V., with some comparable data for 
other groups and nationalities. Here it must suffice to remark that the 
value of the standard-deviation of the cephalic index in the Cretan boys 
measured by me does not greatly differ in value (4'8 for seventy-nine 
boys) from the figures (4*1) provided by Mr. Hawes ® for the 1,600 adult 
Cretan men measured by him. But both young and adults provide 
figures indicative of a relatively high degree of variability, and indeed the 
contrast between, for instance, Sitia and Selino in respect of the mean 
value of the cephalic index has already emphasised this point. It will 

* Noiret, op* ci#., p. 322, ® Noiret, op* cit, p. 36. 

* Noiret, op* cit, p. 225. ^ Noiret, op* cit, p. 264. 

® Noiret, op* cit, p, 545, ® British Assoc* Beport, 1908, ^ 
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be noticed that the Cretan boys are more variable than the men (4*8 for 
the boys as against the 4’1 for the men). Herein a general rule (formu- 
lated as the results of many hundreds of observations by Eoberts, Boas, 
and Bowditch) appears to apply to Crete as well as to England and the 
United States.^ 

Table V. 


— 

Dimension 

Age 

(Mean) 

No. of 
Ex- 
amples 

Mean 

Prob. 

error 

of 

Mean 

cr 

Prob. 

error 

of 

(T 

C 

Prob. 

error 

of 

C. 

1 

Eead-length. 

Cretan Scboolboys 

(9-9) 

79 

173 

0*508 

6*67 

0*353 

3*85 

0*206 

2 

Aragonese Schoolboys . 

(8-6) 

100 

178 

0*354 

5*25 

0*246 

2*95 

0*140 

1 

Head-lreadtJi. 

Cretan Schoolboys 

(9-9) 

79 

140 

0-504 

6*65 

0*352 

4-75 

0*254 

2 

Aragonese Schoolboys . 

(8-5) 

100 

138 

0*285 

4*23 

0*198 

3-07 

0*146 

1 

Cephalic Index {on 

Cretan Adults (Hawes) 
(Males) 


1600 

79 

0*069 

4*1 

0*048 

5*2 

0*062 

2 

Cretan Schoolboys 

(^) 

79 

81 

0*360 

4*8 

0*254 

5*92 

0*317 

3 

Amgonese Schoolboys . 

(8-6) 

100 

78 

0*189 

2*81 

0*132 

3*6 

0*171 

4* 

British Boys (Herts) - 

(8 to 14) 

57 

78 

0*285 

3*20 

0*201 

4*1 

0*258 

fit 

British Boys (Beddoe) . 

(16) 

200 

78 

0*128 

2*70 

0*089 

3*46 

0*116 

6t 

American Schoolboys . 

(9) 

135 

80 

0*216 

3*74 

0*153 

4*675 

0*191 

7t 

American Schoolboys . 

(StolS) 

1003 

79 

0*068 

3*44 

0*051 

4*3 

0*064 

?§ 

North African Jewish 
Boys .... 

(6 to 16) 

606 

78 

0*083 

3*08 

0*059 

3*93 

0*075 










1 


* From measurements by Messrs. Cooper and Ward (unpnblisbed). 

■f From measurements recorded by Beddoe {Joum. Moy, Anth. vol, xxxiv., 

1904, p. 92). 

1 From measurements recorded by West (ArcMv, fUr ATtikr,^ Band X3di). ■ 

§ From measurements recorded by Fishberg {Boas MemorkA Volume), 

B. --CRETAN SCB00LGIBL8 {ugm from 5 to il years, the mean value 

heing 7*7 years). 

Twenty-five Cretan girls were examined at Vori, none being avail- 
able at Palaikastro. The observations have been summarised in the 
order following: — 


Table VI. — Bair-colour and Age. 


Twenty-five Cretan Schoolgirls. (Mean Age 7’7 years.) 

Colour 

No. 

Per 

Cent, 

Mean Age 

Colour 

Per Cent. 

Mean Age 

Fair’ . 

12 

48 

7*91 years 1 



52 

7*7 years ‘ 

light brown 

1 

4 

6-00 „ 1 



(Boys, 32-76) 

(Boys, 8*92 „ ) 

Brown . 

8 

32 

8-12 „ i 

Medium i 

L 

32 

(Boys, 22*68) 

8-12 „ 

(Boys, 9-9 „ ) 

brown 

4 

■ 1 

1C 

6-50 „ 

Dark 

r 

L 

16 

(Boys, 44*1) 

0-6 „ 

(Boys, 10-62 „ ) 


^ ^ table® col|e@ted by Jepkinaon in His ExyefimentoA BmS>ryology,''QidOTd, 
TO. m m ' ' ' ^ 
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The smaller number of examples is accountable for the lack of dis- 
tinctness in the association of age and hair-tint. I have no doubt but 
that a longer series would show clearly that, as among the boys, the hair 
darkens with age. Probably, also, the condition observed in this country 
would also obtain — ^viz., that in the female sex the darkening never 
becomes so marked as in the male. It is a matter for speculation 
whether exposure to the open air has an influence here. 

As regards the association of eye-colomr with hair-colour, the records 
show that dark-brown hair is never accompanied (in this series) by eyes 
of lighter tint, although fair hair (especially, of course, in the younger 
girls) may be found with dark eyes. 

II. The records of eye-colour have been summarised as follows 


Table VII. — Bye-colour and Age, 


Twenty-five Cretan Schoolgirls. (Mean Age 7*7 years.) 

Colour 

No. 

Per 

Cent. 

Mean Age 

Colour 

Per Cent. 

Mean Age 

Blue 

Grey 

Green 

Hazel 

Medium brown 
Bark brown . | 

1 

1 

1 

8 

1 

13 

4 

4 

4 

32 

4 

52 

11 years' 

^ » . 

13 „ 

7-5 „ . 

7 „ I 

7-3 

Light 

Medium ^ 

Bark 

} 

L 

8 

(Boys, 17-5) 
40 

(Boys, 25*0) 
52 

(Boys, 57*5) 

8*5 years 
(Boys, 10*2 „ ) 

8*0 „ 

(Boys, 10*5 „ ) 

7‘3 

(Boys, 9-6 „) 


The inspection of this table shows that the association of eye-tint 
and age is just as indefinite as among the boys. As in the case of the 
hair, we find here reason to suppose that the depth of pigmentation is 
less in the female sex. There may be a real sexual difference here, or 
the result may be simply due to the more constant exposure of the males 
(whether boys or men) to the weather ; and I incline to lay stress on the 
latter consideration. 

III. Head-length . — The mean value of this dimension in 25 girls 
(at Vori), of an average of 7’ 7 years, is 166*8 mm. Fifty-nine boys at 
Vori provide an average of 173*9 mm., but the mean age of the boys was 
9*9 years. We have seen that nine boys of a mean age of 6 years gave 
an average measurement of 171 mm.. Evidently the female head is 
smaller in this dimension. 

IV. Head-hreadth . — ^The mean value of this dimension in 25 girls 
(at Vori) is 133*7 mm. The boys at Vori (59 in number) gave an aver- 
age of 139*3, but their age is greater. Nine boys averaging 6 years of 
age give a mean value of 135*4. From aU this it appears that in child- 
hood the female head is less broad than the male. 

V. The Cephalic or Breadth-index , — ^The mean value of this index 
in 25 girls (at Vori) is 80*1. Boys with a mean age of 6 years provide a 
mean index of 79*2. AU the boys taken together give 80*9 as the mean 
value. So far, then, it floea not seem as though the sexual difference 
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were marked in this respect, though the female head seems rather more 
brachycephalic. Oue girl, howeyer (No. 6), having an index of 94*9, 
has had a very appreciable effect in raising the average of this series of 
twenty-five individuals. 

VI. Before passing from the consideration of this index, I would 
remark that in eleven girls (out of twenty-five) the maximum length of 
the head will be found actually between an ophryonic point and an 
occipital point. The same occuirence was noted in the boys (cf. p. 247), 
The indices here employed have been based on the glabello-occipitai 
length. But if we employ the real maximum in the cases in which it 
was not glabello-occipitai, we can calculate a cephalic index which will 
clearly provide lower numerical (i.a., more dolichocephalic) results than 
those just described. Bor this purpose I have data from the following 
groups : — 

Tabi^b VIII . — Cephalic Index^ calculated not from the glabello-occipitai 
lengthy hut from the maximum lengthy even when this is measured 
high above the glabMo, the forehead being then bombe, as the French 
writers describe it. 


' ; ■ Crroup, 

No. ' 

Index 

(a) Boys at Vori . 

(14) 

78*9 

(b) Girls at Vori ; 

(11) 

78*7 

{c) Cretan boys in general 

(d) Boys at Lilaikastro , i 

(23) 

80-7 

(9). 

83*4 


,4 . 

The similarity between boys and girls at Vori, and the independent 
position of the Palaikastro (i.e,, eastern) group come out here very 
clearly. 

The final tables include the whole of the detailed data whence the 
forgoing summaries have been made, I have also appended a list of 
the names of the individuals. The chief interest herein will lie in the 
search for names suggestive of a Venetian or other exotic provenance. 
Dr. Gerola provides a long list of the names of the Venetian families of 
Crete. ^ Looking through my list and that of Dr. Gerola, I find very 
few names in my collection capable of being claimed as Venetian, Of 
the boys, No. 23, Frangoulakis, may represent Dr. Gerola's family, 
Branco; and Xondourakis may be derived from Contarini. Nos. 30, 35, 
42,, 49, and 53 all bear the name Zorzakakis; this almost certainly 
represents the, family Zorzi, mentioned by Dr, Gerola, No. 48a. 
Zangarakis may represent the name Zangarol. The girls provide no 
other names needing mention here. 

Cf. Oferola, Monnmenti V enefi nelF Jtsola di Oreta^ 1905, p. xlix. Camb. XJaiv. 
lib.^ lib, 2, 90, 152. 
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Table IX . — Cretan Schoolboys at Fori (59). 


Locality 

and 

Numbex' 

Age 

Maximum 
Head-length 
from Glabella 

Head- 

breadth 

Cephalic 

Index 

Maximum Head- 
length Fronto- 
occipital when 
not G label lo 
Occipital 

Corre- 

sponding 

Cephalic 

Index 

Vori No. 

1 

6 

165 

131 

79-4 

1 

1 


2 

8 

172 

134 

77*9 

— i 

— 

3 

8 

156 

139 

89*1 

1 



4 

7 

175 

135 

77*1 

i 

— 

5 

8 

173 

140 

80*9 


— 

7 

9 

160 

143 

89*4 

— 

— 

8 

9 

166 

134 

80*7 

— 

— 

8 

8 

180 

130 

72*2 

— 

— 

10 

8 

175 

140 

80 



— . 

11 

15 

180 

146 

811 



12 

11 

183 

134 

73*2 

— 

— 

13 

7 

166 

152 

91*6 

— 

— 

14 

8 

172 

140 

81*4 

— 

— 

16 

11 

177 

134 

76*7 

— 

— 

16 

11 

180 

140 

77*8 

— 

— 

17 

11 

177 

141 

79-7 

— 

— , 

18 

11 

170 

137 

80*6 

' 

— 

19 

10 

173 

139 

80*3 

— 


20 

I 

179 

141 

i 78*8 

— 

— . 

21 

\ 10 

171 

140 

81*9 

— 

! 

22 

12 

187 

137 

73*3 

— 

— 

23 

10 

176 

132 

75 

— 

— 

- 24 

16 

173 

144 

83*2 

— ! 

— 

25 

13 

172 

142 

82*6 

— 

1 

20 

13 

185 

142 

76*8 

— 

! 

27 

13 

171 

142 

83 

— 

— 

28“ 

10 

175 

140 

80 

— 

— 

28a 

12 

171 

157 

91*8 

— 

— 

29 

12 

178 

135 

75*8 

— 

— 

30 

11 

186 

144 

, 77*4 

— 

— 

31 

12 

177 

136 

76*8 

— 

— 

32 

10 

183 

138 

75*4 

, — 

— 

33 

16 

184 

130 

70*7 

— 

— 

34 

12 

180 

165 

86*1 

— 

— 

35 

13 

178 

154 

86*5 

— 

— 

36 

14 

171 

141 

82*5 

— 

— 

37 

14 

ise 

150 

80*6 

— 

— 

38 

15 

182 

151 

83 

— 

— 

39 

6 

178 

136 

76*4 

— 

! 

40 

10 

175 

141 

80*6 



41 

6 

182 

137 

75*3 

— 


42 

7 

163 

142 

87-1 

168 

84*5 

43 

7 

166 

i42 

85*5 

173 

82*1 
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Table IX . — Cretan Schoolboys at Vori (59) 
(continued). 


Locality 

and 

Number 

Age 

Maximum 
Head-length 
from Ulabella 

Head- 

breadth 

Cephalic 

Index 

Maximum Head- 
length Fronto- 
occipital when 
not Glabello 
, Occipital 

Corre- 

sponding 

Cephalic 

Index 

Vcri No. 







iSa 

7 

169 

129 

76-3 





44 

9 ■ 

179 

143 

79-9 

182 

78*6 

45 

8 

171 

146 

85*4 

179 

81*6 

46 

5 

177 

146 

82*5 

182 

80*2 

47 

7 

175 

132 

75*4 

177 

74*6 

48 

7 

168 

134 

77 

174 

79*8 

48a 

7 

176 

137 

77-8 

182 

75*3 

48& 

8 

168 

139 

82*7 



49 

9 

166 

137 

82*5 

168 

81*5 

50 

10 

170 

132 

77-6 

— 


51 

10 

177 

141 

79-7 

181 

77*9 

52 

6 

167 

137 , 

82 

174 

78-7 

53 

6 

173 

129 

74-6 

175 

73*7 

54 

5 

166 

135 

81-3 





55 

5 

166 

135 

81*3 

171 

78*9 

56 

6 

165 

133 

80*6 

171 

77-8 

Palai- 







kaeiro 







No. 







1 

8 

168 

141 

83*9 

. 

1 

2 

10 

168 

141 

83*9 



Z \ 

7 

172 

148 

86 

' 


4 i 

8 

169 

135 

79-9 



5 

9 

159 

152 

95*6 

' — 


6 

12 

170 

135 

79-4 



7 

13 

176 

153 

86-9 



8 

13 

177 

140 

79-1 

— 


9 

13 

172 

149 

86*6 

174 

85*6 

10 

11 

175 

155 

88-6 

179 

86*6 

11 

11 

164 

143 

87-2 

165 

86*7 

12 

12 

168 

131 

78 



13 

13 

176 

137 

77*8 

180 

76*1 

14 

13 

183 

152 

831 

187 

81*3 

15 

10 

166 

144 

86-7 

168 

85*7 

16 

13 

178 

150 

84*3 

182 

82*4 

17 

16 

180 

140 

77-4 



18 

13 

172 

141 

82 

175 

80-6 

19 

10 

162 

141 

87 

164 

86 

1 20 

7 

169 

132 

78*1 



^ — 
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Table X . — Cretan Schoolgirls at Vori, 


No. 

Age 

Hair-colour 

Eye-colour 

Head- 

length 

Head- 

br’dth 

Cephal^ ’ 
Index 

1 

7 

Fair 

Bark brown 

162 

138 

(85*2)* 

2 

11 

Fair 

Blue 

175 

139 

79*4 

3 

8 

Brown 

Bark brown 

161 

130 

80*7 

4 

11 

Fair 

Hazel 

169(172)t 

136 

80-5(79-1 )t 

5 

9 

Fair 

Bark brown 

172 (175) 

139 

80*8 (79*4) 

C 

9 

Dark brown 

Bark brown 

155 (1.57) 

149 

96*1 (94*9) 

7 

13 

Bro^vn 

Gyeen 

170 

140 

82*4 

8 

6 

Fair 

Hazel 

162 (169) 

129 

79*6 (76*3) 

9 

6 

Fair 

Grey 

168 

138 

82*1 

10 

10 

Fair 

Bark browm. 

173 (177) 

130 

75*1 (73*4) 

11 

8 

Brown 

Bark brown 

168 

130 

77*4 

12 

7 

Browm 

Hazel 

160 

136 

85 

13 

11 

Fair 

Hazel 

173 (176) 

135 

78 (76*7) 

14 

6 

Fair 

Hazel 

167 (172) 

132 

79 (76*7) 

15 

6 

Brown 

Hazel 

170 (173) 

137 

80*6 (79*2) 

16 

5 

Fair 

Bark brown 

170 (173) 

141 

82*9 (81*5) 

17 

5 

Bark brown 

Bark brown 

168 (175) 

132 

78*6 (75*4) 

18 

7 

Brown 

Hazel 

169 

126 

74*6 

19 

6 

Light brown 

Hazel 

170 

134 

78*8 

20 

6 

Bark brown 

Bark brown 

160 

140 

87*5 

21 

6 

Fair 

Bark bro^vn 

167 

128 

76*6 

22 

6 

Bark brown 

Bark brown 

169 

125 

74 

23 

8 

Brown 

Bark brown 

166 

128 

77*1 

24 

7 

Fair 

Bark brown 

^ 164 

130 

79*3 

25 

, 7 

Fair 

Medium brown 

162 

131 

80*9 

26 

Average (exclud- 

8 

Brown 

Bark brown 

167 (177) 

129 

77*2 (72*9) 







ing No. 1) 

7.7 



166-8 

133-7 

80-16 


♦ Epirote^ and therefore excluded. 

f The figures in brackets are the maximum fronto-occipital head-length, and 
the cephalic index derived from this. Corresponding values for boys are given ^in 
Table IX. 


Table XL — Cretan Schoolboys (79 or 80).* 


Eye-colour, Light (Blue, 
Grey, Grey-green) 

Eye-colour, Medium 
(Green, Light Brown, Hazel, 
Medium Brown) 

Eye-colour, Bark (Bark, 
Bark Brown, Very Bark 
Brown, Jet Black) 

Very Fair, Fair, 
Light Brown 

Brown 

Bark, Bark Brown, 
Black 

Jet Black 

■J g 
. .. 0 

1 

(S 

Bark, Bark Brown, 
Black 

Jet Black 

Very Fair, Fair, 
Light Brown 

Brown 

Bark, Bark Brown, 
Black 

Jet Black 

10 

0 

A 

0 

9 

5 


2 

7 

13 

23 

i 3 , 

12-50% 

0 

5*0 

0 

11*25 

6*25 

6-0 

2-50 

i 8*75 

16*25; 28*75, 3*75 



Aragonese Schoolboys (99 or 100).* 




5 

5 

3 

0 

11 

20 

14 

1 

9-f 1 red 

6 

18 

1 6 

5-06% 

5*05 

3*03 

0 

11*11 

20-20 

14*14 

1*01 

9*09 

6*06 

18*18j 6*06 


* One Cretan boy had eyes of different colou'is, and for the purpose of colcitr 
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TAfeLB XII. — Indices, Kair- and Bye-colour ^ 



— 

Crete 

Aragon 

— 

1 

Eyes. Beddoe’s Index 
(D-L) 

+40 

+27-27 

(of, 351 British =+3*4) 

2 

Hair. Beddoe’s Index 
(D+2B-R>-E) 

Eyes and Hair Combined : 

+25 

+23-23 

(of. 351 British= -38-74) 

3 

Beddoe’s Compound Index 

+90 

1 

+73-27 

(of. Dalmatia : mean 108) 
Range 54-156 

4 

Collignon’s Compound Index 
Preire-Marreoo’s Compound 
Index 

+26-25 

+22-22 

(of. 351 British=-17-8)^ 

5 

452-5 

1 

424-2 

(of. mean for 7 British 
loealities=:363*9) 


Table XIII . — Names of Cretan Schoolboys at Von, Crete, 


L Miroa CapeBakis. 

2. Pavlos Skordkalakis. 

, 3. Coastantmos Nicolidkakis. 

4. Pavlos PolydhaMs. 

5. Joaams NicoHdhakis- 

6. Phoirfaios Phortiadhes, an Epirote 

boy. See Girl No. 1. 

7. Geoigios Papadbakis. 

8. ManoH Kamarianakis. . 

9. Nicolaos Kadbianis. 

10. Evangelos Makridhakis. 

11. Nicolaos Mpronlidhakis. 

12. Mchaei Jannakakis. 

13. Charalampos Xapelakis. 

14 Evangelos Mytondbakis. 

1^ Joannis Myionakis. 

Georgios GeorgolaMs, 

17. Geo^os Papatoiiakis. 

18. Joannis Betkymolakis, 

19. Georgios ^ordhalaMs. 

^ Georgios Xonrmoulakis. 

21. Evangelos Polydbakis. 

22. Elias Kamarianakis. 

23. Joannis ErangonlaMs. 

24. Evangelos Makiydbakls. 

25. Elias Eiygakis. 

26. Joannis Nicolidbakis. 

27. Georgios Kotsfakis. (? Xontsifakis), 

28. Charalampos Ebonlzlerakis. 

29. Nicolaos Polyobronakis. 

29a. Joannis Polydbakis. 


30. Michael Zorzakakis. 

31. Nicolaos Milonakis. 

32. Michael Melonidbakis. 

33. Joannis Sabbakis. 

34. Georgios Joseph Skordhalakis, 

35. Georgios Zorzakakis. 

36. Emmanuel Piperaki,s, 

37. Constant'inos Voleykronakis. 

38. Georgios Fitsodhaskalakis. 

39. Joannis Kondouralds. 

40. Manolis Xenogianalds- 

41. Michael Papadhalds. 

42. Manolis Zorzakalds. 

43. Stylianos Piperakis. ^ 

43a. Michael Milonakis. 

44. Michael Xenakis. 

46, Georgios Askoxylakis. 

46. Stavros Skordbalakis. 

47. Antonios Stavrolakis. 

48. Demosthenes Polychronakie. 
48a. Georgios Zangarakis. 

, 485. Georgios Polydbakis. 

49. Georgios Zorzakakis. 

50. Michael Goorgolakis. 

51. Nicholaos Kondourakis. 

62, Stavros Polydbakis. 

63. Georgios Zorzakakis. 

54. Grergorios Nioolidbakis. 

55. Evangelos Grigorakis. 

. 56. Manolis Makrydbakis. 


statistics was counted in twice (making a total of 80 in this case) ; one eye was ligbl 
while the other was dark. Among the Aragonese, one eye-record (No, 20) was not 
taken, so that the numbers are either 99 or 100 accordingly. 

* B^erence for comparisons should be made to Dr, Beddoe’s lecture on * Coloui 
published imthe Journal of the Royal Anthroydogiccd InsUtufe, voL xxxv 
|^^}ialso to Miss Preire-Marreco*s valuable paper on ‘The Hair and Eye-colour 
Age in Surrey,’ published in Man, 1909, 63. The British 
' are : 
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Names of Cretan Schoolboys at Palaikastro, Crete. 


1. Georgios Mavrokoukoulakis. 

2. Gregorios Fapadhakis. 

3. Konstantinos Avronidhakis.® 

4. Georgios Bonatsakis. 

6. Georgios Relakis. 

6. ‘ Christos ’ Christodhoiilakis. 

.7. Konstantinos Ailamakis. 

S* Nikoiaos Christodhoiilakis (brother 
No. 6). 

9. Pandelis Gorbadzakis. 

10. Joannis Mavrokoukoulakis. 


11. Gregorios Brylakis. 

12. Konstantinos Avronidhakis.^ 

13. Nicholaos Stephanakis. 

14. Manoel Tsandhakis. 

15. Manoel Bonatsakis. 

16. Joannis Xipolitakis. 

17. Joannis Gremiakis (Jeremiakis), 

18. Emmanoel Tsimitakis. 

19. Konstantinos Scaromariolakis. 

20. Gregorios Mavrokoukoulakis. 


1 . 


2 . 

3. 

4. 
6 . 
6 . 

7. 

8 . 
9. 
10 . 
11 . 
12 . 
13. 


Names of Cretan Schoolgirls at Vorif Crete, 


Andronike Phortiades (Epirote — see 
boy No. 6). 

Eirene Nicolitakis. 

Ourania Kontsifakis. 

Ariatea Zorzakakis. 

Katina Papadhakis. 

Elene Mpistogianakis. 

Marianthi Askoxylakis. 

Elene Pitharakis. 

Chrysanthi Polydhakis. 

Pagona Papadhakis. 

Chj^santhi Papadhakis. 

Marigo Kardhianis. 

Evangelia Nicolidhakis. 


14. Kallirhoe Makridhakis. 

15. Andronike Amargiolakis. 

16. Kalliope Kapellakis. 

17. Eugenea Miserlakis. 

18. Asymenia Mpronlgidhakis. 

19. Elene Zorzakakis. 

20. Evangelia Askoxylakis. 

21. Evangelia Dhendhrakis. 

22. Kyriakis Xenogianakis. 

23. Angelike Prangoulakis. 

24. Evangelia Elxasadhakis. 

25. Elene Makridhakis. 

26. Elene Gianakakis. 


APPENDIX III. 

Some Remarks on Br, DuckwortVs Report (Appendix IL).^ 

By Charles H. Hawes. 

The point I wish to remark upon in Dr. Duckworth's paper is the 
suggestion that the Venetian occupation of Crete is to be held account- 
able for the broader heads of the Sitians-in Crete. 

But before taking this up I should like to mention that, outside of 
the Venetian question, my large mass of figures in the main bears out 
Dr. Duckworth's results. To his data for hair-colour, and his remark 
on the absence of red hair, I may add that out of 2,000 children observed 
by me, 10 had red hair, and of 2,488 men 11 were red-headed — a pro- 
portion of half, and less than half per cent. Also, while the age inde- 
pendence of eye-colour compared with hair-colour is marked, it is not 
■absolute. I could find no change through the periods of adolescence 
and maturity save one. Certainly there was no darkening tendency, but 
rather the opposite, in the case of some dark eyes. This class of eye 
is perhaps best described as fonc4; it is bafflingly opaque, and this 
tempts one to label it black, but no one who has seen the black eye of 
a Negrito would do so. .This eye changes in many cases, not in all, at 
.puberty or before, into a dark-brown or even brown eye. 

Turning to the Venetian question, I agree most heartily with Dr. 
Huckworth that the history of the Venetian occupation of (Irete would 
well repay study, and it is to be regretted that no English student has 
;yet extracted it from the archives of Venice. 

^ Possibly Mavromdbakis* 
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Di\ Uuckwortli suggests thafe the broader heads ol llio Siliaiifci, 
compared with their neighbours of Central Crete, are due to^ the 
Venetians and their levies of Dalmatians and Illyrians. I have hinted 
that this broadening influence may come from Asia Minor. 

The best test that we can apply to Dr. Duckworth’s theory is to 
select Cretans of to-day bearing Venetian names, and compare them 
anthropometrically with the peoples of Venetia, Dalmatia, and Illyria. 
It is by no means an easy task to decide which are V enetian names under 
their Cretan disguise ; and, again, a name which looks Italian may have 
a similar derivation in both Greek and Latin. But there are certain 
well-known Venetian names, such as Cornaro, Dandolo, Dafernio, 
Modano, Kallergi, Markantonio, and Renero, which may be easily 
recognised. Examples of others which appear among Cretan cognomens 
to-day, but which are not so familiar, at any rate in their Cretan dress, 
are Kavvalos, Maniadhes, Perakis, Printalos, Saloustros, Soultatos, and 
Frantzeskos. For many of these I am indebted to Mr. Xanthoudides, 
the Assistant Ephor of Antiquities at Candia. Perhaps in all I have 
recognised about 70 different Venetian names. There are possibly more 
wliich might yield to a close philological study, and perhaps some 
additions from these should be made to my totals. Out of a total of 
2,298 Cretan men measured throughout Crete by me, 150 bore Venetian 
names, i.c., 6^ per cent. If we make further additions, I do not think 
that this figure would exceed 8 per cent. I believe that my figures fully 
represent the case. Mr. Xanthoudides was good enough to go through 
the lists of voters of several demes with me, selecting Venetian names, 
and in comparing the most populous deme I find that my proportion 
of Venetian names in that deme among the measured is 11| per cent, 
more than the proportion among the voters, showing that I had culti- 
vated, or happened upon, the Venetian element. Such a comparatively 
high percentage will cause surprise when we consider th^istory of the 
Venetian occupation, the dislike of the Venetian settler^for a country 
life among a hostile people continually given to revolution, their deser- 
tion of their estates for a city life, a process hastened by the long sieges 
of Canea and Candia, and the ultimate surrender and withdrawal. If 
we want to get an idea of the process, we have only to turn to Crete 
to-day, where we may see it going on, only under a peaceful guise. 
The Mussulmans, who numbered 73,234 in 1881, had dwindled in 
1900 to 33,496, and in 1910 they have probably lost another 60 per 
cent. In 1881 they occupied farms in the country districts in their 
thousands, as the census shows. By 1900 these thousands had fled 
to the seaport towns and to Asia Minor, leaving but a few hundreds in 
the country regions, mainly within a few hours’ ride of Candia. And 
the steady flight continues; so that, were Crete given up to Greece, 
there is no doubt that the Mussulmans, though mainly of Cretan blood, 
would leave but a few hundreds to represent the Turkish occupation of 
the island. 

It is, therefore, somewhat surprising to find, on estimate, that there 
are perhaps 20,000 out of 300,000 Cretans with Venetian names. The 
late Dr, Jannaris, the well-known philogist, would admit to me no 
claims of Cretans to Venetian descent outside of the three or four well- 
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known families in tHe cities, and recalling the Cretan fondness for giving 
nicknames, attributed such names as Yenetikos to tliis habit, the label- 
ling of a native servant with the cognomen of his master's nationality. 
Mr. Xanthoudides remarked to me that half the names in the Cretan 
villages were Venetian, but that they meant nothing. The former part 
of Mr. Xanthoudides* statement was not borne out by reference to the 
voters’ list, i.e., in the names of those over twenty-one years. In the 
more favourable districts the percentage was 13. 

More important for us than these corrections is the consideration 
that a Venetian name in Crete connotes very little Venetian blood. 
Nearly nine generations have passed -since the Venetians left the island, 
and their blood must be very thin or bred out by this time, and, what is 
important to note in this connexion, the national or racial consciousness 
that would dictate a marriage of Venetian-named with Venetian-named is 
lost. In the one village in Crete that bears the reputation of being a 
Venetian colony, Axos, the people were ignorant that they bore Venetian 
names, and resented the imputation — Shaving, perhaps, a folk-memory 
of those hard taskmasters, whom their forefathers hated more than the 
Turks. Those who are sophisticated and well-read among the Venetian- 
named, such as the local antiquary and justice of the peace at Vitzari, 
in Amarion, a Siligardi by descent ; the scholarly Archimandrite Veneris ; 
the prosperous merchant of Xidhas, Kandherakis, whose great desire to 
have Lyttos excavated is now to be fulfilled ; or the most successful and 
intelligent carpenter of Oandia, Comaro, can only point to some one far- 
distant ancestor or to family tradition. Thus, while the years and 
centuries have gone by, the blood has decreased, and only the names 
have remained, or even increased with the increase of the population.- 

But, to turn from general considerations, if we are to attribute, as 
Dr. Duckworth does, the broadening of the head in Sitia to the Venetian 
influence, we should expect to find that influence most active and more 
apparent where the Venetian-named Cretans are thickest. This area 
is the Deme of Anogeia, in which Axos, with some seven other villages, 
is situate. Out of 175 names (borne by 992 voters, and representing a 
population of 4,054), 41 (or 23|- per cent.) are Venetian, and out of 69 
measured by me in this deme, 24 (or 35 per cent.) are Venetian in name ; 
an extraordinary average compared with 5| per cent, for the rest of the 
island. I may note here that the figures I shall quote for the eparchies 
take account only of the names recognised as Venetian, and do not 
include additions for doubtful names. How do these Venetian-named 
individuals compare in cephalic index with the modern Venetians and 
their neighbours? The cephalic index of the people of Veneto-Emilia 
(52,410, quoted by J. Deniker) is 85*1, of Dalmatians (30, by J. 
Deniker) 87*0, of Albanians (20, by Pittard) 83*8. That of the Vene- 
tian-named Cretans in their most populous region is 76*7. This figure 
needs no comment of mine. 

Let us turn to Sitia itself, where there are lOJ per cent, of Venetian 
names. This percentage is not extraordinary, being exceeded by four 
other eparchies. The average cephalic index for 189 Sitians, including 
Dr. Duckworth’s figures, is 80*9, or nearly 81*0, to be accurate, that of 
the Sitians bearing Venetian names is 81*3. This suggests the key 
1910. s 
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to the situation, for we shall find, on comparing the average cephalic 
index of the Venetian-named and that of the eparchy in which they are 
located, that in several cases there is close agreement, and most im- 
portant of all in the grand totals. Where there are variations, they 
seem to be due to small numbers ; and the lowering of the index is more 
pronounced than the heightening. The following are examples : — 



1 Percentage 

Cephalic Indices | 

Eparchy 

1 ot the 

V enetiau-nameU 

Whole eparchy j 

1 

Y enetian-named 

lerapetra 

8-6 

79-6 

79-1 ' 

Eosanios 

6-8 

79-4 

79-3 

Mylopotamon 

22-9 

77‘9 

76-9 

Selinon . 

11*6 

80*9 

77-5 


The most important evidence is obtained in the comparison of the 
totals. The average cephalic index of the 150 Venetian-named in- 
dividuals, measured throughout Crete by me, is 79*0, which is the 
exact figure mentioned in my previous paper for the whole of Crete 
(2,290 individuals). 

What is the conclusion to which we are drawn? That the Venetian 
strain has remained strong and powerful after nine generations without 
replenishment from the mother country ? Scattered through the land, 
its consciousness of nationality lost, Has it not bred out ? Where is the 
Venetian brachycephal or hyper-brachycepal in the most populous of 
Venetian districts in Crete? What is the dictum of the other 
eparchies, and what of the whole? They are unaffected by the 
Venetian element. Where people are dolichocephalic, the Venetian- 
named among them are dolichocephalic, and where they are mesati- 
cephalic, there the latter are mesaticephalic also. 

I need not labour this point. The Venetians are not the determining 
element, but the determined. Therefore it is that in my report, taking a 
large view of Cretan ethnology, I tieated the Venetian element as 
negligible. 

But what, then, is the cause of the broadening of the head in Sitia? 
Must we leave it unexplained? I think not. Crete is linked up by the 
stepping-stones of Karpathos and Ehodes to Asia Minor. Sponge- 
divers from the Asia Minor coast are found off Sitia to-day. Dr. Duck- 
worth mentions the Tuiks marauding and settling, even during the 
Venetian occupation, in 1417 and 1471, and no doubt it would be 
possible to extend these connections back to Minoan times, when, as 
Mr. Hogarth found, the little town of Zakio imported from Asia Minor. 
The connection is natural and historical, and, for the matter of that, 
pre-historical. 

Has anthropometry anything to confirm this ? Let us see. 

^ 1 have called attention in my previous paper to the fact that the 
Sitians in the extreme east of Crete, and the Selinots in the extreme 
vrat, have the same cephalic index— namely, 80'9, but that there is this 
<Bfi^enoe: that the Selinot is broad-headed and the Sitian is short- 
headed. 
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Now, if we turn to ilsia Minor, we shall find that it is a region of 
short-headedness. 

For purposes of comparison, as we have a long-headed population in 
Crete, we will extract the brachycephals of Crete and compare them with 
peoples in Asia Minor. This gives us 71 brachy cephalic Sitians, whose 
measurements, compared with those of Turks and Tachtadshy (Takh- 
tadji) of S.W. Asia Minor are as follows : — 



i 

Number | 

1 

Head 

Head 

Cephalic 


Length 

Breadth 

Index 

Sitians of Crete . 

71 

180-1 

153-2 

85*1 

Turks of Asia Minor 1 
(Chantre) j 

f 

' 120 

181-0 : 

153-0 

84-5 

Takhtadji (Petersen ] 
and von Luschan) J 

1 

1 13 

i 

[ ! 

178-S 

1 

153*2 

j 

85*7 . 


Chantre^s 297 Armenian men have a cephalic index of 85*5 ; head- 
lengths and head-breadths I cannot give, as I write without books of 
reference by me. 

One could hardly demand a closer agreement than with these figures 
of 120 Turks and 13 Takhtadji, those wild peoples of the marshes 
and uplands of Asia Minor, who, in the opinion of von Luschan, best 
represent the prehistoric race of Asia Minor. As we get further away 
from the Aegean to Lake Van and Eussian Armenia, the head is even 
shorter, but also rather broader (27 Aissori, 22 males and 6 females, 
are 173 mm. long and 156 mm. broad). This may be the r^ult of 
deformation, but in any case our connections are naturally nearer at 
hand. 

Now let us try Veneto-Emilia, Dalmatia, and the Illyrian area. 
[And here I much regret that I am without reference books, and must 
depend on odd notes.] 

The cephalic index of 30 Dalmatians (Deniker) is 87*0, and that 
of 52,410 inhabitants of Veneto-Emilia is 85*1. 

Unfortunately, I cannot give the head-lengths and head-breadths of 
these, but from 18 Venetian soldiers measured by me I have tha 
following : — 

Head Length Head Breadth Cephalic Index 

185-1 155-2 83-9 

and for Pittard*s 20 Albanians we have the following ; — 

Head Length Head Breadth Cephalic Index 

185 0 166-7 83-8 

These figures, which represent not a shoTt head but a hroad head, 
compare with the Selinots in the western end of Crete, the brachy- 
cephals among whom, to the number of 33, have the following : — 

Head Length Head Breadth Cephalic Index 

185-3 167-5 85-0 

and I may remind my readers that in my previous reports I have derived 
this western Cretan brachycephal from the north, and ultimately from 
Illyria. 
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It might be thought that with such a notable stature on the part of 
the Dalmatic and Illyrio people, this feature alone ought to settle the 
whole question. It certainly is more than confirmatory, although one 
has to be careful in using statistics of stature, a feature which is far 
less permanent than head form. The Sitian brachycephal has a stature 
of 1,678 mm. ; the stature of the brachycephalic Takhtadji is 
1,679 mm. ; of 287 Armenians (Ohantre), 1,680 mm. ; of 18 Armenians 
from Lake Van, measured by me, 1,678 mm. That of the Turks 
varies from 1,710 mm. (120 measured by Ohantre) to 1,670 mm. 
(recorded by Elysieff). 

The stature of Albanians awaits further measurements, for Pittard 
gives the low figure of 1,674 mm. (for 20 individuals), against mine, 
1,777 mm. for 28 measured in Martino. But we are on safer ground 
with the Dalmatians (325 individuals), 1,715 mm., and Montenegrins, 
1,711 mm. These are 33-37 mm^ taller than our Sitians, but approxi- 
mate to the stature of our bracSycephalic Selinots (1,701 mm.), and 
their neighbours the Sphakiots (I,7l0 mm.). 


drchcBohgical Investigations in British East Africa.— Interim Report 
of the Committee^ consisting of Mr. D. 6. Hogarth {Chairman), 
Dr, A. C. Haddon (Secretary), Mr. H. Balfour, Mr. C. T. 
CuRBELLY, Dr, H. 0. Forbes, and Professor J. L. Myres, 


The Committee appointed to report upon Archaeological Investigations 
in British East Africa obtained information from Mr. 0. W. Hobley and 
other sopces concerning the caves on Mount Elgon and in the scarps 
of the Bift Valley, and from Mr. A. 0. Hollis on the ancient graves on 
tte sea coast of British Bast Africa. These two gentlemen and Mr. 
E. B. Haddon have also supplied valuable information concerning the 
equipment and method of conducting expeditions for carrying out ^ese 
importent mvestigations. When the Cknnmitfee were appointed it was 
expected that more than one member of the Committee would undertake 
ms but circuinstances have since arisen which make this impos- 

RrS;i, available should a 

British expedition be undertaken m future. In the meantime the Com- 
mittee do not seek reappointment. 


--r---- in the British Isks.-~-Revorf nf tJ>e 

coring of Professor Arthub Thomson (oLmJ^ 
Mr. J. Grat (Secrete^), and Dr. F. C. Shrubsaxl. J 

Obwmaa of tSe Oommitlee from 190 S 



ANTHROJ»OMETRIC INVESTiaATION IN THE BRITISH ISLES. 257 

Under recent Acts of Parliament measurements of height and weight 
are being extensively carried out in primary schools in England and 
Scotland, and numerous inquiries have been received from medical 
officers and others as to the best methods of making these measure- 
ments. The Committee have been able to refer them to the report on 
anthropometric method published by the Eoyal Anthropological Insti- 
tute., It is satisfactory to note that the sale of this report is steadily 
increasing. 

The Committee are pleased to note that an Anthropometric Bureau 
has been installed at the Japan-British Exhibition, under the super- 
vision of the Eoyal Anthropological Institute, and hope that means will 
be found of making such a bureau a permanent institution. 

The Committee are making arrangements, in co-operation with other 
agencies, to have measurements made of the adult rural population of 
the British Isles. 

Applications have been received for information about methods of 
measurement from many parts of Greater Britain, as, for^example, 
Cyprus, Australia, and New Zealand. 

Anthropometric Committees have been formed or are being formed 
in many foreign countries, among which are Germany, Denmark, and 
Norway. The Danish Committee Have already published some very 
valuable reports on the physique of childi*en and adults in Denmark. 

The Immigration Commission of the United States of America have 
been carrying out under the direction of Professor Franz Boas anthro- 
pometric investigations on immigrant races, coming from all parts of 
Europe, with the view of ascertaining the changes produced by the 
x\merican environment. A copy of Professor Boas’ valuable report has 
been presented to the Committee through the Privy Council by the 
U.S. Government. The Committee ask to be reappointed with a 
grant of 61. to cover expense of correspondence, &c. 


Anthropological Photographs, — Report of the Committee consisting of 
Dr. C. H. Read {Chairman), Mr. H. S. Kingseorb {Secretary), 
Dr. G. A. Auden, Mr. E. Heawood, and Professor J. L. Myres, 
appointed for the Collection, Preservation, and Systematic Eegistra 
iion of Photographs of Anthropological Interest. 

The Committee have to report that, in pursuance of a resolution passed 
by the Council of the Association, the collection of photographs has 
been deposited at the Eoyal Anthropological Institute, where it is now 
available for purposes of reference and study. 

' The Committee have also to report that, owing to the initiative of 
Mr. N. W. Thomas, M.A., Government Anthropologist, Southern 
Nigeria, officers in the West African servi'ce will be asked to register 
with the Committee any photographs taken by them, and where possible 
to deposit prints in the collection. No adffitions Have been made t(> 
i.he collection this year. 
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The Lake Villages in the Neighbourhood of Glastonbury —Ref ort of the 
Committee, consisting of Dr. E. Munro {Chairman), Professor W. 
Boyd Dawkins (Secretary), Professor W. Ridgeway, and Messrs. 
Arthur J. Evans, 0. H. Read, H. Balfour, and A. Bulubjid, 
affointed to investigate the LaM Villages in the neighbourhood of 
Glastonbury in connection with a Committee of the Somersetshire 
Archceohgical and Natural History Society. (Drawn Uf by Messrs. 
Arthur Bulleid and H. St. George Gray, the Directors of the 
Excavations.) 

The Committee report that the large and exhaustive monograph 
describing the Glastonbury Lake Village is now approaching comple- 
tion. The work will be issued privately by the Glastonbury Anti- 
quarian Society, and will consist of two royal quarto volumes ; an illus- 
trated piospectus has recently been circulated, and copies may be 
obtained on application. Vol. I. will be published during the latter 
part of this year, or in the early part of 1911. The work for Vol. II. 
is also well in hand, and wiU be issued as soon as possible after Vol. I. 

The results of the tentative explorations in 1908 of the Lake_ Village 
at Meare were of so important and encouraging a nature that the 
matter was at once taken up by the Somersetshire Archaeological and 
Natural History Society,^ but owing to the large amount of work to 
be accomplished for the publication of the monograph on the Glaston- 
bury Lake Village, it was deemed advisable to postpone the further 
examination, of the Meare site until 1910. The first season's syste- 
matic digging opened on May 23 and continued for three weeks, exclud- 
ing the week devoted to filling in the area dug. Although it had been 
previously arranged to dig for the short period mentioned, all further 
work would, however, have been effectually stopped by heavy rain had 
there been any intention of working for a longer period, for the River 
Brue was overflowing and the adjoining fields were under water. 

The existence of this site has been known since 1895, but the exca- 
vations at Glastonbury being then in progress no systematic examina- 
tion was attempted until this year. With reference to the situation of 
Meare, it may be of interest to those who are not acquainted with the 
locality to give a brief description of it. 

The north-central part of Somerset lies between two nearly parallel 
ranges of hills, the Mendips bordering it along the north-east, with the 
Quantooks to the south-west. The district so enclosed has a coast-line 
of some eighteen to twenty miles, and extends inland for the same 
distance. It is chiefly occupied by low-lying tracts of peat land drained 
by the Rivers Parret and Brue. Some time during its geological 
history this locality was a shallow basin-shaped estuary open to the 
Severn ms,. At a later date the southern or inland poi'tion was shut 
to the sea by the formation of beds of mud and sand, and con- 

sub-Oommittee eoiijsists of the Bev. E. H. Bates Harbin, Rev. 

Tite, Mr. John Morland {Treasurer, Glastonbury), and 
lieairs. Arimr Bnleld and H. St. George Gray (Joint Secretaries). 
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verted into a lagoon, which in more recent times was gradually re- 
placed by a series of extensive meres and swamp. In a.d. 1500 five 
meres still existed, the largest body of water, called * Meare Pool,' 
being at that time five miles in circumference. 

The Lake yillage at Meare lies three miles west of the now fully- 
explored Glastonbury Lake Village, in the peat moor adjoining the 
north margin of a low ridge of ground, formerly an island, on which 
the modem village of Meare now stands, and from 400 to 600 feet 
south of the River Brue. Before the Brue was embanked, and the 



draining of the swamps had been attempted in monastic times, Meare 
Pool was of far greater extent, and included the Lake Village withii# 
the limits, of its south-west border. The Lake Village now stands in 
fertile pasture, the level of the surrounding fields being from 12 to 
14 feet above the mean tide level, and is situated 11 miles south-east 
from the present coast-line at Burnham. The ancient site consists of 
two distinct groups of low circular mounds A and B, separated by a 
level piece of ground from 200 to 300 feet in width. So far as a super- 
ficial survey permits the two settlements appear to consist of about a 
hundred dwellings covering parts of seven fields (not five as formerly 
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stated), and occnpying a tract of land that measures roughly from 1,500 
to 1,600 feet east and west, by from 200 to 250 feet north and south. 
The highest mound measures 4*4 feet above the surface of the sur- 
rounding field-level. The alluvium covering the adjoining fields varies 
from 12 to 30 inches in depth. From borings made this year it was ascer- 
tained that the depth of peat underlying the dwellings varies from 7 to 
11 feet in thickness. Below the peat is a layer of soft grey-coloured 
clay, lying on beds of lias stone. The recent excavations included the 
examination of three dwellings, i.a., Mounds I., II., VI., the partial 
exploration of Mound VII., and the west quarter of Mound V., together 
with the intervening spaces of level ground situated in Field iv. ; also 
the digging of several trenches on the north and south sides of the 
marginal mounds in Field iv., with the object of finding the palisading. 
Although the ground was examined for some 100 feet or more from the 
dwellings, no border-protection was discovered comparable- with that 
which surrounded the Glastonbury Lake Village. 

Mound I. — ^This dwelling, situated in the S.W. quarter of the 
village in Field iv., was 32 feet in diameter N.E. and S.W., with an 
•elevation of 1*84 foot at the centre above the surrounding level ground. 
Its N.W. and W. aspects were incomplete, having been destroyed when 
the boundary-ditch of the field was cut. It was composed of two floors, 
the rnaximum thickness of the clay near the central picket being 2 feet. 
No wall-posts were discovered. The hearth belonging to floor i. was 
incomplete when discovered, and 7 inches below the surface; the 
remaining portion showed that it had been paved with pieces of 
sandstone. Floor ii. had four superimposed hearths, the uppermost 
(hearth ii.) being paved with smaE stones, and the other hearths (iii., 
iv., and v.) with baked clay. 

The substructure consisted of an artificially-placed heap of hard 
dark peat, resting on the bed of the mere. No timber was observed in 
the foundation. 

Mound II. — ^This dwelling-mound, situated in the S.W. quarter of 
the viflage in Field iv., was 20 feet in diameter N. and S., with an 
elevation of 0*98 foot at the centre above the level of the surrounding 
ground. It was joined to Mound I. along the W. margin, and composed 
of two floors, the maximum thickness of the clay near the central picket 
being 14 inches. No wall-posts or hearths were discovered. The substruc- 
ture consisted of a Heap of dark-coloured peat, similar to that under 
Moimd I. The greatest number of relics was found below tKe level of 
the clay floors, and included quantities of pottery, many fragments 
being ornamented. 

• Mound V. — ^The N. and S. diameter of this mound measured 
21 feet, with an elevation of 1*49 foot at the centre above the surround- 
ing field-level. Only a small portion of its W. side was examined, so 
feat a description of its construction and contents cannot be given until 
it has been fuUy explored. 

Mound VI. — ^This small mound, situated N.N.B. of Mound I., was 
in dimeter N.E. and S.W., with an elevation of 0*8 foot above 
fee field-level. Its W. quarter was incomplete, having 

been, mi; in making tSe ■ boundary-ditch of the fieM It 
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was cjomposed' of one floor, the maximum thickness of the clay near 
the central picket being 9 inches. No line of wall-posts or hearths was 
discovered. The substructure was composed of an artificially-placed 
layer of dark peat, with no brushwood or timber. 

Mound VII. {in the last Report provisionally called Mound L ). — 
This dwelling-mound was of large size, with an elevation of 3*45 feet 
at the centre, the N. and S. diameter being 32 feet. It was situated 
in the S.W. quarter of the village in Field iv., and was composed of 
eight floors with thirteen hearths, twelve of which were superimposed. 
The total thickness of the clay was 6 feet. The upper part of the 
mound at the centre was incomplete owing to denudation, and the 
hearths belonging to the upper floors were consequently missing. The 
ground under and surrounding the mound was thicldy covered with 
piles, a large proportion of the posts being split pieces of oak. The sub- 
structure was 2 feet in depth, and composed of brushwood and timber, 
on the surface of which planks of oak were placed at intervals. A 
poition of the N.E. quarter of this mound remains unexplored, and 
will be completed next season. 

The objects found in and around this dwelling were probably more 
numerous than in any dwelling previously explored, and were of an 
exceedingly interesting character. 

The season’s work at Meare Lake Village has been productive of a 
large number of relics, the quarter of an acre examined throwing a 
flood of light on the industries and daily pursuits of the inhabitants of 
this ancient habitation, and revealing more specimens of Late-Oeltic art 
than perhaps the richest quarter of an acre of the neighbouring village 
at Glastonbury. These remains have afforded evidence that the lake- 
dwellers of Meare lived under similar physical conditions and civilisa- 
tion to those of Glastonbury; and although the relics discovered at 
Meare in 1910 are of the same general type as those found in the other 
village, several of the objects cannot be matched among the Late-Celtic 
specimens exhibited in the museum at Glastonbury, 

The Meare Lake Village is not what is sometimes styled an ' archsB- 
ological puzzle,* for its date, or period at any rate, was known from 
the beginning of the investigations. After a few years* work, however, 
the date may be even more clearly defined than in the case of the 
Glastonbury village, which in round numbers may be given as from 
B.o, 200. Some antiquaries are strongly inclined to narrow these 
dates, as no development or improvement in the manufactured articles 
is traceable when comparing objects found on the lowest floors of 
the dwellings, and in the substructure below, with others from the 
upper floors, and from just below the alluvial flood-soil which has accu- 
mulated since the evacuation of the village. At Glastonbury a few 
fragments of Eoman pottery were found on the surface of the mounds 
but below the flood-soil; as yet nothing attributable to the Eomans 
has been found at Meare. 

Numerically the objects of bronze are considerably in excess of those 
of iron, as was the case at Glastonbury also. Lead from theMendip Hills 
is found at Meare in the form of sinkers for fishing-nets, but as yet tin 
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lias nofe been identified. Bronze was worked on the spot, judging from 
the remains of four crucibles found, one being an excellent example of 
the triangular variety with fused bronze still adhering to the inner sur- 
face. The perfect articles of bronze include a fibula of La T6ne III. 
.type with solid catch-plate, a handsome deep finger-ring of one and 
a half turns tapering in both directions and ornamented with longi- 
tudinal grooves, a heavy snake-ring of plain round wire, a bradawl with 
shank of square section for insertion into the handle, a broad needle or 
bodkin, and a harness-ring. In less perfect condition are a pair of 
tweezers, four other finger-rings, a few broken brooches, pieces of 
bordering, and other complete and fragmentary objects. 

Among the remains of iron is a very large heavy ring, having in one 
position a moulded ornament in high relief. One or two awls were 
found, one fixed into its handle of antler, and a gouge used presumably 
in connection with a brace. The peaceful disposition of the lake- 
dwellers at Glastonbury was evidenced by the very small number of 
weapons found. At Meare, however, the ground uncovered has so far 
produced a tanged spear-head and a javelin-head with corrugated blade, 
neither of which is socketed. 

An amber bead was found in 1908, but glass is revealing itself 
more plentifully than at Glastonbury. Eight finds ” were made of 
this material, including a boss or head of a pin, and several beads of 
considerable interest. The lemon-coloured ring-bead is distinctly of La 
Tfene type ; two tiny blue ring-beads were discovered which subsequently 
led to the finding of eight others near by, in perfect condition. Another 
of the beads is of iridescent clear glass, ornamented with spirals of 
opaque yellow glass. A blue bead with three rows of small white 
rings is very beautiful. 

None of the objects of Kimmeridge shale is complete. With the 
exception of a piece of a shale vessel with cordon, all the fragments are 
partB of armlets of various diameters and thickness. Most of the 
specimens bear evidence of the use of the lathe, as indeed some of the 
pottery does also. Little can be said of the earthenware until the large 
quanfity found has been restored. All sizes of vessels are represented, 
from a tiny pot about inch Egh to others over 12 inches. The 
ornamental patterns — curvilinear designs, cross-hatching, dots-and- 
circlea and zigzags predominating — are numerous, and include many 
which cannot be matched from the neighbouring village; although, 
on the other hand, many designs typical of the period are repeated. 
Included among the objects of baked clay are many sling-bullets of 
the usual form (glands). 

Of stone the objects found are also numerous, and comprise a large 
number of querns, mostly of the ‘ saddle-shape,' a grindstone, a large 
circular stone with fiat sunk surface having a beaded edge (which may 
probably have been a mould), various mullers and rubbing-stones, some 
wdl-formed flint scrapers and knives, and a polished neolithic celt of 
igneous stone (probably from Mendip), and probably highly valued as 

iOf’ ^ portions of three skulls and a molar tooth were 

places, and the greater part, of a thigh bone 
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(femur) j bearing evidence not only of having been gnawed and cut, 
but of having been perforated in two places at one end. In the 
Late-Oeltic camp of Hunsbury a human skull was found having three 
circular holes bored on the vertex of the head, and arranged as an 
equilateral triangle. 

The most numerous classes of objects found were the worked animal 
remains — bone, antler, teeth — the latter consisting of perforated canine 
teeth of dog and boars’ tusks. Most of the cut-bone objects are per- 
forated. Worked shoulder-blades of ox and horse are common, one 
found in 1908 being covered with representations of the dot-and-circle 
pattern. Their precise purpose remains to be elucidated, and none 
were found in the Glastonbury village. Bones worked to a point at 
one end are abundant. The polishing or burnishing bones found 
consist of the tarsal bones of ox.. The knobbed pin and needle 
are good examples of their kind. A bone tool has been found, used, 
probably, for ruling double lines in ornamenting pottery. A sickle- 
shaped knife was formed from a rib bone. 

Sawn and polished tines of red-deer antler are common and call 
for no particular comment ; several are perforated. A large antler was 
found with the burr and points of three tines sawn off, the crown 
being detached by knife-cutting. One specially well-cut knife-handle 
of antler has the tang of the iron blade and the rivets still remaining. 

The largest dwelling-mound excavated was undoubtedly a weaving 
establishment, although it is probable, judging from the remains found, 
that other industries also flourished there. The whorls (used in com- 
bination with a wooden spindle for twisting wool or flax into yam) 
are among the objects most frequently unearthed, some being in early 
stages of manufacture ; they are formed of stone, bone, or baked clay. 
Loom-weights of baked clay, mostly of the triangular form for suspen- 
sion, are also found, and a few bone bobbins. 

The large dwelling (Mound YII.) produced no fewer than twenty- 
one weaving-combs of antler, including eight found in the same mound 
in 1908. They are not all complete, but on the whole they form a 
very fine series ; the largest measures 8| inches long. Many of them 
bear evidence of very hard wear, being used, no doubt, for pushing 
heme the weft, or woof, through the warp threads. One is probably 
unique, dentated at both ends and reversible. No dwelling in the 
neighbouring village produced more than nine of these combs. 

The animal remains found this year at Meare are very numerous, 
and include the bones of small ox {bos longifrons)^ small horse,(niostly 
about the size of the New Forest pony), pig, sheep, red-deer, roe-deer, 
dog, beaver, and otter. A number of bird bones have been collected 
which have not yet been identified. Cereals and vegetable products 
were extremely scarce. 

It is hoped that the excavations will be continued from year to year, 
until an exhaustive examination of the whole area has been completed. 
The undertaking is already bearing a varied and prolific harvest of 
archaeological material, and revealing remarkable evidence of the life- 
history and civilisation of the Early Iron Age in Britain. 
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The Age of Stone Girdles— Report of the Committee, consisting of Dr. C. H. 
Eeab {Chairman), Mr. H. Bali’Our {Secretary), Lobd Avebuby, 
Professor W. Eidgeway, Dr. J. 6. Gabson, Dr. A. J. Evans, 
Dr. E. Mtjnbo, Professor Boyd Dawkins, and Mr. A. L. IjEwis, 
appointed to condtiet Explorations with the Object of ascertaining 
the Age of Stone Circles, {Drawn up by the Secretary) 

It was proposed to continue the excavations at Avebury Stone Circle 
during 1910, with a view to supplementing the valuable evidence 
obtained from the excavations of previous years, and for this purpose 
a grant was applied for and allotted. It was subsequently found im- 
possible to enlist the services of Mr. H. Gray for the conduct of 
excavations this year, and it was decided that, as it was desirable that 
the work of continuing the exploration should not be allowed to change 
hands, the renewal of work on this important site should be postponed 
until 1911. Mr. Gray is willing to continue the exploration of Avebury 
Stone Circle under the direction of the Committee, but owing to other 
engagements of a similar nature he was unable to obtain the necessary 
additional leave of absence from the Somersetshire Archseological 
Society, and could not therefore act for the Committee this year. 
Next year his services will again be available during the spring, and 
the Committee would urge that the work should then be renewed. It 
is desirable that as long a time as possible should be assigned to the 
season’s work, since the earthworks are on a very large scale, and the 
amount of silting which must be moved before the bottom of the fosse 
can be reached is very great indeed. The Committee ask to be allowed 
to claim for next year the amount of the grant allotted for 1910, and 
urge that a further grant of 50L be added to this amount in order that 
the excavations may be renewed upon an adequate scale. 


ArchoBohgical and Ethnological InvestigaUons in Sariinia,~Meport of 
the Committee, consisting of Mr. D. G. Hogarth {Ohmrman), 
Professor E, C. Bosanqiiet {Secretary), Drs. T, Ashby^ W, L. H. 
DtJOKwoBTH, and E. C. Shbubsall, and Professor J. L. Mybes. 

Dr. D. Mackenzie reports : * This year’s campaign in Sardinia was 
attended by the singular good fortune that had favoured our ex- 
plorations of former years. Six more dolmen tombs were added to 
our list of four of last year, making ten monuments altogether of 
iixid kind which have been discovered by us. The significance of 
this discovery may be realised from the fact that, previous to our 
researches of last year and this, only one monument of this class 
mm toown in Sardinia— that near Bironi, referred to by Montelius, 
siMa, published by Taramelli. The general scientific result accord!- 
is: 8)^ we now say definitely not only that the great Tombs 
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of the Giants were developed from an earlier type of dolmen tomb, as 
has been conjectured by Montelius and others, but that this develop- 
ment took place on the soil of Sardinia itself. The mysterious civilisa- 
tion of the dolmen people has long been a puzzle to archseologists. We 
can now, however, confidently say that in Sardinia at least this dolmen 
culture represents an early episode in the great Bronze Age civilisation 
of the Nuraghi. 

* A curious circumstance came out in the course of these researches. 
The dolmens in no case showed that juxtaposition to the Nuraghi which 
we had previously found to be so constant a concomitant phenomenon 
in the case of the Tombs of the Giants. One might as well have been in 
Corsica ! And it is well known that in the sister island there are no 
Nuraghi, and that there the dolmen type of tomb survived throughout 
the Bronze Age. 

* The last part of our campaign was devoted to a partial exploration 
of the country to westward of Macomer called Planargia as far as 
Cuglieri and the sea. 

* The Nuraghi in this whole region are of the very greatest import- 
ance, especially from the point of view of their strategic significance. 
They form a regular network as far as the sea, and one can see by study- 
ing their positions of vantage that they are all directly or indirectly in 
signalling communication with each other. They are, as Mr. Newton 
has well remarked, regular block-houses which might very well be 
compared with those which have performed so prominent a part in 
modem warfare, as, for example, in the final stages of the Transvaal 
war.’ 

The Committee have also received from Dr. Duckworth a summary 
of a critical study of Sardinian craniology-, which the author hopes to 
publish in extenso during the coming year. 


Ethnographic Survey of Canada, — Beport of the Committee, consisting 
of Eev. Dr. G. Bryce [Chairman), Mr. E. S. Hartland [Secre- 
tary), Dr. P. H. Bryce, Mr. C. Hill-Tout, Dr. B. Sulter, 
Professor J. L. Myres, Dr. A, C. Haddon, Dr. F. C. Shrubsall, 
Professor H. Montgomery, Mr. A. F. Hunter, Dr. J. Maclean, 
and the Hon. David Laird. 

After the appointment of the Committee in Ethnology, the Chairman, 
being a Councillor of the Archaeological Institute of America, attended 
in December a meeting of the Institute in Baltimore, Maryland. 
This Institute has a Canadian Section. During the meeting he suc- 
ceeded in getting a strong resolution passed supporting the action of 
the British Association in favour of the establishment of a Department 
of Ethnology at Ottawa, 

As President of the Royal Society of Canada, the Convener suc- 
ceeded in getting further co-operation from the Royal Society as well. 
The Chairman being in Ottawa during the meeting of the Dominion 



266 


REPORTS ON THE STATE OE SCIENCE, 


Parliament in March and April called together such members as could 
be reached, viz. : — 

Dr. George Bryce, Chairman, 

BriUsh AssocidRon: Dr. Benjamin Suiter, Director Brook, Dr. P. 
H. Bryce, and Dr. Eobert Bell- 

ArchcBological Institnie : Principal Peterson and Professor 
McNaughton, of Montreal; Chief Justice Fitzpatrick, Ottawa; Mr. J. 
Learmont, Montreal; and Professor Johnson, of Toronto. 

Royal Society: Sir Sandford Fleming, Dr. W. D. Le Sueur, and 
Dr. Benjamin Suiter. 

The Committee waited, by appointment, on Sir Wilfrid Laurier and 
Hon. W. Templeman, Minister of Inland Eevenue. 

Sir Wilfrid Laurier graciously received the Committee, and after 
a full interview promised to give favourable consideration to the request. 
The Chairman watched over the matter further, and co-operated with 
the Director of the Geological Survey. 

It was finally decided to establish a Department of Ethnology under 
the Geological Survey. 

Two sums for the year were added to the Supplementary Estimates 
of the House of Commons — ^viz., one of 420Z. sterling, and the other of 
400Z. sterling, the former to pay the salary of an Ethnologist, the latter 
for the working of the department. The Geological Department has 
had already packed away 3,000Z. sterling worth of most valuable ethno- 
logical material, chiefly from British Columbia. 

During the coming autumn it is expected that the large National 
Museum Building in Ottawa, which has been under erection for several 
years, and is now virtually completed, will be opened, and the Ethno- 
logical Department will be installed there and be in operation during 
the coming winter. 

It will be satisfactory to the British Association to know that an 
appointment has virtually been made of a competent, well-trained 
ethnologist, who is thoroughly acquainted with American ethnology 
pd archaeology, and who will take charge in October, The appointee 
is a young man and fuH of zeal. 

All Canadians feel grateful for the action of initiative taken in this 
matter by the British Association at its meeting in Winnipeg. 


Notes and Queries in Anthropology, — Report of the Committee, consist- 
ing of Dr. C. H. Eeab {Chairman), Professor J. L. Myres (Secre- 
tary), Mr. E. N. Fallaize, Dr. A. C. Haddoit, Mr. T. A. Joyce, 
and Drs. 0. S. Myebs, W. H. E. Eivers, C. G. Seligmank, and 
F. C. Shbubsall, appointed to prepare a New Edition of Notes and 
Queries in Anthropology. 

The Committee report that the preparation of the new edition of 
* Anthppolc^cal No'tes and Queries ’ is nearly completed, and that the 
vblui^e may be expected to appear in the course of the coming winter. 
The ask'lo he reappointed, with the balance in hand. 
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The Estahlishnent of a System of Measuring Menial Gharacters , — 
Report of the Committee consisting of Dr. W. McDougall 
{Chairman), Mr. J. Gray {Secretary), Mr. W. Brown, Miss Cooper, 
Dr. C. W. Kimmins, Dr. C. S. Myers, Dr. W. H. E. Eivers, 
Dr. W. G. Smith, Dr. C. Spearman, and Mr. W. H. Winch. 

The object of the work of the Committee during the past year has been 
to draw up a standard list of mental tests for use in schools and ‘else- 
where. Considerable progress has been made, though the Committee 
are not yet in a position to publish any of their results, as it is necessary 
to undertake special researches in order to establish the value and 
special applicability of some of the tests. 

Two meetings of the Committee have been held, and the Chairman 
has drawn up a memorandum and list of tests which has been sent 
round to other members of the Committee for suggestions. 

As the Committee propose to make observations with the tests in 
schools, a certain amount of expenditure in printing cards, &c., will 
be necessary. The Committee therefor© ask to be reappointed with 
a grant of 6L 


The DMless Glands, ~Report of the GommUtee, consisting of Professor 

Schafer {Chairman), Professor Swale Vincent {Secretary), 
Professor A. B. Macallum, Dr. L. E. Shore, and Mrs. W. H. 

Thompson. {Drawn up by the Secretary.) 

Mbs. Thompson has continued her work on the comparative anatomy 
and histology of the thyroids and parathyroids and some related struc- 
tures. The results will be published shortly in the * Phil. Trans.' of 
the Boyal Society. 

The Secretary has been investigating the distribution and micros 
scopic anatomy of the chromaphil tissues in mammals, especially in 
the dog. The results will be published shortly in the ' Proceedings ' of 
the Eoyal Society. 

Drs. Gardner and Mothersill have been engaged upon a series of 
experiments devised to ascertain what changes, if any, occur in the 
chromaphil tissues after extirpation of, or damage to, the adrenal 
bodies. 

Mr. Heddesheimer is studying the distribution and structure oC 
accessory cortical adrenal bodies in mammals. 

Dr. Halpenny is continuing his investigations upon the thyroid and 
parathyroids, and, in conjunction with Mrs. Thompson, has recently 
published an account of changes in the latter glandules after removal 
of the thyroid. (* Anat. Anz.’) 

The Committee ask to be reappointed with a grant of 45L 
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AncBstlietics. — Second Interim Report of the Committee, consisting of 
Dr. A. D. Waller (Chairman), Dr. F. W. Hewitt (Secretary), 
Dr. Blumfeld, Mr. J. A. Gardner, and Dr. G. A. Buokmaster^ 
appointed to acquire further knowledge, Clinical and Experimental, 
concerning Ancesthetics — especially Chloroform, Ether, and Alcohol 
— with Special Reference to Deaths hy or during Ancesthesia, and 
their possible Diminution, 

[Plates IV., V., and VI.] 

APPENDIX PAOES 

I. On the Principlea of Anmtheaia hy JSiJier Vapour. By Dr. A. D. Waller . 270 

II. On ihe Mate of Asaumption of Chloroform hy the Mlood; and pie Perceniagea 
of Chloroform found in the Blood of Cata at the Aaphyxial Point, using 
different Strengths of Chloroform-Air Mixture. By Dr. G. A. Buck- 

master and ALp. J. A. Gardner . 275 

III. The Influence of Oxygen upon the Anmthetic Effect of Chloroform. By 

F. W. Hewitt, M.A., M.D., and A. D. Waller, M.D., F.R.S. . . 278 

The Committee have held seven laboratory meetings during the past 
year, at which apparatus for the graduated administration of chloroform 
and of ether has been examined and discussed, and experiments made 
therewith upon animals. In addition to such formal experiments in 
presence of the full Committee, many additional experiments have been 
made and reported to the Committee : — 

1. On the graduated administration of chloroform vapour. 

2. On the graduated administration of ether vapour. 

3. On the effects upon the course of anaesthesia of diminution and 
augmentation of the percentage of oxygen in the inspired atmosphere. 

4. On the amounts of chloroform present in the blood and in the 
nervous system of man and of animals after death under chloroform. 

These several subjects will be reported upon in due course. They 
have involved an amount of detailed work that causes the Committee to 
state that their work could be considerably forwarded if an assistant 
devoting his whole time to the matter could be engaged. 

The Committee, after consideration of several forms of apparatus 
designed for the graduated administration of chloroform, and after 
adequate experience of the use of the chloroform-balance for the 
anaesthesia of animals, believe that this apparatus can be usefully 
employed in the hospital. They have taken preliminary steps towards 
bringing the apparatus into a form suitable for this purpose, and they 
hope that it will shortly be set in operation at St. George^s Hospital, 
under the supervision of Dr. Hewitt. 

The principle of this apparatus and its application in the laboratory 
are described by Dr. Waller in Appendix II, of the Interim Eeport of 
the Committee of last year.^ 

The apparatus fulfils what has been recognised by the Committee as 
the most important indication necessary for safe anaesthesia, viz., the 

1 Brit. Aaacc, Report, Winnipeg, 1909, p, 303. 
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uniform, continuous, and regulated administration of chloroform vapour 
between the limits of 1 and 2 per cent. 

The Committee find that the most convenient and reliable method 
of ascertaining the percentage of chlorofoi-m in air consists in directly 
ascertaining on a balance the difierence of weight between two identical 
counterpoised bulbs, A filled with air, B filled with the mixture to be 
titrated. 

As regards the production of ansesthesia by ether vapour, the Com- 
mittee are of opinion that the clinical experience obtained with an 
unknown percentage of ether vapour requires to be complemented by 
the scientific knowledge of the percentages of ether and air that may be 
necessary and sufficient. It has initiated experiments upon animals, 
from which the provisional conclusion is drawn that a mixture composed 
of approximately one volume of ether vapour and nine volumes of air 
should be safe and sufficient for the production of surgical anaesthesia. 

Comparative experiments have been undertaken for the Committee 
by Drs. Veley and Waller during the past year on local anaesthetics. 
The first results have been published in the Proceedings of the Eoyal 
Society ^ on the comparative action of stovaine and cocaine as measured 
by their direct effect upon the contractility of isolated muscle. Further 
observations have been made by Dr. Veley and Mr. Symes on the effects 
of stovaine and cocaine, the results of which will, it is hoped, shortly 
be published. 

Dr. Buckmaster and Mr. Gardner have pursued their investigation 
on ‘ The Bate of Assumption of Chloroform by the Blood ' (Appen- 
dix II.), and, arising out of this investigation, have undertaken an 
elaborate examination into the blood-gases, the results of which will 
be published in due course. 

Drs. Hewitt and Waller (Appendix III.) bring forward definite 
experimental evidence that the effect of chloroform is aggravated by 
sub-oxygenation, and attenuated by hyper-oxygenation. 

The Committee have co-opted Dr. V. H. Veley as a member, and 
ask to be reappointed. The work contemplated for the ensuing year 
comprises : — 

1. Oil ike clinical side: the practical application to hospital purposes 
of the chloroform-balance. 

2. On ihe scientific side: the further study of the distribution of 
chloroform in the blood and tissues during life and after death, and of 
the comparative power of various local anaesthetics. 

In conclusion, the Committee think fit to call attention to the fact 
that the importance of the questions involved is such that during the 
past year resolutions have been adopted by the General Medical Council 
and by the Council of the British Medical Association in support of early 
legislation to secure better regulation of the administration of general 
anaesthetics, and that the recent report ^ of a Departmental Committee 
of the Home Office lays special stress upon the need of careful clinical 
observation controlled by physiological experiments. 

* B, vol. Ixxxii., p. 147, 1909, 

Report of Inquiry into the Question of Deaths resulting from the Administration 
of Anaesthetics. Presented to Parliament by command of his Majesty, March 18, 1910. 

1910. T 
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APPENDIX L 

Ofi the Principles of Anmihesia by Ether Vapour, 

By Dr. A. D. Wallek. 

During recent years, in consequence of serious misgivings relating to 
the safety of chloroform as ordinarily administered, and of the good results 
of ether reported from the United States, many anesthetists in this 
country and on the Continent have been led to adopt ansesthesia by ethei*, 
administered by what is termed the open method. * Open ether ’ was an 
expression frequently employed in this connection at the recent dis- 
cussion on ansesthetics that took place at the last meeting of the British 
Medical Association, and it is necessary in the first instance to under- 
above the face, and brought gradually quite close. But it can also be 
‘ Open ether ’ implies, I understand, any method by which the patient is 
not made to breathe and re-breathe the same mixture of air, ether, and 
accumulating carbon dioxide. It may be effected, as is the Boston pi^ac- 
tice, by means of a mask saturated with liquid ether, held at a distance 
above the face, and brought gradually quite close. But it can also be 
effected by a closed face-piece through which an ether-air mixture of 
required strength is supplied on the plenum system. In this case the 
fit of the face-piece is of set purpose incomplete, there being on the 
plenum system an excess of mixture supplied, which carries away with 
its overflow the products of expiration. The imperfection of closure 
can, if preferred, be secured by an actual orifice guarded by an expiration 
valve. 

The factor of primary importance in anassthesia by ether, as in 
ansBStliesia by chloroform, is quantity — i.a., the percentage of ether in 
the ether-and-air mixture offered to inspiration. 1 find as the general 
result of prolonged trials, conducted in various ways — (1) that the 
physiological power of chloroform is six to eight times that of ether, 
or, as I expressed it for the sake of clearness some years ago, that — 

OMoirof ona _ 7 . 

Ether 1 * 

(2) that whereas chlorofox'm-and-^air should be maintained at between 
1 and 2 per 100, ether-and-air is required at between 8 and 16 per 100 
for the production and maintenance of satisfactory ansesthesia. 

Chloroform is par excellence the powerful ansesthetic, It is easy 
to deliver chloroform-and-air continuously at 1 and 2 per 100 or more. 
And by reason of this facility chloroform anaesthesia, unless great care 
be observed, is dangerous to life. 

Ether is par excellence the safe anaesthetic. It is comparatively 
difficult to deliver ether-and-air continuously at 8 to 16 per 100 ; and by 
reason of this difficulty ether anaesthesia is more troublesome, the ■ 
trouble being to give enough ether. 

» A fortiori it is difficult to give too much ether, while it is only too 
easy io give too much chloroform. 

. * Opu e&er/ in any strict sense of the term, is all but an impos- 
sibility wlfe tiie usual methods of administotion by cone or mask, 
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because, in order to secure an effective percentage of, say, 10 to 15 per 
cent., the mask must of necessity be almost quite closely applied, 

Open ether on the plenum system, by delivery in excess of ether-and- 
air mixture of known percentage, has not, as far as I know, been applied 
to the human subject. From my experience of ether upon animals 
at 8 to 16 per cent., as compared with chloroform at 1 to 2 per cent., 

I do not think that anaesthesia by ether under the best conditions is 
preferable to anaesthesia by chloroform under the best conditions. 

In the laboratory, where it is possible to employ ether or chloroform 
under the best conditions, while there is no particular difficulty in the 
way of anaesthesia by ether, there is also no particular reason for 
employing ether in preference to chloroform, because the dangers at- 
tendant upon the ordinaiy use of chloroform in hospital and in private 
practice are not encountered in the laboratory, where the chloroform 
percentage is regularly under control. 

If chloroform were found to be dangerous in the laboratory I should 
employ ether. And since chloroform is found to be dangerous in tlie 
hospital to such a degree that ether, in spite of its drawbacks, is largely 
employed in its stead, I find it necessary to describe what in my labora- 
tory experience has proved to be the best way of administering ether. 

The first principle regulating the administration of ether in the 
laboratory is the same as it is in the case of chloroform. We require, 
above all, to know from moment to moment how much ether is offered 
to inspiration. Admitting, as having been ascertained by previous study, 
that the percentage of ether should be between 8 and 16 per 100 in air, 
there is no difficulty in the lahoraiory in securing this indication. 

The apparatus described in Appendix 11. of last year's Eeport under 
the name of 'the chloroform-halmce* is converted into an ether-balance 
by two or three simple modifications: — 

1. The closed glass bulb which rises and falls with increasing 
density of the anaesthetic mixture is taken of smaller capacity than for 
the case of chloroform, by reason of the higher percentages of ether 
required; 250 c.c. is a convenient size of bulb for an ether-balance. 

2. The scale behind the pointer is calibrated for ether instead of 
for chloroform. The graduation is marked 8, 16, and 24 per cent., to 
correspond with a chloroform graduation of 1, 2, and 3 per 100. The 
woi’king zone for ether is between 8 per cent, and 16 per cent., cor- 
responding with the working zone of 1 per cent, and 2 per cent, for 
chloroform.^ 

1 The calibration of an ether-balance , — Taking (at 0 and 760 mm. Hg) as the 
weight of a litre of ether vapour 3*308 grams 
of air „ 

the difference is 2*020 „ 

so that in a litre flask 1 per cent, of ether vapour, or 10 o.c., is indicated by a weight 
of 20*20 milligrammes 

1 milligramme indicates, therefore, per cent. 

20*2 


or any percentege P = milligrammes. 


X 2 
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3 The flask or bottle containing liquid ether to be vaporieed by the 
cJeJot S should be double, and provided with taps f lowing the 
air to be driven into the balance-case, througti either bottle alone oi 

If, instead of 1,000 c.o., the flask (or bulb) measures v c.c. 
p J?L X — . 

20-2 V 

If the temperature is T instead of 0® (273 abs.)> 
m ^ 1000 

V 273 

If the barometer is B instead of 760 mm. Hg; 


P = 


m 


^ 1000 ^ T 760 
^ — ^ 275 ^~B 


log P = log m -1- log 1000 -f log T -f log 760 

— log 20-2 — log o — log 273 — log B 
= log « -h 3 -1- log T + 2’8808 

— 1-3054 - log » — 2-4362 - log B 

“ log p = 2-1392 4- log m — log » -h log T — log B . . . (1) 

■Rv means of tins formula it is easy, if required, to oor^t ridings for temperature 
and TOBSsure or to oaldulate what volume v must be given to a bulb “ order to 
afford convenient scale readings at average temperature and pressure. Taking those 
as being 18° and 760 mm., the formula becomes 

log P = 2-1392 4- log ?» — log V + log (273 4 - 18) — log 760 

= 1-7223 4 - log m — log (2) 

The application of this simpUBed formula is best illustrated by examples 

0,Lo^ion. —What should be the capacity « of a bulb to indicate ^te per cent, of 
ethet^^utigramme increments of weight at normal temperature (18 ) and pressure 
{760mm.Hg)? 

Anmer.- log 1 - 1-7223 + log 10 - log v 
or log V == 2*7223 

or w == 516*6 c.c. 

n —What is the weight m indicating 8 per cent, of ether with a bulb of a 

capS = ““‘‘I temperature (18^) and pressure (760 mm. Hg) J 

Answer— log 8 = 1-7223 4- log w - log 230 

0-9031 = 1-7223 4- log »» — 2-3617 
log m = 1-5425 
jn= 34-87 

The analogous formulae for omoBorosM— 1, for correction of readings ; 2, for 
ofdoulaaon of « and m at average temperature and pressure— are 




log P = 1-8377 4- log «i - log V 4- log T ■ 
log P = 1-4208 4- log i» — log » 


-logB 


( 1 ) 

( 2 ) 


ihe iifa-> .wAinbt difference between ether-and-air (2-020) is almost exactly half 
^loform-and-air (4-045). So that a given bulb graduated for 
Ss*«miBs mBtspercent.is graduated for ether m double unite per cent., and 
foc^piaolaMl purposes tiw same bulb and balance can be used for ether and for 
<dilaicionD. 
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through both bottles in series. The reason for this is the rapid lowering 
of temperature due to rapid evaporation. For the same^ reason the 
bottles are surrounded by a warm water-jacket. In this form the 
apparatus has proved to be capable of affording a continuous stream 
of ether-and-air at percentages from 8 to 24 at the rate of 5 to 10 
litres per minute — i.e., sufficient for laboratory purposes, and in all 
probability sufficient for clinical use. The supply of ether vapour at 
known and controllable percentage is ample for anaesthesia in the 
laboratory, and sufficient to demonstrate there the fatal effects of over- 
dose by ether in comparison with overdosage by chloroform. In this 
particular the effect of a 24 per cent, ether mixture is approximately 
equal to that of a 3 per cent, chloroform mixture. But clinically 
employed there is little chance of overdosage by ether, of which the 
characteristic advantage, and drawback, is that it can be used as clumsily 
as possible with little risk of misadventure other than an imperfect 


Units per cent, indicated by a given bulb on a cbloroform scale are to be 
doubled if the bulb is used to indicate ether percentage. 



Fig. 1. — Graphic record of the chloroform percentage at which anaesthesia was 
induced. The anaesthesia was complete at the end of 11 minutes at slightly 
above 3 per cent. The percentage was then reduced in steps to 2 per cent., 1 per 
cent,, and below. Subsequently anaesthesia was maintained at about this per- 
centage for six hours. 



Fig. 2. — Graphic record of the ether percentage at which anaesthesia was produced. 
The percentage of ether was raised in three steps to 8, 16, and 24 per cent. 
Anaesthesia was complete at the end of 15 minutes at the point marked The 
percentage was maintained at 24 for a further 10 minutes to the point marked * 
when respiration ceased and the balance-case was opened so that the indicator 
fell to zero. 

The chloroform scale 1, 2, 3 per cent, is at the same time an '’ether scale 
2, 4, 6 per cent. But since we require for ether a scale indicating up to a value of 
20 to 25 per cent., it is convenient to use a smaller bulb for ether than for chloroform 
to obtain indications mthin such a wide range. Obviously, halving the volume of 
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ansestliesia. Skilfully employed, as is the practice at the Massachusetts 
General Hospital, perfect ansesthesia is regularly secured, but by an 
application of the mask so close and confined that the phrase * open 
ether ’ is no longer properly applicable. 

Skilfully employed, as might be the case if the use of the ether- 
balance were extended from the laboi*atory to the hospital, it would, I 
venture to think, be very quickly discovered in the hospital, as it has 
been in the laboratory, from comparative observations of the use of 
ether and of chloroform under similar and known conditions, that 
chloroform under such conditions is as safe as ether and more easily 
taanaged. 

Therefore, although I am convinced that the * ether-balance ^ could 
be employed in the hospital as effectively as it can be employed in the 
laboratory, I do not recommend it as a hospital apparatus^ Any 
ansBsthetist acquainted with the quantitative principles and use of an 
ether-balance would necessarily be acquainted with the quantitative 
principles and use of a chloroform-balance. No one, I imagine, familiar 
with both instruments could fail to prefer the latter. And my principal 
reason for describing the ether-balance has been that the description 
involves considerations that are equally applicable to the chloroform- 
balance, which, in my opinion, is equally safe and more serviceable. 

No instrument for the accurate administration of anaesthetics will 
ever be devised that can dispense with the exercise of skill and judg- 
ment. It requires some little skill to use a balance properly. Judg- 
ment and experience are in any case, whether measuring instruments 
be used or not, the necessary guide as to how much, and at what rate 
and at what strength, an anaesthetic vapour must be exhibited to 
different persons under different conditions. By reason of their 
physical and physiological qualities it has come about that chloroform 

tlie btdb doubles the value of the indications of any given scale, and halving again 
doubles i^ain. Thus 

•with a bulb=s800 c.c, the chloroform scale is 1, 2, 3 per cent. 

* „ „ the ether scale is 2, 4, 6 „ 

•with a bulb— 400 c.c. tbe chloroform soale is 2, 4, 6 „ 

„ „ the ether soale is 4, 8, 12 „ 

with a bulb =200 o.c. the chloroform soale is 4, 8, 12 „ 

„ „ the ether scale Is 8, 16, 24 „ 
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is regarded as more dangerous than ether. I have attempted in this 
report to indicate the precise reason of the difference. And in conclu- 
sion, in order to illustrate the point that it is useless to compare drugs 
without reference to their quantities, I give two records. One, of the 
first twenty-five minutes of a chloroform anaesthesia in which the per- 
centage was raised for a few minutes up to 3 per cent., then dropped to 
2, 1*6, 1, and 0'5 per cent, (and subsequently kept up for six hours at 
below 1 per cent.); the second, of an ether anaesthesia at 24 per cent., 
in which respiration ceased at the end of twenty-five minutes. 


^ APPENDIX II. 

On the Rate of Assuvipiion of Chloroform hij the Blood; and the Per- 
centages of Chloroform found in the Blood of Cats at the Asphyxial 
Point, using different Strengths of Chloroform-Air Mixture. By 
Dr. G. A. Buckmaster and Mr. J. A. Gardner. 

In our last report we brought forward evidence to show that the 
chloroform content of the blood rises in the initial stages of anaesthesia 
with great rapidity to a value which approaches a maximum. During 
this period the quantity of chloroform in the blood appears to afiect 
particularly the respiratory centres, so that breathing becomes slower 
and often ceases during the first few minutes of anaesthesia, and it may 
be necessary to resort to artificial respiration in order to prevent the 
animal dying. The cessation or slowing of respiration at this stage is 
most liable to occur with high percentages of chloroform — i.e., above 
2 per cent. Thus a definite d'anger-point occurs in the first few 
minutes of anaesthesia, owing to paralysis of the respiratory ner\x>us 
mechanism. The steepness of the curve representing the initial rise 
of chloroform in the blood is also increased by increasing the strength 
of the chloroform-air mixture inhaled. If the animal naturally passes 
this stage, and is restored either by stopping the chloroform inhalation or 
by artificial respiration, then, on continuing the aneesthetic, the amount of 
chloroform in the blood quickly rises again towards a maximum value. 
An equilibrium between the pressures which determine the amount 
of chloroform in the blood subsequently appears to be obtained, the 
processes of intake and output at the surface of the lung going on side by 
side. This state of equilibrium is reached and may persist for a con- 
siderable length of time. During this period the animal can always 
be killed by chloroform, even though the percentage of chloroform in 
the blood rises only very slowly. We would emphasise the point that 
while the absolute difference between the amounts of chloroform in the 
blood throughout this ansesfhetic stage and that present at death is very 
small — e.g., 20 mg. per 100 compared with 45 mg. per 100 — ^the 
relative difference is considerable — i.a., more than double. 
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Further evidence on these points is given by the experiments 
recorded in the following tables : — 


Bate of Assumption of Chloroform hy the Blood, Prior Anmthetic — OBG\f 

Administered from Bags and Tested ly Densimetry, 


Experiment 1. — CHCIg 2 per cent., from bag : — 


Time in 

CHOla per cent. 

min. 

of blood 


0 

*0198 


10 

•0266 


20 

‘0300 


30 



40 

*0400 


50 

•0430 

asphyxia. 

Experiment 2.— CHClu, from bag as 

before : — 


2 

•0056 


3 

•0078 


6 

•0167 


11 

•0193 


16 

•0300 


30 

•0250 


40 

•0326 


50 

•0460 


60 

•0290 


70 

•0430 


80 

•0510 

asphyxia, 


Experiment S, — CHClg 2 per cent., from special Woulff bottle at constant tempera- 
^re, and freq^uently tested by densimetry : — 


1 

•0130 

reap. 180 

3 

•0247 

resp. 91 

6 

•0236 

reap, 77 

10 

•0340 

16 

•0220 


20 

•0310 


30 

•0320 


40 

•0460 


60 

•0380 


81 

•0470 


93 

•0510 

asphyxia. 


Ex^riment 4.— OHCla, given by bottle as before, and frequently tested : 3-4 ner 
cent, all tne time ; — * * 



1 

3 

6 

10 

15 

20 

30 

40 

50 

55 

58 


•0498 

animal stopped breathing, 
then slow breathing, and 
recovered itself without 
cessation of OHCh. 

•0520, 

•0600 

•0620 breathing regular * ar'^ 
•0610 ( steady. 

•0650 

■0660^ 

*0650 asphyxia. 


•0660 

•0366 

•0378 
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Experiment 6 . — ^In which successively increasing amounts of CHCI 3 were given 
from tested bags : — 

OHCI 3 2 per cent. 

3 


4*5 


4 

•0167 


15 

•0220 


I5i 

*0370 


23 



23} 



32 

*0399 


46 

•0620 

asphyxia. 

f animal allowed to recover 


.0610 • 

1 partially, then killed by 
air bubbled through 



1 CHCI 3 . 


Experiment 6 . — Instance of a troublesome animal that kept ceasing to breathe 
and had abnormal and varying type of respirations and unusual twitchings : — 

GHCls per cent, 
of blood. 

*0120 
•0220 

*0310 (near asphyxial point). 

r animal brought round arti- 
*0280 '! ficially and killed by 4*5 
per cent, in 11 minutes. 


CHOls 

bags changed to 


Time in 
min. 

2 per cent. 7 

26 

3 „ 41 


E&riea of Data as to the Amount of Chloroform in the Blood at the Asphyxial 
Point under Various Percentages of Chloroform Inspiredi 

1. Experiments in which asphyxia was rapidly reached — ^within 
fifteen minutes, and before any equilibrium had been reached. * Early 
asphyxia’: — 


Average of 

Inspired air, 
chloroform 

Mgms. of 

Limits in 

number 

per 100 gms. 

extreme 

of experiments ^ 

per cent. 

of blood 

experiments 

7 

3-4 

48 

26-63 

3 

4-6 

38 

37-43 

2 

6 

40 

40-41 

2. Experiments 
been established. ' 

in which asphyxia occurred after equilibrium 
Lafe asphyxia ’ : — 

16 

about 2 

46 

36-65 

7 

3 

52 

42—61 

6 

3*5 

49 

4^7 

3 

4 

63 

44-68 

2 

“ 4-6 

69 

41-77 


From the data given, which obviously are as yet insufficient to 
warrant a precise conclusion, it is clear that the differences in experi- 
ments as regards the chloroform percentage in inspired air are so great 
that it is difficult to assign a value to the relation. Nevertheless, there 
is on the whole at the asphyxial point an augmented percentage of 
chloroform in blood with augmented percentage in inspired air. 

Without laying undue stress upon the results of individual experi- 
ments, we may give the following diagram to illustrate the actual 
percentages found in the blood of two different animals anaesthetised 
by chloroform at between 3 and 4 per cent, and at about 2 per cent, 



278 


RBPOKTS ON THE STATE OP SCIENCE. 


4 



Plotted curve of the amount of cbloroformfouudin the blood of two cats during the 
drst hour of administration of chloroform at between 3 and 4 per 100 and at i^out 
2 per cent, respectively as detwmined by densimetiy. 

APPENDIX III. 

The Influence of Oxygen upon the Anesthetic Effect of Chloroform. 
ByE. W. Hewitt, M.A., M.D., and A. D. Waller, M.D., F,R.S, 

The iE-ei^ects of chloroform sometimes encountered in practice, 
referable to a state of sub-oxygenation, and the considerable 
measure of success that the Eoth-Drager apparatus^ has met with 
in Germany, as well as the definite evidence of the beneficial effect 
of oxygen inhalation that has been brought .forward by Leonard 
Hill, have induced us to make careful experiments under strict labora- 
to^ conditions as to the oomplrative effects of chloroform with de- 
. ficiency and With excess of in the dilu^ air. 

" ' ' Tt^^'first an ■'unlimited supply of chloro- 
form of te^ilely Indwh constant percentage, whether in air 

in air phis or m^$ a given proportion of oxygen — is fulfilled by the 
chloroform balance far more effectively and conveniently than is possible 
in any other manner. The slight correction of graduation rendered 
necessary by the fact that the density of mixture is slightly altered by 
the variation of oxygen is easily corrected by means of a light rider on 
the counterpoise side of the beam. 

This automatic correction of zero requires no calculation, and the 
correction within the scale itself is practically negligible. With the 
three mixtures we have employed— viz. , oxygen 7 per cent. , 21 per cent. , 
and S7 per cent. — ^the wei^t-difierences at the two extremes do not 
exceed \ per 1,000 and 1 per 100 respectively. 

. . ^ ^ Kie^eat advantage of possessmg this guarantee of the constancy of 
^^^Aoxqform percentage during prolonged experiments, as compared with 
offer^ by any fixed instrumental graduation, or even by 
of mixture occasionally sampled more or less accurately 

' '■ ^ ^is apparatus Was examined and reported on, six years ago, by 

'■ Deoember 24, 1904, p, 1687. 
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by a laborious chemi-cal analysis, consists in the feeling of certainty 
that irregularities of results, if present, are not due to instrumental irre- 
gularities of quantity, but are in reality the expression of physiological 
differences. As a matter of fact, however, under these conditions, 
where there is no irregularity of chloroform percentage, there is a 
i’emarkable regula'^^'ty of physiological effects, 

A comparatively small number of experiments in which the chloro- 
fonn percentage has been maintained scrupulously constant at, say, 
2 per cent., while the oxygen percentage has been taken at and below 
and above the normal — e.g,, at 7 per cent., at 21 per cent., and at 
97 per cent.^ — enables us therefore to conclude with certainty that the 
intensity of the chloroforai effect is greater than normal at a lower 
percentage of oxygen, less than normal at a higher percentage of 
oxygen. The following experiments and records are given as being 
representative : — 

Expeririunt 1, April 29. — To demonstrate the effect of excess and 
deficiency of oxygen upon ansesthesia by chloroform vapour at 2 per 
cent. 

^ Cat, 3’2 kilos., anssthetised under a bell-jar by ether at an unknown 
(high) percentage, subsequently maintained in anaesthesia of vari4>l^ 
depth by inhalations of chloroform at 2 per cent, as indicated in the 
protocol. Each period of anaesthesia lasted for five minutes. The 
depth of anaesthesia was gauged by the corneal reflex, which was more 
or less brisk at the outset of each period, and more or less completely 
abolished at the end of the period. When necessary the anaesthesia was 
maiiitained by a sufficient amount of ether vapour. 


Timo. 
0 tain. 
14 „ 


by etbw, 
rraoheotoiny nii4er 
etber cannula in 
carotid 


Blood pressure 


Bespiration 


Obmealreflex 
at the end of 
each period 
ofOHOl* 




6Sto 60 
67 to 73 
SOto 
(Fig. 7) 103 to 107 
138 to 138 
ISO to 141 
(Fig. 8) 148 to US 
168 to ISO 

180 to 183 


% % 
OHOla 3, Oxygen 06 


Fall from 160 to 100 min. Hg 
„ 160 to 76 „ 

„ 180 to 60 „ 

„ 140 to ISO „ 

H 140 to 60 „ 

. M unaltered „ i 
Z ,180 to 40 n 

( 16 

30 . Fai frimWti ' Kam. Eg ‘ , Arrest ..aaed diatB 


No diminution 
Diminution 
Arrest 

Slight diminution 
Arrest 
Unaltered 
Arrest 
Dto^sbed 


Diminished 

Abolished 

Diminished 

Abolished 

Unaltered 

AboH^ed 



It is clear from i&is protocol 
larly greater and smaller witli ; 
as gauged by tlje fall of blobd | , 
the abolition cMf the coimeal refiex. 
timate to infeS* that und« such 
antagonistic to that of chloHrform. 


and 

it appears to be 
o<«ttditioas oxygen has an infithwoe 
This counteraction appears to bold 


good for the higher and inwe dangerous pementages Of chloroftroi, as 
mdioated by the bsxt ^srim^nt, , ' 


* Brin’s oyUodws of oxygen. aocoEding to Ifr. hare 97 pes (wt» of 

0 * 7 , 8 ^ anri 8 per o^, of nitrogen. Wi& 2 pw o^t. of <Ailorofonn the oxyg^ 
pereentoge ■sriiili S^’s oxygen is ein^<^^ is ap^xima-toly 96 per cent. 
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Experiment 2, June 3. — ^To demonstrate that it is easier to kill by 
chloroform- and-air than by chloroform-and-oxygen. Oat, 2*2 kilos., 
anaesthesia in bell-jar by CHCh, 2 per cent, at 4*61, Cannulm in 
trachea and carotid at 5*14. Anesthetic mixtures of (1) cliloroforni- 
and-oxygen, (2) chloroform-and-air inspired by animal from balance- 
case through a Ohauvean's cannula. 

Blood proseuro 

6*16 (25th min.) CHOls 3% + Oxygen 95 % X25 mm. Hg. 

N on. f Corneal retlex 1 . 


5 20 (29th 

5-21 (30th 
5*22 (Blst 

5- 23 (32nd 
6'24 

l5'25 (34th 

1 5- 26 (36th ‘ 

16- «7 (36th, 
5*28(aTfch , 

6- 29 (38th , 


6'30(39th „ )• 

6-81 (40th „ ) 
6-32 (41st „ ) 
6 33 (42nd „ ) 


Qo/ I Oorneal retlex 
abolished 

4% 

4% 

6% 

6 % 

gQ. f Respiration 1 
diminished j 

6% 


Chloroform off 
until comeal 
reflex was just 
perceptible 
OHClg 


— (Recovery) 


6*34 (43rd 

3-35 (44th 
5*36 (46th 
5-37 (46th 
5*38 (47th 


I Chloroform on! 

) • (with air), I 
(oxygen 20% J 
) OHOls 4% 
) » 504 


Fig. 10 


;6*39 (48th 

.. ) 

>1 

6*5% 

76 „ 

- 6*40 (49fch 

■»> ) 

>» 

gQ. r Respiration I 
^ /o 1 ceases j 

60 „ 

,6*41 (60th 

» ) 

If 

6% (Death) 

40 

6*42 (61at 

.. ) 

If 

30 „ 


The Dissociation of Oxy-Bcemoghbin at High Altitudes, — Report of the 
Committee, consisting of Professor E. H. Starlino [Chairman), 
Mr. J. Barcroet [Seeretary), ami Dr. W. B, Hardy. 

The Committee appointed in 1909 were prepared to place the grant at 
the disposal of the Secretary for the purpose of carrying out the investi- 
gations in any suitable place; they expressed a preference, however, 
in favour of the laboratory at Monte Rosa. It was found impossible 
for the Secretary to carry out his intention of going there in the summer 
of 1910, and therefore the grant has not been drawn. 

The Committee think it extremely desirable that the work should 
unde^ken, but they realise that the progress which one person can 
su<i a research in a few weeks, under the difficulties which 
he encountered, is very small. They have therefore 
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ascertained that Mr. Ff. Eoberts is prepared to take part in the work, 
should the funds necessary to- meet his out-of-pocket expenses be forth- 
coming. Mr. Eoberts is acquainted with the technique required for the 
research. 

The Committee therefoi-e request that the grant of last year be held 
at their disposal, and that in addition a like sum be added to it. 


Electromotive Phenomena in Plants. — Report of the Committee^ consist- 
ing of Dr. A. D. Waller {Chairman) ^ Mrs. Waller {Secretary ) j 
Professors P. Gotch, J. B. Parmer, and Veley, and Dr. P. O’B. 
Ellison. {Drawn up by Dr. A. D. Waller.) 

PAGE 

Appendix. — On the Blaze Currents of Laurd Leaves in relation to their Evolution 

of Prussic Acid. By Mrs. A. M. Waller 288 


I. Introduction. 

In last year's report of the Committee upon the Electrical Phenomena 
and Metabolism of Arum Spadices principal stress was laid upon the 
effects of heat upon the excitatory phenomena of animal and vegetable 
tissues, gauged principally by their electromotive responses. 

We showed then (1) upon muscle, (2) upon nerve, (3) upon petioles 
of plants that the brief application of an amount of heat insufficient to 
effect injury elicits an electrical change that is the reverse of that 
elicited by injury and by excitation; and as general conclusion of our 
observation we found that the effect of * thermic stimuli,' so called, is 
anti-excitatory or ‘inhibitory in character. 

Without having fully reconciled the apparent incongruity of this 
result with the well-known fact that rise of temperature accelerates 
chemical change and increases the excitability of living tissues in rela- 
tion to brief stimuli, we have pursued our investigation of the general 
relations between physiological phenomena and temperature in both 
animal and vegetable tissues. 

We have in particular investigated (1) the rate of action of drugs 
upon muscle and (2) the rate of change taking place in laurel leaves. 
The study of laurel leaves has brought us back to the consideration of 
the electrical phenomena associated with enzyme effects, and has led 
us on to a special study of hydrocyanic acid. The elaboration of a 
method for tlie quantitative estimation of hydrocyanic acid in laurel 
leaves has placed in our hands a method for its quantitative estimation 
in minute quantities in animal as well as in vegetable tissues. We have 
further satisfied ourselves that the method is applicable (1) to medico- 
legal cases of suspected poisoning by prussic acid or by cyanides, and 
(2) for the purposes of agricultural chemistry. 

Communications relating to the subject-matter dealt with by the 
Committee have been made during the past year to the Physiological 
Society and to the Eoyal Society. As regards the medico-legal applica- 
tion of the method, we intend to submit it to criticism in the proper 
quarter by a communication to the Eoyal Society of Medicine. 
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II. Bate of Intoxica/tion and Temperature, 

In order to investigate the influence of temperature upon the rate 
of intoxication we took observations on the rate of action upon muscle 
at temperatures between 7° and 25° of alcohol, chloroform, quinine, 
and aconitine. 

With a normal (5*8 per cent.) solution of ethyl alcohol, e.g,, we 
found that muscular contractility was abolished at 24^ in six minutes, 
at 17® in ten, 14® in twelve, 12® in fourteen, and 7® in twenty. These 
data can be dealt with {a) geometrically by plotting their values on 
squared paper, and (b) mathematically by applying a modification of 
Esson’s formula.^ 

(a) Plotting times along the abscissa and temperatures along the 
ordinate the curve of the relation is evidently very nearly geometric ; the 
toxic effect takes longer and proceeds more slowly at low than at high 
temperature. 



Fiq. 1 . — Curve expressing the relation between the times taken by the complete 
intoxioation of a muscle by ethyl alcohol, and the temperatures between 24'’ 
and 7°, at which the intoxication was effected. 

(b) The modification for our purpose of Esson's formula is as 
follows: — 

lo gLo — logLt __ 
logTi-logTo"”*' 

where and are the lengths of time between the application of the 
drug and the cessation of contraction ; Tq and T^ the absolute tempera* 
tures at which the intoxication took place ; m the experimental constant. 
(The value of m obtained from this formula is 1/655 of the value /a 
calculated by Arrhenius' formula.) 

The values of m came out as follows : — 


For alcohol 

m 

Temp, 
coeff . for lO'^ 

. 20-5 

2-02 

„ cMorofonn 

. 14-3 

1-63 

„ quinine 

. 26*6 

2*52 

{Hydrogen peroxide and hydrogen iodide) . 

ICMoric acid and ferrous sulphate) . 

. 20-38 

e 26*5 

— 


I Yekhjsmd Waller, * Observaflons on the Hate of Action of Brugs upon Muscle 
aa a Punc^on oi Temperature,’ Proc, Boy, 8oc,, B, vol. Ixxxii., p. 206, 1910. 
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III. A7i Objectmi m,et. 

An objection having been raised^ to the effect that the direct action 
of a poison upon muscle was not necessarily of a * physiological ’ order, 
but that it was of the same character as the arrest of action of un- 
organised ferments, the action of aconitine upon (1) ptyaline and 
(2) invertase was compared with its action on muscle. Aconitine, which 
promptly abolished muscular contractility when used in n/10,000 solu- 
tion, did not inhibit the action of these ferments in %/l,000 and w/100 
solution.^ The difference shows that the action of a poison upon proto- 
plasm must not be classified with the action of a poison upon an enzyme. 

IV. The Evolution of Hydrocyanic Acid by Laurel Leaves 
(Prunus laurocerasus). 

The evolution of hydrocyanic acid by laurel leaves in consequence 
of congelation or of their exposure to the action of ansesthetic 
vapours (first pointed out by Eaphael Dubois and more recently 
studied by Guignard and by Armstrong) affords a case where it 
is easy to study simultaneously (a) the pi'oduct of an enzyme, and 
(b) the alterations of electrical response that take place under the 
influence of anaesthetics. In this case, in consequence of the action 
of, e,g,, chloroform, an enzyme or enzymes of the emulsin type effect 
the hydrolysis of a glucoside (prulaurasin), and hydrocyanic acid is 
produced, the presence of which is readily detected by means of picrate 
of soda test-papers (Guignard). 

Our first observations were directed ’to a determination of the 
parallelism or the want of parallelism between the chemical and the 
electrical change, regarding these two changes as the associated conse- 
quence of the same excitatory disturbance of protoplasm by the agency 
of the au^Bsthetic poison. But further observations in which a method 
for the quantitative estimation of hydrocyanic acid was elaborated 
indicated the insufficiency of any such simple point of view. The 
progressive evolution of HCN by anaesthetised leaves immersed in 
picrate of soda, correlated with the progressive diminution of their 
electrical response, shows that the PIGN begins to appear as the elec- 
trical response disappears, and that it continues to be evolved as a 
post-mortem enzyme product long after all electrical sign of life has 
been abolished. The electrical response is abolished in a few minutes, 
and the abolition is final. The evolution of HCN commences to be 
manifested in a few minutes and continues actively for many hours or 
days.® The relation between blaze currents and the evolution of HON 
is dealt with in the Appendix by Mrs. A. M. Waller. 

V. Protoplasm and Water, 

The inference to be drawn from this is that the hydrolysis of which 
hydrocyanic acid is* the consequence is a sign of death rather than a 

^ Prcc» Physiol, iSoc,, February 16, X910. 

® Bywaters and Waller, Proc, Physiol, Boo,^ June 18, 1910. 

® A B, Waller, * Ansesthetios and Laurel Leaves,’ Proo, Physiol, Boc*, June 18, 
1910, 
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sign of life. Without denying as a possibility that the change may 
take place in slight degree during life, we recognise as the major fact 
that it does take place when, as shown by the electrical response, the 
living state has come to an end, and we therefore regard the entire 
phenomenon not as a manifestation of excitation or intensification of 
the living state, but as a liberation supeiwening upon a depression or 
suppression of the living state. 

The alterations of weight that take place in ansesfchetised or other- 
wise poisoned leaves to which attention was drawn at a recent meeting 
of the Eoyal Society by H. E. and E. P. Armstrong are quite intelli- 
gible from this point of view. A normal leaf, in water and in dry air, 



TfmemDaysJ 2 3 4 5 6 

Fig. 2. — Described in the text. 

gains and loses in weight very little in comparison with the gain or 
loss of an antesthetised leaf, because in the former the association of 
water with protoplasm is comparatively firm, whereas in the latter 
water is more easily absorbed and lost. Figuratively expressed, the 
dead matter of a chloroformed leaf is more obedient to variations of 
its surrounding water than is the living matter of a normal leaf. This 
point is illustrated in fig. 2, giving the weights of two similar leaves, 
one of which, A, was normal, while the other, B, hadheen chloroformed, 
both leaves being subsequently immersed in water and exposed to the 
air as indicated in the figure. The fluctuations of weight by gain and 
loss of, water were much greater in the chloroformed leaf B than in 
the hormsl leaf, A. 
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VI. A New Method for the Quantitative Estimation of Hydrocyanic 

Acid. 

The most important progress made during the past year has con- 
sisted in the elaboration the method for the quantitative estimation of 
small amounts of HON — i.e., less than 1 milligramme.^ A colorimetric 
method has been worked out' by means of which it has been found 
possible to estimate in thousandths of a milligramme the evolution of 
HON by a single laurel leaf during short periods of time — by the day 



Eio, 3. — Apparatus for the distillation and subsequent estimation of minutt- 
quantities of HCN in a vegetable or animal tissue. 

or hour at ordinary temperatures, by the minute at a temperature of 
40°. Fig. 3 gives a curve of HCN evolution taken at 40® in periods 
of five minutes. Fig. 4 of the same, taken on two individual leaves at 
one minute periods, with the specific purpose of determining as nearly 
as might be the time lost between the moment of immersion and the 
first appearance of HON. In the two cases examined this first appear- 
ance took place during the fourth and .during the fifth minute of 
anaesthesia. Under similar conditions the electrical response dis- 
appeared during the third and fourth minute. 

The procedure consists in matching with a colour scale containing 
known amounts of hydrocyanic acid in picrate of soda the colour of 

1 Waller, * A New Method for the Quantitative Estimation of Hydrocyaino Acid 
in Vegetable and Animal Tissues,’ Proc. Physiol. Noc., June 18, 1910 ; Proc. Mcyal 8oc., 
June 20. 1910. 

1910. 
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picrate ot soda into which hydrocyanic acid has diffused or has been 
distilled (fig. 5). 

The colour of the compound produced by the reaction (sodium is 
7 *so-purpurate) is remarkably stable. It is not changed by prolonged 
exposure to direct sunlight, nor by boiling. Its intensity is such that 
a convenient unit is afiorded by one milligramme HON per litre of 
dilute picrate (picrate acid 0*1 ; sodium carbonate 1 ; water 100). 

For practical use it is convenient to prepare two scales : — 

T 1 to T 10 containing 1 to 10 milligrammes HON per litre 
T OT to T 1 „ OT to 1 „ „ „ 

The coarser of these two scales is intended for use in ordinary 
2-ounce bottles with 50 o.c. of liquid ; the finer for use in flat-bottomed 
tubes of the Nessler type with 20 c.c. of liquid. 

In either case the actual estimation consists in the determination 
of a colour number, T, which indicates millionths of a gramme HON 
per 1 C.C., and gives therefore by simple multiplication by the number 
of c.c. the absolute amount of HON present in any given volume — 
e.p., a tint 

T 1 in 100 c.c. = 0-000100 grm. HON 
T 3 in 50 o.o. = 0*000150 „ 

T 0*6 in 20 o.c. = 0*000010 

There is no danger of confusing HON with either sugar or creatinin, 
since neither of these substances are volatile. In the case of animal 
tissues, acetone, if pi’esent, produces only a very slight discoloration, 
and is readily recognised by the iodoform test. 


lUustrative Experiment, 

The application of the method as regards laurel leaves will be most 
clearly appreciated by inspection of figs. 4 and 5. As regards animal 
tissues, it will be sufficient to quote four experiments from among many 
others- 

Exp. 12. — Oat, 2 kilos. Death by injection of 0*005 grm. KON 
( = *002 grm. ON). Distillates of 10 grm. into 10 c.c. picrate. 


Distillate 1. Blood . . T 2*5x21 c.c. . 

„ 2. Brain (8 gr.) . T 4*5x20x10/8 

„ 3. Heart . . T 1*3x20 

„ 4. Muscle . .TO X20 


62 {10-6 grm. HON) 
112 
26 
0 


Exp, IB (control). — Oat, 2*5 kilos. Death by chloroform at 6 per 
cent. Distillates as in Exp. 12 of blood, brain, heart, and muscle gave 
no discoloration, i,e. no sign of HON, 

Observation 24.- — ^Man, aged sixty, found dead in bed on the morning 
of June 21, Distillates taken on June 23 of 10 grm. of tissue into 
10 c.c. of picrate to a volume of 20 c.c. 


Disfillate 1. Blood , . T 2 

„ 2. Brain . . T 1 

„ 3. Heart , . T2 

„ 4. Muscle . , T 0*5 

" 6. Viscei’a . . T20 


(and eontentg) 


40 (10~6 grm. HON) 
. 20 
40 
10 
400 
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Observation 26 (control). — ^Woman, aged fifty. Death under chloro- 
form. Distillates as in Observation 24 of blood, brain, heart, muscle, 
and viscera gave no marked discoloration,^ i.e., no sign of HON. 





0- 5 min. 000 10-»gr. HCN 
5-10 „ +300 
10-16 „ +650 
15-20 „ +400 
20-26 „ +240 
26-30 „ +200 
30-36 „ +100 
35-40 „ + 76 
40-46 „ + 50 
46-60 „ + 40 
60-65 „ + 25 
55—60 ff -}- 20 


0-60 2000 


Fig. 4. — Evolution of hydrocyanic acid by a laurel leaf weighing 1*1 grm. in 
chloroform picrate at 40° ; picrate changed every five minutes. The total 
amount of HCN evolved was two milligrammes. 





Fig. 5. — Evolution of HCN by two lauxel leaves A and B, weighing 0*9 and 1*2 grm., 
immersed in chloroform picrate at 40° ; picrate changed every minute. In both 
cases the portion of curve observed is approximately, a straight line rising at a 
rate of 100 millionths per minute in A, and of 40 in B. In A the first appear- 
ance of HCN took place in the fourth minute, in B in the fifth minute. 

VII. Summary and Conclusion. 

* 1. In consequence of the action of chloroform on the leaves of 
Prunus laurocerasusy the electrical response is abolished within a period 
of five minutes. The leaves are then dead. 

2. Ooincidently with the abolition of the electrical response an 
evolution of hydrocyanic acid commences. The evolution continues for 
many hours after death of the leaf. 

1 A faint discoloration, appreciable only by the finer scale, of an approximate 
value T 0*2, is obtained with normal tissues^ It is probably due to the presence of 
acetone, as shown by Lieben’s iodoform test. 

u 2 
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3. The rate of intoxication of a muscle by an ansesthetic is a 
function of the temperature at which the intoxication takes place. 

4. The rate of evolution of hydrocyanic acid by a laurel leaf is a 
function of the temperature at which it takes place. 

5. A method has been elaborated by which it is possible to measure 
the output of HON by a laurel leaf during a period of one minute. The 
output has been found to be, e.g,, OT milligramme per gramme per 
minute at 40^ and 0*01 at 20^. 

6. The method is applicable quantitatively as well as qualitatively 
to any vegetable and animal tissue. 

7. By means of this method the distribution of a cyanide in the 
body of a poisoned animal and of man can be conveniently determined. 

8. The organs in which a poisonous cyanide is found pofit-morteni . 
in greatest relative amount are the heart and the brain. It is found 
in smallest relative amount in skeletal muscle. 

APPENDIX. 

On the Blaze Currents of Laurel Leaves in relation to their Evolution 
of Prussic Acid, By Mrs. A. M. Waller. 

The presence of a ‘ blaze current is a sign that the plant or animal 
tissue is living and also how much it is alive (Waller). A young laurel 
leaf kept in a moist tube from May 26 to June 9, and tested occasionally, 
continued to give the blaze current quite normally. On May 26 its 
blaze was 0.0150 volt, and on June 9 it was 0.0080 volt. During the 
whole time it gave oE no hydrocyanic acid, as shown by the absence of 
discoloration of picrate of soda test-papers (Guignard). 

There are different types of blaze currents, each part of an animal 
or plant having its definite and normal type. The type of blaze current 
is studied by means of Waller’s A B G ^ method. In a laurel leaf, 
as in all other leaves, the blaze runs from external to internal surface. 

All leaves hitherto tested have given the same type of blaze current. 
In response to excitation the blaze generally runs from the upper to 
the under surface, whereas in petals of flowers it runs * homodrome ’ 
in the same direction as the exciting current. The blaze current runs 
from the growing point in stems towards more quiescent parts. 

The blaze current is entirely a local phenomenon, and is confined 
to the exact area excited. A lilac leaf (chosen on account of its 
greater permeability and its lower resistance as compared with laurel 
leaves) which gave a blaze of 0.0300 volt was submitted to chloroform 
vapour by placing over part of its surface for one minute a watch glass 
on the under surface of which was stuck a piece of filter paper soaked 
in chloroform. The blaze w^as abolished at this spot, but was produced 
as before at other parts of the leaf. The exposure of such a leaf for 
oiie minute to air saturated with chloroform vapour is sufficient to kill 
the leaf, but it takes a longer time to kill a leaf immersed in a liquid 
saturated with chloroform. 

V ^ * A. Dfc Waller, Trans, Boy, Soc., vol 194, B. rlQOl, p. 183, 

^ A. Jk Waller^ Signs of Life, 1903. John Murray, London, 
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In studying the blaze current of Prunus laurocerasus simultaneously 
with the evolution of prussic acid under the influence of chloroform 
I immersed a laurel leaf in picrate of soda saturated with chloroform 
for one minute and then tested the blaze current. One minute’s 
immersion was not sufficient at the temperature of 40^ 0. to start 
the evolution of prussic acid nor to abolish the blaze current. A young 
leaf which gave a blaze of 0‘0500 volt was immersed ten times for 
one minute and tested after each minute, it was then left in a 
moist tube for four days and it still blazed to the amount of O’OOlO volt. 
After four minutes in picrate of soda saturated with chloroform the leaf 
gave no blaze and smelt of prussic acid. The blaze is not abolished 
after two minutes’ continuous immersion in picrate of soda saturated 
with chloroform at 40° C., nor after three minutes' immersion, but it is 
entirely abolished after four minutes, and the evolution of prussic acid 
is now beginning. A blaze current of 0*0200 volt was reduced to 
0*0005 volt after three minutes’ immersion at 40° 0. 

Blaze currents are more easily studied on young than on old leaves. 
Their more delicate cuticle offers a comparatively small resistance — 
100,000 to 200,000 ohms — whereas a full-grown laurel leaf, with its 
hard shiny surface, has a resistance of many megohms, and is thus an 
impossible subject to work with in its intact state. However, I found 
that by gently scraping off the thin external epidermis without causing 
injury the resistance was greatly diminished, and good blaze currents 
were then obtained. 

There is a double process at work in all tissues, the polarisation 
effect and the blaze. The blaze is the sign of the actively living tissue, 
the polarisation goes on after its death. A perfectly fresh leaf will only 
show the blaze, but a leaf that is beginning to be abnormal will respond 
to excitation by a considerable polarisation current, which quickly 
subsides and gives place to the blaze current, which lasts five to ten 
minutes and subsides slowly. It is not easy to distinguish with cer- 
tainty between an antfdrome blaze current, which is a sign of life, 
and an antidrome polarisation current, which is a general physical 
efiect. The difference in duration appears, however, to be charac- 
teristic. A blaze current is abolished by an anaesthetic ; a polarisation 
current is not abolished. 

Yellow Leaves , — As a laurel leaf fades it changes colour and 
falls. Prom dark green the colour is altered to light yellow. Is such 
a leaf alive or dead? The answer to this question is afforded by its 
blaze currents, which are unmistakably pronounced (0*005 volt); 
although the voltage is smaller than that of the blaze of a normal leaf, 
the galvanometer deflection is relatively large because a yellow leaf has 
a lower electrical resistance than a green leaf. 

Presumably a yellow leaf is a dying leaf. It might, therefore, be 
expected to give off hydrocyanic acid independently of the action of 
ansesthetics. * But, as a matter of fact, it does not do so ; a yellow leaf, 
like a greenTeaf, does not give off any HON in simple picrate solution, 
and it gives off little or no HON in chloroform picrate, according as 
the fading is more or less complete. Yet a leaf that would be called 
completely faded, i.e., in which the green colour has disappeared even 
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from its ribs, still exhibits a blaze current, while its capacity for evolv- 
ing HON under the influence of an anaesthetic has disappeared. The 
colour of such a leaf is changed from yellow to brown by the action 
of chloroform vapour. 


The Effect of Climate ufon Health ani Disease.-^Fourlh Report of the 
Committee, consisting of Sir Lauder Brunton {Chairman), Mr. J, 
Baroroft and Lieut.-Colonel E. J. S. Simpson {Secretaries), 
Colonel Sir D. Bruce, Dr. S. Gr. Campbell, Sir Kendal Franks, 
Professor J. G. McKendrick, Sir A. Mitchell, Dr. C. F. K. 
Murray, Dr. C. Porter, Dr. J. L. Todd, Professor G. Sims Wood- 
head, and the Heads of the Schools of Tropical Medicine of Liver- 
pool, London, and Edinburgh. 

The work produced by the Committee has consisted in a series of 
observations carried out in the island of Tenerife on the subjects of 
the efect of altitude and solar radiation upon the organism. The 
Committee are only prepared to report upon the first of these subjects 
this year. The work was carried on at three stations, the altitudes 
of which were — sea-level, 7,000 feet, and 11,000 feet respectively. 

The dissociation curves of four members of the party were studied, 
two completely. 

The figure shows those of B and D. D’s curves were investigated 
at a constant COj tension equal to that of his alveolar air at the sea- 
level (41 mm. of mercury). At different altitudes it was found that 
the aJBdnity of the blood for oxygen decreases progressively as the 
altitude increases. In point of fact D’s OOa tension becanie progres- 
sively lower as the altitude increased, and therefore another series of 
curves was delineated in which the COa tension was that of the 
alveolar air at the altitude in question. These curves coincided with 
one another and with the sea-level curve (D). Tlie probable explana- 
tion of these facts is that as the altitude increases the carbonic acid is 
replaced in the blood by some most volatile acid, such as lactic acid, 
and that the total effective concentration of acid is the same through- 
out. The case of B. is somewhat different. B's dissociation curve 
remained the same throughout, as also did the carbonic acid in his 
alveolar air. Hence in his case also the total concentration of acid 
in the blood remained unaltered. The further question arises, Is it 
possible to explain the difference between the two types of reaction? 
In the first place, as shown by the figure, B's curve at the sea-level 
was somewhat different from that of D. The difference indicates a 
greater alkalinity in B*s blood. Titration bore out this indication. In 
the second place, considerations based upon his respiratory quotient 
require that in proportion as the CO® tension in D’s alveolar air was 
low^ at 11,000 feet than in that of B, so D*s oxygen tension was 
Ifiglw than that of B. Actual analysis showed this to be true. At 
iLiEM^ feet D had an oxygen tension of 63 mm. and B of 49 mm. 
In tfe' third place, Erogh has shown that the oxygen tension in the 
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blood can be calculated from that in the alveolar air by subtracting 
1 mm. for every 100 c.c. of oxygen absorbed by the lung per minute. 

Figure showing dissociation curves of B and D at the CO 2 tension of their 
alveolar air at different altitudes. 

Percentage 
saturation of 
blood with oxygen. 



fO 20 30 40 50 60 


O 3 pressure in m.m. of Hg. 


The following table will therefore give the oxygen tension in D's 
and B’s blood under varying circumstances of oxygen intake: — 


O 9 absorbed per 
minute 

300 c.c. 600 c.c. 

900 c.c. 

1,200 c.c. 

1,500 c.c. 

1,800 0 . 0 . 

2,100 0 . 0 . 

Oa tension in D’s 
blood at 11,000 
feet 

58 mm. 55 mm. 

51 mm. 

48 mm. 

45 mm. 

42 mm. 

37 mm. 

Oa tension in B’s 
blood at 11,000 1 
feet 

46 mm. 43 mm. 

39 mm. 

36 mm. 

33 mm. 

30 mm. 

26 mm. 
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The degree of saturation of the blood with oxygen at the above 
tensions may be read from the figure. The point of interest is that, 
at rest (ie,, using about 300 c.c. of O 3 per minute), B's blood and 
D’s are about equally saturated. Hence, as B was careful not to 
take much exercise, his blood has had no occasion to compensate, he 
was in as strong a position as D, who had compensated. On the other 
hand, were increasing quantities of exercise taken, and increasing 
quantities of oxygen absorbed, B would be more and more at a dis 
advantage. These facts form at least an intelligible reason why B 
should have suffered from mountain sickness when he attempted to 
take exercise at 11,000 feet, whilst D did not. 


Mental and Muscular Fatigue, — Interim Report of the Committee^ 

consisting of Professor C. S. Sherrington (Chairman), Mr. W. 

MacDougall (Secretary), Professor J. S. MacDonald, and Mr. H. 

Saceville Lawson. 

Professor Macdonald, of Sheffield, has been ' engaged especially on 
the physiological aspects of muscular fatigue as studied in isolated 
muscle preparations. A report of his results is presented herewith. He 
separates the phenomenon of contracture as a fatigue effect from that of 
diminution of the height of the contraction. He draws attention to the 
fact that fatigue muscle will do an amount of work similar to the 
amount furnished by a fresh muscle, with less attendant production oi' 
heat, 

Mr. H. S. Lawson, of “Wolverhampton, has worked on the examina-' 
tion of fatigue in schools, and has had a number of school teachers 
engaged in the observations. 

It is urgently desirable that the Committee should be reappointed 
for another year in order to carry their investigations further. 

Interim Report on Muscular Fatigue. June 1909. 

By Professor J. S. MacDonald. 

Eepeated excitation of exercised frog’s muscle leads finally to a 
complete stage of exhaustion, during which a maintained state of slight 
contracture is present unbroken by any new contractile responses to 
continued stimulation. Prior to reaching this stage, the muscle yields 
contractions steadily diminishing in height and increasing in duration. 
These two modifications do not follow the same law of development. 
It is possible thus to secure a maximal degree of the one associated with 
a minimal degree of the other. Thus also the change in height of the 
contractions is arithmetically progressive, whereas the change in dura- 
tion, increasing at first slowly, later proceeds at greatly increased pace. 
Tbe later stages of this rapid development may be masked when the 
is made to lift a maximal load, and such conditions may give rise 
to the sMII complex appearance of a contraction-time, increasing 
at first and' later diminishing. 
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In addition, a further and separable effect of previous activity is that 
initial increase in the height of contraction spoken of as Bowditch’s 
* staircase. ' It is a common opinion that this phenomenon is to be 
observed in muscle in a fresh state. I have made certain of the fact 
that it is capable of demonstration, not near the final stage of fatigue, 
but at a surprisingly late stage of fatigue. Thus it is possible by the 
interpolation of a short period of rest and a subsequent renewal of stimu- 
lation, after fatiguing a muscle until it yields a contracture upon which 
each new response appears merely as an augmentation of this state, to 
observe this staircase phenomenon in a series of contractions, each 
of which is obviously of a very prolonged, and therefore fatigued type. 
Viewing the prolongation as symptomatic .of a severe degree of fatigue, 
it is inconceivable that muscle in this state should contract to a greater 
degree save as the result of an increased excitation. It becomes 
necessary therefore to consider the possibility that the nervous impulse 
conveyed to the contractile material is modified by material within the 
muscle, and that conduction through this material is quantitatively 
facilitated by immediately antecedent use. The staircase phenomenon 
is quite possibly an affair involving the concoplasm, and not the con- 
tractile sarcostyles of muscle. In what degree a similar statement 
is applicable, not only to the initial increase but also to the later fall in 
the height of the contraction, remains an open question. 

In order to simplify the investigation of such points, I have directed 
attention to the necessity for a connected conception of the facts of 
muscular contraction, and in a paper published in the ‘ Quarterly Jour- 
nal of Physiology ’ I have endeavoured to supply a conception every- 
where consonant with observed fact. According to the views there 
advanced, the relaxation of muscle is an active process reversing the 
conditions effective during contraction, and is to be regarded as a process 
of recuperation tending to reconstitute in the muscle a state favourable 
to the development of a subsequent contraction. 

The increased duration of the contraction of a fatigued muscle, 
mainly but by no means entirely occupying the period of relaxation, is 
capable of treatment as due to a diminished recuperative p. ver. It is 
of interest therefore to place alongside of this statement the fact 
observed by all those engaged in the collection of measurements of 
heat production in excised muscle, that when fresh and fatigued muscles 
are made by adjustment of the stimulation to perfoim equal work 
fatigued muscle gives off less heat. 

It is fair to assume that less combustion (i.e., oxidation) has occurred 
because the store of combustible material is becoming exhausted. As a 
matter of fact, it has been shown that the presence of a smaller amount 
of such material does actually, without reference to rest or fatigue, 
diminish the amount of heat evolved during any standard contraction. 
Temporarily, therefore, it may be said that a fatigued muscle performs 
similar work, accompanied by diminished oxidation. It is absurd then 
to regard oxidation as the prime cause of contraction. It is, on the 
other hand, more probably a consequence of contraction, not so much 
in the forefront during fatigue. In the paper quoted above I have 
endeavoured to show that this is the case, and that oxidation, like 
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relaxation, is a recuperative process, wliicli places a muscle that has 
once contracted in a position to contract again. 

(1) Previous activity is then liable to modify the contraction pro- 
cess, as in the case of the staircase, by modifying the transmission of 
excitatio-n through a muscle — ^that is to say, by modifying the mode of 
transmission of electrical charges. Since this transmission depends 
upon the electrolytes of muscle, we may look for modifications in these 
electrolytes as due to previous activity, and possibly responsible for 
many of the best-known incidents in fatigue. 

(2) Previous activity also afiects the store of combustible material 
within muscle, and so greatly modifies its i*ecuperative power. 

As to the manner of the recuperation, which is partially defeated by 
fatigue, it is possible that there are differences in such different cases 
as those provided by the muscle of cold- and warm-blooded animals re- 
spectively. When the recuperative processes of the relaxation period 
have done their work, there is still need for further recuperation. This 
is clearly seen in the case of frog's muscle. Thus, I have made sure of 
the fact, that even the second contraction of such a muscle is modified 
by the occurrence of the first to a demonstrable degree provided that it 
is observed within a certain period, much more prolonged than that of 
visible change, after the occurrence of the first. The second contrac- 
tion is not only higher (staircase), but is even mox’e clearly prolonged. 
Oxidations, accelerated by contraction, and these are the whole source 
of energy, are occurring in this later period of recuperation, just as 
also in the first recuperative period of relaxation, but are here more 
clearly seen as alone in action. In what form do such processes provide 
their energy? Conceivably this energy may be placed at the disposal 
of the muscle in the simplest way, as so much heat, or as some other 
form of energy. 

It is in this connection that I have continued an investigation of the 
relation between temperature and the internal osmotic pressure of 
muscle, since contraction is probably due to variations in the distribution 
of this factor within the muscle, but so far without observing any corre- 
sponding change not similarly producible in any simple solution having 
none of the attributes of ‘muscle.' This investigation has, however, 
still to be continued into the case of mammalian muscle. 

It is clear that it would militate greatly against the average efficiency 
of the muscles of cold-blooded animals if their energy was delivered to 
them in the form of heat, and the only conditions determining an addi- 
tion or an abstraction of energy ’were variations in external temperature. 
The muscle of the warm-blooded animal is more fortunately situated 
behind the protection of its constant temperature regulation, and is in a 
better position in this respect. The usual expectation is that muscle of 
this second class is more complex in its relation to its oxidative sources 
of energy. It is probable that the fact is the reverse of this, and that 
the warm-blooded muscle is more simple and does actually owe the 
physical condition of its internal solutions, upon which the phenomenon 
of contraction depends, to the heat provided by the processes of oxida- 
tiWv That is to say, that it is conceivable that the maintenance of a 
constant temperature is also to be I'egarded as the maintenance of a 
constiut bank of energy. 
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In this report I have endeavoured to make it plain that experi- 
mental fatigue is just such an experimental modification as facilitates a 
study of the processes of muscular contraction, and also explain the 
lines along which this study is being undertaken. The progress of the 
investigation is not sufficient to warrant any more direct form of 
statement. 

Interim Report {No. 2 ). — Menial Fatigue in Schools. June 1910, 

By Mr. H. Sackvillb Lawson. 

This investigation, an outline of which was given in a previous 
report, was begun in November 1908. The experimental part of the 
vrork will have been completed by the end of July 1910. 

The general object has been to discover what relation exists between 
the proved ability (relative) of a subject and his capacity for continuous 
work at high pressure; to discover, that is, whether an able boy is more 
resistant to fatigue than one less gifted. 

The local Committee engaged on this investigation consists of three 
head-masters of elementary schools and the present writer. The number 
of boys experimented on is thirty, ten from each of the three schools. 
Each boy was within two months of nine years on January 1, 1909. 
The nature of the experimental work has been twofold. It has been 
the aim of the Committee — 

(1) To obtain, by means of suitable tests submitted, a * General 
Intelligence * Order of Merit for the thirty boys. 

(2) To provide continuous work of such a nature and for such a 
period of time that fatigue effects may be shown. 

Part I — General Intelligence Order of Merit. 

Twelve tests have been given. The length of time for a single test 
has been from five to ten days. The Final Order of Merit has been 
obtained by aggregating the places obtained in the various intelligence 
tests. This Final Order is considered to be a hierarchy of Natural 
Intelligence. Incidentally it may be mentioned that a separate order of 
merit has been obtained by the ordinary scholastic examination methods. 
This has been found to correlate with the other to the extent of 0*61 
where 1 = complete similarity of rank or identity of position. 

Part IL — Fatigue Tests. 

The general method of procedure has been as follows: — 

Written work, generally of a mathematical nature, has been given 
for a period of half an hour per day. This half-hour has been taken 
either at the beginning or at the end of the school day. On the expira- 
tion of each five minutes a signal has been given in order that the 
output per period may be calculated. Thus there have been six con- 
secutive periods each of five minutes* duration. The output in sums 
completed per period, as well as the number accurately done, has been 
calculated. Increase in rapidity and improvement in accuracy have 
been assumed to be due to the favourable influence of practice, while 
the reverse result has been ascribed to the inhibiting effects of fatigue. 
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Since * Practice ' and * Fatigue ' are forces opposed to each other, 
in that they react on the individual in contrary manner, it follows that 
the effect produced must be a resultant one. Where the urging forward 
tendency is strong the pushing back may yet be present latently.^ A 
20 per cent, increase due to Practice would hide a 10 per cent, diminu- 
tion due to Fatigue. 

The figures given below represent the resultant generic effect pro- 
duced by Fatigue Test A, 


Period 

Length 

Number 

of 

Days 

A 

Output 

(gross) 

B 

Output 

(accuracies) 

c 

Per cent, of Sums i 
done Correctly 

I 

5 minutes 

5 

880 

532 

60*5 

II 

I ” 

5 

798 

448 

56*0 

III 


1 5 

854 

455 

63*3 

IV 

» 

1 5 

1 804 

438 

54*8 

V 

3t 

1 5 

790 

406 

51*0 

VI 


i ^ 

795 

379 

47*5 


The figures in columns A and B represent the sum total of the 
efforts of twenty-five boys. Column C shows the accuracy output per 
hundred sums per period. 

In the instance considered the worst period is the last, the best 
period the first. The coefficient of diminished accuracy is found ^ by 
subtracting the minimum value (47*5) after the maximum (60*6) has 
been obtained and dividing this number by the maximum value. Thus 

60*5 - 47*5 = 13; and = 0*2148, or 21*48 percent, whei^e the 
60*5 

number 100 i'epresents absolute inaccui’acy and 240 a condition of com- 
plete sustained accuracy. It is assumed provisionally that the falling off 
in accuracy is due to fatigue. In this manner the individual perform- 
ances have been calculated and an order of merit has been obtained. 
The top boy in the order is he who shows the least susceptibility to 
fatigue, who maintains, that is, the steadiest output of accurate work 
period by period throughout the time allotted to the test. 

The crude coefficient of correlation between this order and the 
Final Order of Intelligence is 0*22, or as a percentage of 22 where the 
number 100 represents similarity of i-ank or identity of position. When 
the order of merit (fatigue) is inverted, and the top place assumed by 
that boy who shows the greatest susceptibility to fatigue, as measured 
in terms of diminished accuracy of output, the coefficient of correlation 
is -0*28. 

With regard to the other fatigue tests, the clerical woi'k is not yet 
finished. They may, however, briefly be summarised as follows : — 

Test A . — ^Addition sums. Two digit numbers. Five numbers in 
column. Thirty minutes a day for three days. Given at conclusion 
of school working day. 

^ Test B. — Counting squares. Size of a square inch. Thirty 
minute ‘ a day for five days. Given at commencement of school 
day. 

^ La Faiigtte IntelkdmUe (Blnot), p. 242. 
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Method . — Pencil dot is made in each square. Across every tenth 
square a diagonal is drawn. Unit effort is ten squares. Number of 
units marked noted per period. 

Test 0 . — Multiplication sums. Five digit numbers multiplied by 
two digit numbers. Thirty minutes a day for two days. Given at 
conclusion of school working day. In each of these tests a signal was 
given at the end of each five-minute period in order that the output 
per period might be calculated. 

Test U. — Dotting test. The machine which is being used is Dr. 
Bivers' modification of Dr. DougalTs apparatus. 

The Committee hope to produce their report in December. 


Body Metabolism in Cancer, — Report of the Committee, consisting of 

Professor C. S. Sherrington {Chairman) and Dr. S. M. Copeman 

[Secretary), 

Consideration of the curves of cancer mortality in the human subject, 
whether male or female, discloses the interesting and important fact 
that cancer is not, as is usually thought to be the case, a disease of old 
age, however much it may be related to senescence of certain of the 
body tissues. As a matter of fact, the disease is of extreme rarity in 
the later years of life, especially in the female sex. Thus the charac- 
teristic feature of the age incidence of cancer, as pointed out by Boger 
Williams and others, and as demonstrated by the returns of the 
Eegistrar-General, is not its continued increase with advance of years, 
but rather its disproportionate augmentation in the post-meridian periods 
of life — i.e., between the ages of forty-five and sixty -five years — ^liability 
to the malady waxing as the reproductive activities wane. The facts, 
indeed, clearly show that cancer is not a disease of senility merely, 
which per se plays no part in its development. 

In the animal world the age incidence of cancer is evidently governed 
by a similar law, as has been demonstrated by Strieker for horses and 
dogs, and by Bashford and Murray for mice; all these observers being 
in agreement as to the rarity of malignant tumours in early life and 
their relative frequency in later life, antecedent, however, to onset of 
old age. 

In the light of these facts it would seem not improbable that the 
onset of malignant disease, whether in man or the lower animals, may 
have intimate relationship with diminished or perverted functioning of 
the reproductive organs, which, under normal circumstances, may be 
regarded as exerting — ^possibly *by virtue of 4heir so-called * Internal 
secretions ’ — some reskaining and co-ordinating infliience on the 
growth of the somatic tissue elements. 

Evidence of the existence of such a controlling influence is found in 
the fact, on which there is now general agreement among those engaged 
in the experimental investigation of cancer, that whereas transplanta- 
tion, of * spontaneous ’ cancer in the mouse to normal individuals is 
apt to prove successful in but few instances when full-grown animals 
are employed for experimental purposes, complete insertion success has 
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not infrequently proved possible of accomplishment when mice of not 
more than six or seven weeks old are used. In view of the further fact 
that fanciers are agreed that the mouse is incapable of reproduction 
before the age of three months, while six months is generally stated to 
be the earliest age at which these animals should be mated in order to 
ensure healthy olKspring, it would appear that the greatest measure of 
success in experimental implantation of cancer in this animal is obtain- 
able only during the period of life antecedent to full or even commencing 
activity of the reproductive functions. On the other hand, implanta- 
tion of cancer material from one mouse to another is least likely to be 
attended by success when the recipient is of an age at which these 
functions have attained the stage of full activity. 

For these and other reasons it appeared desirable to investigate the 
question as to whether any of the products of the reproductive glands — 
presumably given off, under normal circumstances, in the lofm of an 
internal secretion — can be shown experimentally to influence, in one or 
another direction, the development of cancer as T?^nessed when this 
disease is experimentally produced in the mouse. For the prosecution 
of this investigation, facilities have been most kindly afforded by the 
Executive Committee and the Director (Dr. Bashford) of the Imperial 
Cancer Eesearch Fund, and the Committee is much indebted to them 
for a generous supply of material. 

Although at the present time but little doubt exists as to the produc- 
tion of an internal secretion by the testes and ovaries, practically nothing 
is known of its nature and composition. It has, however, been sug- 
gested that its main constituent is in all probability derived from meta- 
bolism of nucleo-proteids which are present to so considerable an extent 
in the tissues of the reproductive glands. Professor von Poehl, of St. 
Petersburg, and others have, inde^, claimed that spermin, a crystallis- 
able substance which has been isolated from the testes, prostate, ovaries, 
and in less amount from certain other organs and tissues, constitutes 
the essential principle in question. For the purposes of the present 
investigation, therefore, it appeared desirable, in the first instance, to 
make use of this substance (of which Dr. von Poehl, the successor of 
the late Professor von Poehl, kindly provided supplies), employing, in 
addition, freshly prepared emulsions of mouse testes, extracts of dried 
and powdered testes freed from nucleo-proteid, boiled watery extracts 
of the testicle of various animals, and a solution of nucleinic acid of 
orchitic origin. In every instance the action of all these various sub- 
stances was tested on the mouse by hypodermic injection, while fresh 
emulsion of testes and solutions of nucleinic acid were also administered 
internally by a method of experimental feeding devised for the purpose. 

For each series of experiments a number of mice were employed 
which had been inoculated with cancer material by a member of the 
staff of the Imperial Cancer Eesearch Laboratories, from ten days to 
three weeks previously, by which time most of the animals had developed 
tumours, sometimes of considerable size, at the site of operation. The 
piscw area of the resulting tumours in each animal is recorded on 
one of the laboratory attendants ten days after implantation, 
^ SUb^ueoHy at weekly intervals. In every experiment one lot of 
inoculated mice W£ts set aside as a control. Each series of experiments 
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has extended over a period of five or six weeks, or occasionally even 
more, so that the work has necessarily taken up a considerable period 
of time. Owing also to exigencies of the special w^ork of the laboratory 
staff, and of official duties on the part of the member of this committee 
to whom the investigation was entrusted, delay in the prosecution of the 
work has from time to time proved unavoidable. 

As the work is still in pro^^ess it would serve no useful purpose, on 
the present occasion, to enter into details of the numerous experiments 
performed. It is therefore proposed here only to set out a brief state- 
ment of the main results which thus far have been obtained. 

As a preliminary step a number of mice were injected hypodermically 
with a 2 per cent, solution of spermin in normal saline solution, in 
quantities varying from 0*1 to 0*4 c.c., in order to make certain that 
the employment of this substance was not productive of any ill-efiect 
on the mouse. This having proved to be the case with these doses, four 
mice which had been inoculated just previously with 0*05 gi*m. of 
63 

tumour in the left axilla, were subsequently injected daily, with 

the exception of Sundays, for a period of seventeen days, with 0’4 c.c. 
of the spermin solution. By this date three out of the four 
tumours which had arisen in these mice, as the result of inoculation, 
had entirely disappeared, while of eight tumours which had arisen in ten 
contrc5l mice, inoculated on the same date, none had disappeared, 
although two had somewhat decreased in size. 

On February 4 of the present year twenty mice were inoculated 
with a very rapidly growing strain of tumour, of which ten were kept 
as controls in a separate cage. A week later tumours had appeared in 
all these mice. From this date, for a period of nearly three weeks, ten 
of the mice were injected daily, except on Saturdays and Sundays, with 
0*4 c.c. of the spermin solution. As by this time the result obtained 
with the injected as compared with the control mice merely showed 
differences which might be considered as coming within the limit of 
experimental variation, the work was not continued. 

In view of the apparent difference of result obtained in these two 
experiments, Dr. Bashford suggested that for future work it would be 
desirable to employ for purposes of inoculation a slow but continuously 
growing tumour (Twort 30B.), which, in this respect, most nearly 
reproduces the characteristics of a spontaneously occurring tumour. 
With this material Dr. Murray inoculated forty mice on March 4, of 
which ten were kept as controls, the other tliiity being divided into 
three lots of ten each, and kept in separate cages. These were respec- 
tively injected daily — (a) with fresh emulsion of mouBe testes 0*4 c.c. 
each; (h) with spermin solution; and (c) Poehl’s orchidia solution in 
similar quantities. On March 21 eight tumours had developed in each 
lot of ten mice, while one of the controls had died. By April 4, of 
the spermin series, five of the tumours had disappeared; of the testicle 
emulsion series all eight tumours showed a definite increase in size; 
while of the orchidia series the tumours exhibited no appreciable differ- 
ence from those of the controls. At this point the"' experiment was 
unavoidably interrupted. 
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In a farther experiment on somewhat similar lines half the number 
of the experimental mice, in addition to being injected daily with 
Bpermin, had fresh testicle emulsion administered by the mouth. These 
latter, at the end of four days, showed a considerable diminution in 
size as compared with those injected with spermin only, one tumour of 
fair size having even at so eaiiy a stage of the experiment disappeared 
completely. Subsequently, however, possibly for the reason that the 
dose of spemiin, which was larger than in previous experiments, was 
repeated too frequently, all the remaining tumours exhibited slow but 
steady increase in size up to the period when, three weeks later, the 
experiment was terminated. 

In other experiments a testicle extract was employed which had 
been freed from nucleo-proteid, and which therefore contained, in addi- 
tion to spermin, creatin and other extractives, as well as inorganic salts. 
The use of this material for the purposes of injection in a large number 
of mice eventually afforded no appreciable difference from the control 
mice as regards the size of the tumours, the result thus differing on the 
one hand from the definite increase obtained with the use of fresh testicle 
emulsion, and on the other from the diminution obtained in certain 
instances in which a solution of spermin was employed. 

Certain of these experiments are now in process of being repeated, 
with large numbers of mice, by independent w^orJsers in the laboratories 
of the Imperial Cancer Eesearch Fund, where also, thanks to the kind- 
ness of Dr. Bashford, a further series of experiments are also being 
carried out, in which nucleinic acid of orchitic origin is to be employed, 
both hypodermically and by oral administration— -in the latter case both 
with and without the simultaneous use of hypodermic injections of 
spermin. 


The Experimefdal Study of Heredity. — Report of the Committee, consisting 
of Mr. Francis Darwin {Chairman), Mr. A. Gr. Tansley {Secretary), 
and Professors Bateson and Ejbeble. 

The grant of 30Z. allotted at Winnipeg for this Committee has been 
used at Cambridge in connection with the researches carried on by 
Miss E. E. Saunders, Miss Wheldale, and Mr, E. IT. Compton. 

Miss Saunders' work on the inheritance of double flowers in stocks, 
wallflowers, hollyhocks, carnations, MecbnopsiSj Petunia, and other 
genera has been continued. Experiments on the inheritance of other 
characteristics have also been undertaken in various plants. • 

In the case of stocks it is hoped that from this year’s results a 
material addition to the records of the last three years wuli be obtained, 
and that then it will be possible to give a full account of the work on 
the very complex problem which is here involved. 

In the cases of the other plants named, most of which are biennial, 
^ experiments have necessarily been lengthy, but it is hoped that the 
Oi four seasons will shortly have reached a point at which a 
defiilite statement can be made. 
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Miss Wheldale is conducting experiments on the chemistry of pig- 
mentation in plants, in continuation of lier work already published. 

Mr. Compton (Gonville and Caius College) is investigating the occur- 
rence of sterility in the crosses between cultivated peas and a wild form 
brought from Palestine by Mr. Arthur Sutton. He is also conducting 
various other breeding experiments. 


Glare Island. — Report of the Committee, consisting of Professor T. 
Johnson {Chairman), Mr. E. Lloyd Praeger {Secretary), 
Professor Grenville Cole, Dr. Soharpp, and Mr. A. G. Tansley, 
appointed to arrange a Botanical, Zoological, and Geological Survey 
of Glare Island, 

Since the last report was presented, twelve months ago, much work 
has been carried out on Clare Island and the adjoining mainland as 
regards both the fauna and the flora. Among the groups that have 
received special attention are : Sponges, polyzoa, insects (many orders), 
mollusca (marine and fresh-water), birds, algse (marine and fresh- 
water), lichens, fungi, mosses, and hepatlcs. In addition, meteorological 
observations have been commenced; also the investigation of the peat 
deposits. The work is going steadily forward, and it is hoped that 
it will be completed by the end of 1911. As reported in the statement 
of accounts, the grant made by the British Association will not carry 
the work through, and further assistance would be very welcome; for 
the present the Committee are using other funds which they have been 
successful in procuring. 


The Structure of Fossil Plants, — Report of the Committee, consisting of 
Dr. D. H. Scott {Chairman), Professor F. W. Oliver {Secretary), 
Mr. E. A. Newell Arber, and Professors A. C. Seward and 
F. E. Weiss. 

The amount granted has been fully spent on sections of Stigmaria 
for the continuation of Professor Weiss’s in’v^stigations and on sections 
of various plants from the roof nodules (which contain a characteristic 
flora of their own) for Professor Seward. 

Mr. H. H. Thomas has made great progress with his work on the 
structure of the leaf in Palaeozoic plants, referred to in the last report. 
He has published a preliminary statement ‘ On the Assimilating Tissues 
of some Coal Measure Plants ’ in the ‘ Proc. Cambridge Phil. Soc.,’ 
vol. XV., pt. V., 1910, and an extensive paper on the leaves of Gala- 
mites will shortly be communicated to the Royal Society. 
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Mental and Physical Factors involved in Education. — Repart of the 
Committee, consisting of Professor J. J. Findlay {Chairman), 
Professor J. A. Geben {Secretary), Professor J. Adams, Sir E. 
Beabeooe, Dr. W. Beown, Professor E. P. Culvbbwell, Mr. 
G. F. Daniell, Miss B. Epxley, Professor E. A. Geegoey, Dr. 
C. W. Kimmins, Mr. T. Lovbday, Dr. T. P. Nunn, Dr. Slaughtee, 
Mr. Bompas Smith, Dr. Speaeman, Mr. Twentyman, Miss L. 
Edna Waltee, amd Dr. F. Waenee, appointed to inquire into 
md report upon the methods and results of research into the Mental 
and Physical Factors involved in Education. 

PAGE 

Appendix, Typical Problems for Research in Education 309 

In their Report for last year, your Committee drew attention to the great 
movement towards the independent investigation of pedagogical problems 
w.hich is going on all through the civilised world. They pointed to the 
foundation of institutions for pedagogical research in Antwerp, Milan, 
Leipsic, St. Petersburg, Moscow, and elsewhere — institutions with 
special funds available for the prosecution of pedagogical inquiries — and 
in addition to these they showed the trend of interest among many Conti- 
nental and American psychologists towards problems that concern the 
schoolmaster very closely. 

This new field of inquiry is the natural outcome of the successful 
application of experimental methods to the investigation of mental 
phenomena, but it is, in the Committee’s view, important to understand 
quite clearly whether or not there is a Body of doctrine which can be 
separately regarded and called the science of education, or whether the 
schoolmaster’s practice is to be based on contributions from various 
branches of science without any common centre of reference which shall 
give them the inner unity which belongs, for example, to such a science 
as agriculture. It seems to your Committee that the particular point of 
view from which Education interprets its subject-matter is so distinci, 
from the points of view’' of the psychologist and the sociologist for 
example, in dealing with the material of their sciences, that the inde- 
pendence of the science of education must follow, if, indeed, the exist- 
ence of this Section of the British Association" is not already an admis- 
sion of its claim. 

Until the present time, however, although much has been written 
upon educational theory and educational procedure, there has been 
little or no attempt to deal with its materials in a scientific spirit. Its 
facts have not been collected in any orderly way ; tradition, rather than 
the results of independent observation, has guided the schoolmaster in 
his classroom. The d priori view has dominated the mind of the educa- 
tional reformer; he has, indeed, been most concerned with the question 
of the end to be reached, interpreting thereby the current philosophical 
and religious notions of his time in educational terms. The study of 
the persons to be educated and their attitude towards methods of in- 
siruction was left aside ; it was sumcient to rely on the sympathetic 
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intuitions of the schoolmaster. The position was unassailable so long as 
mental behaviour was regarded as something lying beyond the reach of 
exact objective methods of inquiry. The psychologist and the alienist 
have taught us that this is not the case. The application of mathematics 
to the solution of its problems is the latest indication of the probability 
that, in the last resort, mental phenomena are as obedient to law as 
the things of the material world. 

In response to the request of your Committee, various gentlemen 
whose names are well known as investigators in this field have expressed 
their views of the importance of the work. 

Professor Binet, of the Sorbonne, writes, after showing how the 
artist's study of ‘anatomy should differ in character from that of the 
doctor, because their object is different : — 

I think the same holds good in regard to the relations of psychology and 
pedagogy. We shall gradually learn what the real needs of teachers are. 
Abstract psychological knowledge is of no use to them. They require knowledge 
of quite a special character, such as will find an immediate application in instruction 
and education. They should have at command the means of recognising intel- 
lectual and moral types amongst children; means of measuring memory and of 
strengthening it ; they should know how to estimate fatigue and how to counteract 
it. ^ But few, if any, of the psychological treatises of the last twenty years 
satisfy a demand of that kind. It is therefore necessary for psychologists and 
teachers to set themselves to the task of creating a science, ‘psycho-pedagogy,’ 
which, at the present moment, does not exist. In pursuing inquiries of this kind 
it is essential that we should not lose sight of their ob ject—namely, that of finding 
out things that wiU be useful to a teacher acting in his professional capacity. 
Everythmg which is not related to that end should be rigidly excluded. 

Professor OlapaarMe, the fourth edition of whose book ‘ Psychologie 
de TEnfant et Pedagogic experimentale, ' is now in the press, has written 
ns follows : — 

The means which must he employed by the educator are not given d priori; 
they are the outcome of experience. He is concerned in fostering and directing 
the development of his pupils and in imparting knowledge to them. It is there- 
fore essential that he should know how this development takes place and how the 
knowledge he would impart is assimilated. These things science alone can 
teach us. 

The fact that human possibilities are increasing every day without any corre- 
sponding increase in the length of human life makes it more and more important 
to see that our systems of education are as economical and fruitful as possible. 
The pupil has neither time nor energy to fritter away. The science wfiich can 
do most for the educator in this matter is the psycho-physiology of children. 
Such a science is as necessary to the teacher as physiology to the physician. This 
is so obvious that we need not labour the point. 

Some will urge that the experience which is admittedly essential can only be 
gained by practice. ‘ It is only by teaching that a good teacher will be made.’ 
it is, of course, true that practice is essential to success in any art, but in this 
particular case it is surely necessary to reduce to a minimum the period of 
apprenticeship. The teacher who is left to master his art without any knowledge 
of the material on which he is working is reduced to experiments in which his 
pupils suffer. Not unfrequently these experiments are very long and very 
injurious to generations of pupils who undergo them. Practice may in time make 
up for a want of theoretical knowledge, but the price paid for the period of 
ignorance is incalculable. What is still worse, the injury done is irreparable. 
If an incapable engineer builds a bridge which collapses the damage can probably 
be repaired — at any rate, the bridge can be rebuilt ; not so a human mind. 

It is hardly necessary also to point out that practice makes many bad teachers. 

X 2 
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Their pupils* dislike marks their want of success ; they themselves are embittered, 
and their influence is like that of a withering blast upon the vital energy of young 
plants. All this might have been avoided if the teacher had from the beginning 
known how children must be treated if they are to be his friends, and how to 
present the material of instruction in order to stimulate their interest instead of 
filling them with disgust. ^ 

An experimental pedagogy is therefore an essential. It mcludes psycho- 
pedagogy, medico-pedagogy, and the hygiene of teaching. Here we are only 
concerned with psycho-pedagogy, that is the psychology of the child applied to 
pedagogy. This science aims at furnishing the educator with a means for diagnosis 
and 'prognosis. Is this child intelligent? Is he backward? What are his 
dominant capacities ? Is his bad work due to idleness, boredom, fatigue, or some 
passing disturbance? These are typical problems for diagnosis. 

What career shall this youth follow? Given his present capacities, can we 
foretell his future aptitudes ? In what sort of post will he make the best use of 
his powers? These are questions which belong to what I have called psycho- 
prognosis. 

Psycho-pedagogy will also aim at providing the teacher with a right technique. 
It seeks to answer such questions as. How is judgment developed? How can 
over-pressure be avoided ? When should we begin to teach a child to read ? How 
should the will be trained ? 

It will also embrace other problems which concern particular subj'ects of 
instruction — an ‘experimental didactic.* How should the beginnings of number 
be taught ? What is the right way of teaching modem languages ? &c. 

Dr. Schuyten, Paedologist to the City of Antwerp, himself the 
author of many researches concerning the child at school, has sent the 
following communication: — 

Paedology is the synthesis of all the sciences which contribute to the exact 
knowledge of childhood. It draws its data from hygiene, anthropology, 
physiology, normal and abnormal psychology, psedagogy,, and sociology. We 
have abandoned the idea, still not uncommonly held amongst schoolmasters, that 
the child is not a subject for accurate objective study. We know that his various 
activities, mental and physical, may be accurately measured, and that when 
teachers have realised this and have themselves been more scientifically educated, 
they will be in a position to understand and appreciate the possibilities of the 
subject. 

We are now in period of transition, but the surprising number of researches 
published in recent years already make it possible to indicate certain general lines 
of work which I may condense as follows 

A. (1) The great development of the biological sciences has shown that the 

experimental investigation of children may give more exact bases 
for the educational treatment of childhood. 

(2) It has been shown that the child must be considered as a biological 
object, obeying the same natural laws as other forms of organic 
and inorganic matter. Thus scientific investigation is possible and 
inevitable if we would obtain accurate data for educational 
procedure. 

B, It is possible at present to determine accurately 

(3.) The hygienic conditions for the sound treatment of children (ventila- 
tion, lighting, warming, &c.). 

(2) Tl^ physiological bases of nutrition, movement, work, overwork, and 

fatigue. 

(3) The anthropometric laws concerning normal and abnormal physical 

development. ^ ^ 

V i. Mental derived from normal and abnormal children and from 
; animals, from which the laws that underlie psychological phenomena 
may be discovered. 
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(5) The sociological phenomena of early life as observed in civilised and 

uncivilised peoples and in animals. 

(6) The educational applications resulting from the foregoing, as seen 

in the school, the family, and in Nature. 

No science has in the past developed so rapidly as paedology. Its great 
importance was immediately and universally recognised, as we see from the fact 
that so many and so various institutions devoted to this subject have already 
been established. I can count on the spur of the moment in Europe alone sixteen 
Child-Study Associations, twenty-one reviews devoted to Child-Study, eleven 
laboratories and institutes^ of psedology, and no fewer than eight congresses on 
various aspects of the subject have already met. In North and South America 
and in Japan the number of societies and journals is very great, but unfortunately 
little known. 

It is easy to foresee that in no very remote future the majority of the univer- 
sities of the world wiU have established psedological courses with laboratory 
arrangements on thoroughly scientific lines. 

These communications sufficiently indicate the importance which is 
attached to the subject in France and in Belgium, an interest which, in 
the latter country, has led to the establishment of an official body, 
LTnstitut National Beige de P4dologie, which, under the presidency 
of the Directear-G6n6ral de TEns^ignement primaire, is organising 
systematic work on a large scale. The new society has already estab- 
lished a journal, * Les Annales PMologiques, ' which made its first 
appearance in October 1909, since the last meeting of the Association. 

In our own country we may note in this connection the forth- 
coming appearance of a new journal, ‘ The Child, * which is a welcome 
sign of the growing interest in educational and other allied rpearches, 
and the widespread activities of the British Child Study societies con- 
tinue to increase in importance. 

In view of the large amount of work being done in other countries, 
the Committee set out to inquire what was actually being done here, 
and what special resources were actually available. They knew of 
nothing to correspond with the Pasdological Laboratory at Antwerp, 
but it was clear that the psychologists were beginning to take the 
matter up and that possibly more was going on than was generally 
known. Their inquiry shows that special funds are rarely available; 
such work as is being done is chiefly in the hands of students who are 
working in the first place for academic recognition. Here and there 
privately interested people are working on their own initiative and at 
their own expense; otherwise inquiries are being, for the most part 
conducted in the available time of university teachers, who are already 
occupied with the general direction of a laboratory or in doing other 
teaching work. 

The replies to the Committee’s inquiries may be summarised as 
follows : — 

From Cambridge, Dr. Myers writes that no special funds are avail- 
able, but that various researches in the psychology of school children 
are being carried on. These researches are concerned with geometrical 
optical illusions, colour vision, and colour vocabularies, memory 
(rational and mechanical learning), &c. One research has just been 
completed, continuing the work of Ziehen and others on Mental Asso- 
ciation in Children. The possibility that psychology may be made 



306 


REPORTS ON THE STATE OF SCIENCE. 


an optional subject for the ordinary degree may stimulate interest in 
the subject and lead to systematic inquiry by individual students. It 
would, in Dr. Myers’ view, be of the greatest advantage to the cause, 
if systematic co-operation between psychologists and pedagogical experts 
could be secured. 

From Oxford Dr. McDougall says that there are no funds^ for the 
support of the laboratory in which his psycho-physical work is done, 
although an initial grant for its equipment was made from the Univer- 
sity chest. The work of the laboratory is not specially directed to 
educational problems, although its students have prosecuted inquiries 
having important educational bearing, as, for example, Mr. 0. L. Burt’s 
work on * Intelligence, ’ an instalment of which appeared in the ‘ British 
Journal of Psychology,’ December 1909. 

Professor Karl Pearson reports that a great deal of systematic 
work is being done in the Biometric and Eugenics Laboratories^ of 
University College, on the influence and relation of mental and physical 
characteristics of school children to each other. The data at present 
available deals with a hundred thousand children from all classes and 
localities. The laboratories are each endowed to a small extent with 
funds which enable them to undertake and publish statistical work of 
this kind, but with more money much more might be done. 

In the Psychological Department of University College, under Dr. 
Spearman’s Erection, research \York, especially in connection witli 
education, has developed with surprising rapidity. Two investigations 
are almost complete and two are well started, dealing with various 
aspects of memory. Another is practically finished on the problem 
known as " Transfer of Training.’ One is just being concluded on the 
powers and the diagnosis of mentally defective children. Further work 
is being started on ' Imagination ’ and on ^ Mental Inertia ’ respec- 
tively. Altogether, as much is being done as can be properly supervised 
by one director. No lack has so far been felt, either of research facilities 
or of able students, but only in respect of most of the students’ previous 
training in psychology. This has been little adapted for grappling with 
actual scientific problems ; in fact, it has often been of a character that 
should now be obsolete. 

Dr. W. Brown, in the Psychological Department of King’s College, 
has on hand researches concerning the measurement of simple mental 
functions of school children and students in training colleges; he is 
following this up by correlating the results with each other and with 
different measures of intelligence, using the general theory of multiple 
correlation as a means of evaluation. Dr. Brown has given courses of 
lectures on Experimental Psychology as it concerns the school child to 
audiences of teachers during last session, and a course on * Statistical 
Methods in Psychology ' preparatory to research work in the schools, 
which is to begin next session. This research work has special reference 
to the Higher Diploma in Pedagogy which has been recently instituted 
by the University of London. 

r From Bedford College, Miss Edgell reports that a student is working 
m'-o#n3Di^tion with the Physiologieal Laboratory of the University on 
^ problem of Fatigue in school children. At the College itself 
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researches on children’s methods of memorising poetry and the distinc- 
tions between apperceptive and chance associations are going on. No 
special funds are available. 

In the Northern Universities the work at Manchester, under Pro- 
fessor Findlay, has been more directly concerned with the organisation 
of school activities in the light of general principles of a biological 
and sociological nature. The recent appointment of a lecturer in Ex- 
perimental Psychology in the University will probably secure just that 
co-operation which Dr. Myers desires to see established. 

In Liverpool Mr. Burt is continuing his work on Experimental Tests 
of * General Intelligence, ’ and the following further researches are also 
proceeding : (1) On the Determination and Influence of Ideational Types 
in Children; (2) on Mental Diflerences between the Sexes (at piesent 
concerned mainly wdth sensory acuity, reaction times, attention, 
memory, and emotions, both in children and adults); (3) on the In- 
heritance of Simple Mental Characters (correlation between sensory 
discrimination and reaction time in parent and ofispring); (4) on the 
Transferability of Improvement (symmetrical transference — * cross- 
education ’ — with practice at cutaneous discrimination and tapping, and 
its correlation with improvability in higher capacities). 

There are no special funds available at present, either for apparatus 
or for the encouragement of research students. Considerable spon- 
taneous interest is, however, being shown by teachers, inspectors of 
schools, and social workers. 

In Sheffield the Department of Education is provided with a small 
psychological laboratory, and a small grant is made by the University 
authorities for its maintenance. During the last session a careful 
practical application of Binet’s Intelligence Tests has been made and 
will be reported on at this meeting. A research on the schoolboy’s 
mental reactions to current geography instruction is being prosecuted, 
and a student was engaged during last session upon an inquiry into 
the psychological differences amongst a small group of sub-normal 
children. A course of lectures on ' Modern Methods of Child Study ’ 
was given by the Professor of Education during last session. 

In Scotland connection between experimental psychological methods 
and the study of education is so far recognised that students in training 
in Edinburgh must take a course which includes at least a term’s work 
in the psychological laboratory. The new building for the Training 
College is to contain a laboratory, and, in the meantime, simple experi- 
mental work with simple apparatus is being carried on. Two investiga- 
tions are at present in progress — one concerning the connection between 
the rate of reading a passage and its comprehension — and in the demon- 
stration schools experimients are being carried on in the endeavour to 
determine the main apperceptive types. 

In Aberdeen Mr. J. Lewis McIntyre, the Lecturer in Comparative 
Psychology, takes the psychological work of the students in training. 
He* is at present engaged on experimental work bearing upon the study 
of memory in children of different ages and conditions. He notes 
especially the great need of funds ; the present preliminary work is done 
at the expense of the lecturer. 
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In Glasgow the resources of the Department of Psychology are open 
to students who are interested in educational investigation of a psycho- 
logical character. Dr. Wattes work on Memory and the Psychology of 
Thinking is well enough known to indicate the various directions which 
that might take. 

Under the inspiration of Mr. W. L. Winch, the Teachers’ Guild has 
formed a Eesearch Committee, which receives and discusses abstracts 
from the psychological journals, and assists in the prosecuting of re- 
search in the schools. Mr. Winch has devoted himself to worK 
of the kind for several years, entirely at his own expense. He has 
already published many papers on the subject, and last winter he gave 
a course of lectures, under the auspices of the London County Council, 
dealing with the results of the experimental investigation of educational 
problems, not only so far as they concern the teacher, but also those of 
the administrator — e.g., the relation between bodily growth and mental 
progress in schools, athletics and school progress, when children should 
begin school, &c. 

Mr. H. S. Lawson, of Wolverhampton, has also conducted im- 
portant inquiries partly in connection with the British Association and 
partly privately. His private inquiries aim at (1) obtaining a hierarchy 
of coefficients of correlation for tests which ' tap ’ the higher mental 
levels ; (2) showing that simple mental tests designed to expose natural 
ability (inborn) are a better criterion of merit than the ordinary official 
examination which is prescribed for boys who desire secondary educa- 
tion, and who present themselves for the scholarship examination at 
Wolverhampton Grammar School. 

This review of the present position of the movement towards research 
into educational problems is necessarily incomplete. It considers the 
subject from a point of view which many will consider very partial and 
tentative, and, even within that narrow range, probably much has 
escaped its attention. Nevertheless the report shows that a considerable 
amount of work is being done in almost all the directions in which out- 
of -school research can help to solve the teacher’s problems — the psycho- 
logist in particular is busy with investigations which concern the process 
of instruction very intimately. Indeed, it seems almost necessary to 
point out that there is just a danger of forgetting the sociological and 
ethical aspects of the educational problem — aspects not less important^ 
than the psychological. The vrhole field of experimental pedagogy 
has been virtually left out of account in this review, and, although 
we may expect to gain much by a study of the results of laboratory work, 
it is, in the Committee’s view, quite likely that the gain to educa- 
tional science will come as much from a study of the methods of the 
la^ratory worker as from his achievements. In any case, those results 
will have to be selected and adapted to the special needs of the teacher 
^d to the actual conditions of class-room work before they can be 
lEtoporated into any systematic body of doctrine which will in the 
, ^nd for the science of education. But class-room investigations 
results of any permanent value must be conducted with 
as near m approach to the rigours of exact science as the conditiojaslvilL 
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allow. It is ill the hope of its producing a body of teacher-workers, 
capable of conducting investigations of that kind, that the present ten- 
dency to give to the teaching of pyschology a more practical and experi- 
mental basis should, in the Committee’s view, be welcomed. They have 
drawn up, as an appendix to their report, a list of typical problems which 
seem to them to call for systematic inquiry. 

The Cpinmittee wish finally to draw the attention of the Section to 
the urgent need for funds in the furtherance of educational research. 
The work is being done at present in this country under severe handi- 
caps, both of time and money. So much is being accomplished in 
Europe and America that the national honour seems almost at stake. 
When may we hope to see such an institution as Teachers’ College in 
our country — a great institution devoted to advanced pedagogical study 
and research? At least, in their view, the subject should be regarded as 
ranking with medicine and other University studies in this respect, and 
as needing the same financial support for purposes of research as other 
departments of knowledge. The needs of departments of education in 
Universities are apt to be overlooked by the Treasury, which considers 
them already provided for from other funds, but grants from the Board 
of Education at present cover tuition fees only; they take no account 
whatever of the need for research. 

In conclusion, the Committee express the hope that they may be re- 
appointed, to consider and report upon developments in the direction 
which they have described. 


APPENDIX. 

Typical Problems for Eesbaroh in Education 

A. Questions of a Psychological Character, 

(1) The child as an observer — ^how far is he dependent upon inner 
factors for his direction ? 

(2) The capacity of children of various ages for receiving and resist- 
ing suggestion (a) from the teacher;, (h) from books, pictures, physical 
environment; and (c) from other children. Contra-suggestion. 

(3) The active and the passive type of child — ^their psychological 
characteristics. The possibility of determining other types. 

(4) The varieties of imagery in the mental life of children, and its 
relation to methods of instruction — image types. 

(6) The relation of the child’s vocabulary to his mind-content, as 
shown (i) by his spoken (ii) by his written words and sentences. 

(6) The development of children’s memory powers — ^types of 
memory. 

(7) Attention — ^the problem of its development — ^types. 

(8) Mental elaboration — ^association — the development of general 
ideas — ^ways in which children reason. 

(9) The child’s motor activities — ^the psychology of the child 
draughtsman — expression and representation — conventions and symbols 
— ^wdien do they appeal to the child ? 
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psycliological differences in children — ^normal and sub- 
question of psychological diagnosis. Sex differences— are 
they fundamental or due to circumstances and training? 

(12) The study of intelligence : — ^ 

(i) Special forms of intelligence. 

(a) general intelligence with specific mind 

(iii) Intelligence and age — averages 

(iv) Tests of ability. 

/I f \ Problem of formal training. 

habSSaSStn”:' “■* 

iuelMor* ■’“'’“““Si' The educalional in- 

(i) The corporate life of school. 

(ip Self-government. 

(lu) School or class customs and traditions. 

(iv) School games. 

(16) Character and temperament: 

(i) The deteimination of types. 

(ii) The classification of defects. 

(17) Differences of ability in various social classes. 

of more direct Pedagogic Gharacier. 

BpiS ir”-" 

3 The <?f teaching various subS 

ebilSJ'*' toBtomt ol d„U a»d q.-hk 

(5) Patigue. Length of school hours. 

m physical and manual training of a formal kind 

(7) Oo-ordmation of home and school life 

T o °f Sociological Character. 

S organisation of societv 

- the°mlu2^tion of 
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Corresponding Societies Committee. — Report of the Committee, consisting 

of Mr. W. Whitaker {Chairman), Mr. W. P. D. STEBsma 

(Secretary), Rev. J. 0. Sevan, Sir Edward Brabrook, Dr. J. G. 
Garson, Principal E. H. Grippiths, Mx. T. V. Holmes, Mr. J. 

Hopkinson, Mr. A. L. Lewis, Professor R. Meldola, Mr. E. W. 

Rudler, Rev. T. R. R. Stbbbing, and the President and 

General Oppicers. {Drawn up by the Secretary.) 

The Committee beg leave to recommend that the Bournemouth 
Natural Science Society and the Torquay Natural History Society be 
placed on the list of Affiliated Societies, and that the Hull Junior Field 
Naturalists’ Society and the Llandudno and District Field Club be placed 
on the list of Associated Societies. An application has also been received 
from the Hampstead Scientific Society for affiliation as possessors of a 
second-class meteorological station, but could not be allowed under the 
rules of the Association as the records obtained were not published in 
the Society’s proceedings. 

The Committee recommend that the Halifax Scientific Society, as 
it has found itself unable to continue the publication of its Journal, 
should be removed from the rank of an Affiliated to that of an Associated 
Society. The Bath Natural History and Antiquarian Field Club, and 
the Manchester Field Club, owing to their discontinuance, are removed 
from the list, 

The Committee have received applications for literary help from the 
Birmingham Field Naturalists’ Club, an outside society, so as to ensure 
the continuance of its recently started magazine; and for monetary 
help from the Bradford Scientific Society, which finds itself unable to 
continue its quarterly journal without outside help. The Hon. Secre- 
tary informs the Committee that the Society has lost 60h through this 
journal in the last six years. 

Dr. Tempest Anderson has promised to preside at the Conference 
in Sheffield, and to deliver an address to the delegates. 

The Committee have decided that the following subject be brought 
before the Conference for discussion: — 

* That a Committee of Biologists be formed to recommend the adop- 
tion of a definite system on which collectors should record their 
captures. ' To be introduced by Mr. P. Balfour Browne (Belfast). 

Other subjects for discussion have been suggested by the Dumfries- 
shire and Galloway Natural History and Antiquarian Society and the 
Liverpool Engineering Society, which it is hoped their delegates will 
introduce. 

The Committee ask to be reappointed, but with the name of Dr. 
A. C. Haddon in place of Professor R. Meldola, who has tendered his 
resignation. The Committee also apply for a grant of 25L 
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Re'port of the Conference of Delegates of Oorresfonding Societies held 
at Sheffield on Seftemher 1 and 6, 1910. 

Chairman .... Dr. Tempest Anderson. 
Vice-Chairman . . . . Prof. P. F. Kendall. 

Secretary . . . . W. P. D. St ebbing. 


First Meeting, Sepemher 1. 

The meeting was presided over by Dr. Tempest Anderson, Chairman of the 
Conference. The Corresponding Societies Committee was represented by the 
Rev. J. 0. Sevan, Sir Edward Brabrook, Dr. J. fir. Garson, Mr, T. V. Holmes, 
Mr. W. P. D. Stebbing, and Mr'. "W. WTiitaker. 

The Chairman, after the Secretary had read the report of the Corresponding 
Societies Committee, opened the Conference by giving the following Address and 
a demonstration on some methods of optical projection. 


Chairman's Address, 


It is understood that the Sections deal with results of investigations in 
various branches of science, while this Conference is concerned chiefly with 
methods of conducting such investigations, and especially in co-ordinating the 
efforts of our Corresponding Societies in carrying them out. I think we may 
fairly include in our programme methods of demonstration of such results before 
audiences, large and small, as questions relating to these constantly force them- 
selves on the officials of scientific societies. I propose, therefore, to speak on 
some methods of optical projection to which I have paid attention for many, I am 
afraid to say how many, years. 

At the meeting of this Association at Aberdeen in 1885 I read a paper in 
Section C on the ‘ "Volcanoes of Auvergne,* the abstract of which in the Annual 
Report begins as follows : — 

‘The modem dry-plate process of photography has placed in the hands of 
geologists the power of rapidly and faithfully recording and reproducing before 
an audience of any size many geological, and especially volcanic, phenomena which 
it would be impossible adequately to describe in words. 

‘By means of Jhe oxyhydrogen lantern a number of photographs which had 
been taken by the author in the volcanic district of the Auvergne and adjacent 
parts of the Velay and Vivarais, in Central France, were shown on the screen.* 

This now reads like a truism. It was then a novelty, and I remember 
the then President of the Section {Professor Judd) remarking that he thought 
the process employed might be of value in recording geological, and especiMly 
volcanic, facts. Unfortunately the Annual Reports do not contain any account of 
the discussions following papers, so that I am unable to quote the exact words. 

Three years later, at the Bath Meeting, I read a similar paper on the 
‘Volcanoes of the Two Sicilies,* which was also illustrated by lantern photo- 
graphs of Vesuvius, Etna, Stromboli, and Vulcano, and at the same meeting Mr. 
Osmund W. Jeffs read a paper on ‘Local Geological Photography,* in which he 
urged the importance of the new method. The result was the appointment at 
the next meeting, at Newcastle in 1889, of a ‘ Committee for the Collection, 
Preservation, and Systematic Registration of Geological Photographs,* the 
valuable results of whose labours are known to you all. 

Projection of lantern photographs is now the recognised method of lecture 
illustration, and needs no further recommendation : ‘ Good wine needs no bush.* 

There are, however, cas^ when the object to be described is of small size, 
and where it would be convenient to show an image of the object itself. 


i Opaque Projection. 

; /'litey ^tempts have been made to produce an instrument which would project 
^ the of oj^que objects not larger, say, than a postcard, the 
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image to be of a size, brightness, and definition sufficient to render it visible 
to an audience. In most of the earlier apparatus the object was illuminated by- 
limelight concentrated on it by an ordinary condenser, and was placed upside 
down and vertical, so as to be parallel to the screen, on which the image was 
projected by a lens, with its axis horizontal. This arrangement gave an image 
which was correct when viewed through a semi-transparent screen, so that the 
lantern had to be behind the screen. If it were placed in front in the usual 
way the image could be obtained right way up by the ordinary method of in- 
verting the object, but in that case it was inverted from side to side, like the 
image of a person as seen by himself in a looking-glass. This rendered labels 
and all printed and written descriptions illegible, and made the apparatus 
useless for showing diagrams and figures in books. This difficulty can be got 
over by reflecting the rays on their way to the screen by a plane mirror, which 
produces a similar, error in the other meridian, so that the whole can be set 
right by altering the position of the object. The optic axis of the lens can 
also be kept vertical, and the object lies flat, which is a great advantage for 
small, loose objects on trays, such as fossils, or coins and medals. 

I employed this device in an instrument I devised and had constructed in 
1905-06 before the British Association Meeting at York. A lantern was required 
to project photographic slides on a very large screen so as to be visible to an 
audience of, say, 1,500 or 2,000 at the evening lectures. It was decided to 
make one with every item the best possible. I had an old Dalmeyer portrait 
lens that was very suitable for the front projection lens, and it was found on 
inquiry and experiment that a condenser with a meniscus as the back lens gave 
the best results. Such an one was procured, and this completed the optical 
part of the outfit. It remained to obtain an electric lamp that would give with 
the 200-volt town supply the most powerful and steady light available. Mr. 
Hame, of the Corporation Electric Department, and his junior, Mr. Foster, 
were at much trouble in getting such an one which had been found reliable. 
It had a hand feed. These components were all plotted in their places on paper 
and a lantern drawn round them. The lantern was made by a local joiner and 
worked perfectly the first time it was tried. It is the best and most powerful one 
I have seen, except perhaps that at the Alpine Club in London, where the 
different components were selected separately by various experts in a similar 
manner. 

I tried to combine an apparatus for opaque projection with this by using 
the very powerful horizontal beam of light issuing from the condenser and 
turning it down on the opaque object by a plane mirror. The light, as it 
came off from the object, was collected by a rapid portrait lens, placed vertically, 
and reflected on to the screen by a mirror as described above. The image 
appeared right way up, right side forward, and of suitable size, and the result 
was thus satisfactory as showing that our optical calculations were correct; but 
the loss of light by reflection from two mirrors and from the object, besides 
that by passing through several pieces of glass in the condensers and lenses, 
was so great that the attempt was abandoned for the, time. 

It will be remembered that the voltage necessary for a vSingle arc light is 
only 40 to 50, and if a current of a higher pressure be used, which in our case is 
220 volts, it is necessary to introduce a resistance which reduces the amount 
that can pass, and converts the surplus energy^ into heat which is wasted. 

In the spring of this year I saw an account of a new lamp invented by 
Mr. Beardmore, and made by Marion & Co., which woujd work four arc- 
lights in series with one current, used four times over; only a very small 
resistance was thus required to steady the flow, so that practically all the 
power was utilised. The arcs being arranged in close proximity give a very 
brilliant light without a condenser, and a concave white screen behind utilises 
much light that would otherwise be wasted. 

Mr. Hame was again kind enough to order the proper size of lamp, while 
Mr. Foster again superintended the practical fitting. The result is that -^ve 
get four powerful arcs almost close to the object, which is thus intensely 
lighted, and the light from it is taken up as before by the lens and mirror and 
focussed on the screen. No advantage was found by the introduction of con- 
densers, which, moreover, rendered the light streaky and uneven. 
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Several opaque objects, such as a watch face, jpencil diagrams on a porcelain 
slate, pieces of polished marble, and small fossils, were shown satisfactorily 
on the screen. It is hoped that the use of a water-tank with glass sides may 
reduce the heat sufficiently to enable natural history specimens to be safely 
shown. 

The accompanying sketch shows diagrammatically the general arrangement of 
the apparatus in side elevation. 



A, Four-arc lamp in profile; b, cooling tank; c, object on adjustable block; 
D, concave white screens; E, rapid portrait lens; h, plane mirror; k, path of 
rays to screen. 

The thanks of the meeting for the Chairman’s valuable address and demonstra- 
tion were proposed by Professor P. F, Kendall. 

Mr. A. Archibald (Tunbridge Wells Natural History and Philosophical 
Society), in seconding the vote of thanks, said that he would like to mention that 
a simple form of instrument upon the principle of the aphengescope will be 
found of great value in the class-room, but to place the image in its correct 
position the lantern and reflector attached should be placed at the back of a glass 
screen. The glass should be as thin as possible, having a frosted or opaque surface 
to the audience. Certain mechanical arrangements of shape and reflector can be 
used according as the flat or raised surface of objects is required for projection. 
The cost of such an instrument would be very small apart from the ordinary 
lantern to which it is fixed. He has fmmd the instrument most useful in the 

field of numismatics and geology. 

% 

Systematic Becording of Captures, 

Mr. F. Balfour Browne (Belfast Naturalists’ Field Club) opened a discussion 
on the following motion : ‘ That a Committee of Biologists be formed to recom- 
mend the adoption of a Definite System on which collectors should record their 
captures.’ He said that bis aim was to make the work of the collector 
more capable of assimilation by those who study distribution in the 
British Islands. He pointed out that in a great numl>er of cases the collector 
^mbllshes his list of captures, only vaguely indicating the limits of the district 
worked, such titles as * Butterflies from the neighbourhood of , . or 
the district surrounding . . being common. 

would adopt a uniform system of recording the results of their 
i deal of trouble would be saved to the student of distribution 
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Several attempts have already been made to organise such a system. H. C. 
Watson, in the ‘ Cybele Britannica/ inaugurated the ‘ county and vice-county 
system,’ recording the distribution of plants according to their occurrence in the 
various counties of England and Scotland, but the larger counties he divided up 
into two or more vice-counties, with the object of making all his areas more or 
less equal. He also gave a number to each division. 

C. C. Babington applied the same system to Ireland, continuing Watson’s 
numbering, so that he commenced with 113 and made altogether 37 divisions. 
McNab slightly modified Babington’s divisions, and renumbered them, com- 
mencing with 1. The Conchological Society of Great Britain and Ireland has 
officially adopted the county and vice-county system, accepting Watson’s divisions 
(and numbering?) for England and Scotland, but" taking McNab’s modifications 
for Ireland, and renumbering the Irish divisions, commencing with 113 but not 
adopting the numbering of Babington. 

Braeger in 1896 reviewed the Irish subdivisions and again made some altera- 
tions, and once more renumbered them, and his emendations have been almost 
universally accepted by the younger generation of Irish naturalists. In Scotland 
there appear to be two factions, one of which adopts Watson’s system, while the 
other divides the country up into ‘faunal areas,’ the boundaries of which are 
those of the main drainage areas. 

There are, therefore, several systems at present in use, and Mr. Balfour Browne 
said that it was with a view to bringing them into line that he suggested that a 
strong committee of biologists should be formed to recommend a definite system, 
after consulting those who have adopted any of the methods at present in vogue. 
Such a committee would carry weight with all the local societies, and no doubt 
the editors of the numerous natural history publications would also pay regard to 
any recommendation the Committee might make. 

Mr. P. Ewing (Glasgow Natural History Society) said that the subject was 
a large and complicated one, of the peculiarities of which he had gained sonie 
experience while v/orkmg on the Glasgow catalogue of native plants, into which 
the result of fifteen years’ personal work had been incorporated, the area covered 
being the Watsonian vice-counties forming the West of Scotland. Speaking for 
that district many divisional systems had been in use and had been discarded 
for various reasons. Harvie-Brown’s naturalists’ map, while satisfactory doubt- 
less for avifaunal requirements, was not so well adapted for working the flora, 
the divisions being too large. Division by squares was also open to objections, 
as in that case you v/cre dealing with imaginary lines, and one could never tell 
on which side of the line he was working in mountainous country. Since the last 
visit of the British Association to Glasgow in 1901 a great stimulus had been given 
to the work of recording species. The plan followed had been to take the Clyde 
drainage area as a basis and to note localities, plant associations, &c. This had 
stood the test of time much better than many of tho more artificial systems. At 
least one can always tell on which side of a stream or watershed one is, and the 
localisation is definite enough for scientific purposes and not sufficiently clear to 
aid the extermination of our rarer species. ‘ In my own work I always saw the 
plant myself, and when in doubt had the opinion of an expert on the plant before 
passing it, and from what I have seen I am convinced that nothing short of tMs is 
of any value. No doubt this method involves an enormous amount of work which 
cannot well be subdivided, but correlation from scientific magazines, the trans- 
actions of scientific societies, &c,, I found could not in all cases be trusted. So 
far as Scotland -is concerned, flowering plants, mosses, hepatics, and fungi have 
been well recorded, and many doubtful species re-recorded in recent years, so that 
there is a large body of trustworthy infonnation ready at hand to begin operations 
upon.’ 

Mr, T. Sheppard (Yorkshire Naturalists’ Union) said that in his opinion the 
present Watsonian division into vice-counties seemed to meet most requirements, 
and as it was already in use pretty generally it seemed to be hardly worth while 
to alter it, particularly as anjr alteration would in the future cause confusion. 
With regard to editors of publications it was, of course, possible to publish lists 
of daisies and buttercups or anything else sent in, but he thought that nowadays a 
fair amount of discretion was used in jpublishing lists, and so far as possible the 
necessary information relating to contributions, &c», is given. 
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Professor P. F. Kendall said that while recognising the importance ot 
uniformity he feared that it could not be secured unless some inducements were 
held out to observers to conform to any scheme either by reward or punishment. 
The strongest inducement would be to offer a good map, and if the speaker were 
engaged upon a distributional problem he should certainly employ such a map as 
that of Scotland, exhibited by Mr. Balfour Browne. 

Mr. Wilfrid Mark Webb (Sclborne Society) said that the difficulty of the 
task ought not to be considered, and that the method chosen should be that which 
allowed of generalisation being most easily made. Maps showing the boundaries 
of the river valleys would be most useM. 

Mr. Whitaker (Croydon N. H. and Scientific Society) mentioned that county 
boundaries meant nothing from the zoological point of view. 

Mr. Harold Wager (Leeds Naturalists’ Club and Scientific Association) also 
spoke. 

Mr. Balfour Browne in his reply said the system he advocated was meant to be 
arbitrary. The question arose as to what procedure could be taken if the Con- 
ference passed the motion, as the Conference of Delegates apparently had no power 
to apply to the Committee of Recommendations for the appointment of a special 
' committee. 

Professor W. W. Watts (Caradoc and Severn Valley Field Club and Birming- 
ham N. H. and Philosophical Society) thereupon moved as an amendment : * That 
the Conference of Delegates approves of the proposal of Mr. F. Balfour Browne, 
that a committee of biologists be formed to recommend the adoption of a definite 
system on which collectors should record their captures; and desires its repre- 
sentatives to support before the Committee of Recommendations a proposal from 
Sections D and K for the appointment of a committee to carry out the suggestion.’ 
This was seconded by Mr. W. Whitaker. 

Mr. F. Balfour Browne accepted the amendment, which was passed, and under- 
took to bring the matter without delay before Sections D and K with a view to 
nominating the committee. 

Second Meeting, September 6. 

In the absence of the Chairman through indisposition, the meeting was pre- 
sided over by Professor P. F. Kendall (Vice-Chairman), 

Professor Kendall, in calling upon Mr. T. R. Wilton (Liverpool Engineering 
Society), laid emphasis on the far-reaching effects brought about through the 
revived use of the roads upon the country and the people in their neighbourhood. 

The Adafiation of Boads to Fast and Heavy Motor Traffic. 

By T. R. Wilton, AssocMArntG^E. 

In bringing forward for discussion the desirability of a further investigation 
of road conditions I feel that the matter is one of which a great deal has been 
heard and about which much discussion has already taken place. Never- 
theless, it is a matter of which a final solution can never be found, as modifica- 
tions in traffic must take place as time goes on. It will perhaps be better first 
to differentiate between the various kind^s of traffic which use the roads at the 
present time, and for this purpose the following rough division into classes may 
be made: (1) Light and fast horse-drawn vehicles; (2) Heavy horse-drawn 
vehicles; (3) Light and fast motor vehicles and cycles; (4) Heavy fast motor- 
vehicles ; (5) Heavy slow motor- vehicles, including traction engines. 

The varied requirements of these different classes of traffic are somewhat 
diverse, and may be summarised briefly as follows : — 

1. Light horse-drawn vehicles require a smooth and easy-running surface 
for the wheels, together with reasonably good foothold for the horse and 
easy gradients, but great strength of road to withstand heavy wffieel-pressures 
without deformation is unnecessary. 

2. Heavy horse-drawn vehicles require, in addition to a smooth-running sur- 
face for the wheels, considerable strength of road to withstand heavy wheel- 
pressure and the action of the horses’ shoes, which tend to break up the road. 

3. Light and fast motor vebioles and cycles require a smooth surface devoid 
of mud, and one which will not become greasy in any weather or unreasonably 
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dusty in dry weather, and preferably a level, straight road; hut if the road must 
have curves or gradients, large radius curves and easy gradients. 

4, Heavy and fast mo tor- vehicles require a similar surface, provided it gives 
sufficient adhesion on inclines; also easy curves and gradients and groat strength 
to withstand the heavy wheel-pressures. 

5. Very heavy slow motor-vehicles and traction-engines require very great 
road strength, otherwise the deformation of the road in bad weather may be 
so great that not only is the road seriously damaged, but the vehicle itself is 
‘stalled,’ the action of the wheels in some cases being so great that on bad 
roads the vehicle digs a species of pit through the action of the wheels rotating 
in one place in their endeavour to force the vehicle along. This class of traffic 
also requires bridges which are abnormally strong. 

Looked at from the point of view of the country at large, two interests are 
very seriously involved. The first is that of the general commercial, manufac- 
tuiing, and agricultural community, and of the carriers who desire cheap and 
quick transport, of goods; the second is that of the general community living 
near the roads whose houses and land ma;3»’ be depreciated in value by ■ the 
dust and noise of traffic, and who, moreover, are taxed for the maintenance 
of the roads of which the cost of upkeep rises as the quantity of motor traffic 
increases. 

Many methods of adapting the roads to motor traffic have been tried— some 
in the nature of palliatives and some in the nature of radical changes — and a 
great number of experiments and observations have been made to determine the 
effects of these various methods on resistance to traction, Avear of road surfaces, 
and the effect of dust-proofing or diist-laying materials, both as regards the road 
itself and the effect of these materials on the surrounding land. 

Despite this, a very large amount remains to be clone, and I suggest 
that it is desirable te obtain further information on the following points : — 

1. The detemiination of what may be called the economical compromise 
gradient for various districts, that is, the gradient which is the best compromise 
between a perfectly kvel road requiring considerable alteration of road surface, 
very expensive to carry out, and a road following the natural contours of the 
ground, and consequently often forming very steep gradients expensive in horse- 
ilesh or motor power. 

2. The tractive force necessary on various gradients with various types of 
road surface and conditions of Aveather. 

3. The advantage of various types of surfaces in resisting destruction by the 
wheels of motors, in giving adhesion, and in preventing side-slip, combined with 
tests of the quality of foothold that they provide for horses. 

4. The maximum cross-gradient that roads of various types may haA^e without 
becoming unsuitable for motor traffic. A perfectly flat road would be best for 
motor traffic, but such a road devoid of cross- fail would not drain in wet 
Aveather, and would probably get in bad condition, even if Avaterproofed by tax 
or asphaltic dressings. 

5. The effect of various dust-laying materials on the trees and herbage adjoin- 
ing the road and on the feet of horses using the road. 

6. The desirability of strengthening or rebuilding the older road bridges 
which are now not available for very heavy traffic, in order that they may all 
be capable of carrying heavy tractors of a fixed standard axle-weight, 

I also suggest that it is desirable to investigate the advantages of forming 
motor-traffic roads which would connect all towns and large villages and should 
intersect the country, so that no place might be more than a few miles from 
one of these roads, except in districts where obviously traffic Avould not justify 
this expenditure. 

Motor-traffic roads should be graded, aligned, and super- elevated at curves 
with as much skill as is applied to the location and construction of a railway, 
and it is desirable to inquire whether it would he possible to adapt the ordinary 
roads to form these motor-traffic roads. 

So long ago as November 7, 1883, Mr. Alfred Holt, M.Inst.C.E., the well- 
known Liverpool shipowner, was explaining and advocating his Lancashire 
plateway scheme before the Liverpool Engineering Society. This plateway was 
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a species of railway in which the rails furnished a flat surface provided with a 
flange so that either ordinary carts and waggons or railway trucks could run on 
it and be hauled by ordinary railway-engines. 

Before the same Society last February, Mr. John Alexander Brodie, the City 
Engineer of Liverpool, advocated the general principle of the plate way, if 
constructed in a manner suitable to modern requirements, giving as advantages 
of a modified plateway the following : (1) Greatest economy in construction ; 
(2) Great economy in haulage; (3) Absence of terminal charges; (4) Suitability 
for all classes of vehicles at present used for heavy traffic; and (5) The simplest 
possible arrangements for connecting up to mill, manufactory, or ship, 

1 suggest that a motor-traffic road should consist essentially of eight 
steel or iron * runways ’ (to use a term applied to the longitudinal stone tracks 
used in some towns), each of sufficient breadth to ensure that all vehicles could 
keep their wheels on these, the runways thus forming four definite tracks as on a 
railway, and the intermediate part of the road being a dust-proof pavement, 
such as asphaltic macadam or macadam tar-treated, which would give foothold for 
horses and at the same time be sufficiently strong to bear the load of a vehicle 
occasionally turning out’ to pass another vehicle. In order to secure the proper 
working of traffic on this road it would be necessary to confine slow vehicles 
to two of the tracks and fast vehicles to the other two, and only to allow slow 
vehicles to cross the fast tracks at given points, such as side road turnings, and 
only to turn out into the fast tracks in order to pass slower traffic when there 
was ample distance from any fast traffic coming along. 

Such runways would enable vehicles to be hauled with less than half the 
frictional resistance of that which even good roads offer, and would give a 
perfectly even surface similar in smoothness to a railway line. Consequently, 
not only would economy be effected in the power required for haulage, but the 
wear and tear of horse-flesh and of motors and other vehicles would be enor- 
mously lessened, and it would be possible to do away with the expense of 
pneumatic or rubber tyres, save where these were required to ensure absolute 
noiselessness in pleasure vehicles. Ordinary farm waggons, by a small alteration, 
might be made capable of being drawn on this runway in trains hauled by motors. 
As an outline type of motor-tiuffic road the foregoing may serve as a basis of 
discussion or investigation. Whether the construction of such a type of road 
would be beneficial to the country generally from the financial aspect requires 
consideration. I venture to think tiiat it would be. But if such motor-traffic 
roads were advantageous, the following points would need investigation : — 

‘ 1. The limits of wheel-gauge desirable, i.c., as to the maximum and minimmn 
gauge which a track should be constructed to suit. The nearer these were to 
coincidence, the less the cost of track construction would be. 

2. The cross-gradient and super-elevation at curves and the minimmn radius 
of curves. 

3. The allowable wheel-pressures and allowable dimensions and types of 
wheel and tyre. 

4. 'The loading gauge of vehicles and cleaiunccs between passing vehicles of 
fast and slow traffic. 

5. The limiting velocities of fast and slow traffic. 

6. The type of metal most suitable for the runways and the most suitable 
form of construction of the road. 

The discussion on this Paper was opened by Professor Kendall, who was 
followed by Mr. William Watts (Geological and Mining Society of Manchester), 
who, speaking of the district around Wilmslow and Alderley Edge, Cheshire, said 
it is not safe for a lady or gentleman neatly dressed to travel on the main roads 
after a spell of fine weather for fear of getting their clothes covered with dust 
raised by the motors so frequently passing that way, whilst on muddy roads one 
runs the risk of getting splashed with dirty water settled in ruts, as some of the 
drivers pay no regard to the comfort of the pedestrians on the footpaths. The 
hedges and small trees are covered with dust, and doubtless their growth is 
in ocmsequence of the pores in the leaves getting choked with it; and for 
on both sides of the roads the herbage, oerqal, and root crops are 
the land is much reduced in value and wUi not let for the building 
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of a better class of houses. He was recently informed that a farmer pastxiring 
cows in a field bordering on the main road lost three of them bj^ death in a very 
short time, all apparently from the same cause. When the last one died a 
veterinary .surgeon was called in, and on opening the cow he found a hai'd ball of 
dust in its stomach, which he declared to be the cause of death, as there was no 
trace of disease in the animal. This is an extreme case no doubt, but it indicates 
to what extent motor dust is injurious. Motors are also a nuisance and a danger 
in passing through villages, especially to the shop-keeping class, and the speed- 
lunit should be much reduced. He did not agree^with the reader of the Paper 
that roads should be specially lirovided for this class of pleasure traffic. AH 
classes of society should have equal right to the use of public roads for vehicular 
traffic of every kind, and the rates of the district should not be drawn upon for 
the exclusive use of a privileged class. In some villages the rates are consider- 
ably drawn npon for road watering to lay the dust created by the passing motors, 
and in some instances the surface of the roads is being formed of material not 
suited to bear heavy loads. No surveyor who understands his profession will 
make his roads with too much camber. 

Mr. J. A. Longd-en (Institution of Mining Engineers), referring to th© treat- 
ment of roads, said that tar macadam had come to stop, and that spraying was 
only a temporary measure. He noticed at Dunkeld a few years ago that tar had 
been sprayed on the narrow streets, and as it was wet weather, when any vehicle 
came down the street the tar was splashed right across the footpath, ruining every- 
body’s clothes. Spraying has no doiibt been improved since then, but the fact 
remains that spraying is a mistake unless you have a tar macadam road first, and 
then a little tar and dust to renew the surface may be beneficial, but he thought 
that the less spraying there is the better. The dust question in Derbyshire, 
where th© roads are chiefiy of limestone, is most serious. Speaking of a conversa- 
tion he had recently with Sir George Gibb, the Chairman of the Koad Board, and 
Colonel Crompton, the consulting engineer, so far as he could gather they wei*e 
both of them distinctly in favour of tar macadam. He was afraid the 600,000?. 
per annum which they have at their disposal will not go very far in putting the 
roads of Great Britain into good condition, and we shall probably find that this 
sum, which is derived principally from the use of motor-cars, will be spent in 
improving the main roads which are used by motor-ears most frequently. 

Mr. J. H, Priestley (Bristol Naturalists’ Society) said that a good many plants 
Tvere not harmed by dust, as the hairs on their leaves protected them. He had 
also been told by farmers that the ravages of the turnip flea beetle were largejy 
minimised by the dust which drifted over the fields from neighbouring roads. 
Some tars, or tar-lik© materials, should not be put down, a.s they spoilt plant life 
by vaporisation. An insoluble material should be used. It was desirable that 
naturalists’ societies should show a keen interest in the question of improving tlio 
roads, so that vegetation and animal life did not suffer either from the prepara- 
tions applied to the road or from the traflic using the road, and not simply take 
up a conservative attitude and deprecate the inevitable use of motor-driven 
vehicles in country districts. 

Pi’ofessor W. W. Watts (Birmingham N. H. and Philosophical Society) said 
that with th© new conditions of I'oad traflic we must revise our ideas. I'h© 
unskilfully made road, with occasional watepng to lay the dust, is now no longer 
feasible. Again, the road trouble is mainly (iue to the difficulty of accommodating 
two classes of traffic, wheel- traction and hoof -traction. The best types of sur- 
face for the former were not the best for the latter form of traction. The dust 
nuisance is so great an evil that it must be combated and abolished. Something 
has been done already, for forty years ago roads were almost as dusty under horse 
traffic as they now are under motor traffic, and the same observation applied to 
i’ailways before proper ballast was used. Among th© things wanted are (1) proper 
foundations like those built under th© Roman roads; (2) greatly diminished 
camber to distribute th© traffic, to avoid skidding, and to diminish water erosion ; 
(5) waterproofing of the surface and a proper binding of the constituents to check 
grinding and shifting of these materiMs; (4) the removal- of dust and mud as 
formed instead of replacing it as ‘binding ’ to renew th© same vicious cycle. 

Principal Griffiths drew attention in the revised use of„the roads to the offence 
to the eyes of the motor-trade advertisements, to which the firms say they are 
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opposed, but to wliich they are driven by competition. The evil should be con- 
trolled by legislation. As to the injurious dust from tarred roads, this was due to 
the use of bad materials. Pure tar Had not the same faults. 

Mr. W. P. D. Stebbing mentioned as one of the results of spraying that fish 
were said to be poisoned by water draining from roads so treated into neigh- 
bouring streanrs. To account for some of the present road troubles he drew 
attention to their almost utter neglect since the introduction of railways. Up to 
that date continuous improvements were being made, and coach traffic was at 
such a pitch of perfection that with relays of horses speeds of ten to twelve 
miles an hour were kept up for hundreds of miles. 

Mr. A. W. Oke (Brighton and' Hove N. H. and Philosophical Society) spoke 
strongly as to the great injury that was being done by fast motor-traffic to local 
natural history societies and to all those to whom a quiet roadside appealed. 
He thought that all roadside advertisements should be taxed. 

Mr. Bryan Corcoran also spoke. 

Mr, T. R. Wilton, in his reply, sympathised with Professor Kendall in his 
view.s as to the ^ uglifying ’ of the country. As a foot passenger he objected to 
motors, but as an engineer swift motor-traffic appealed strongly to him. He 
considered that Mr. Watts’ statement about the mortality amongst cattle pastured 
on land near roads carrying a great amount of motor traffic emphasised the 
necessity of getting dustless roads. The remarks of Mr. J. H. Priestley about 
the destruction of plants by certain dust-laying materials used on the road 
showed the necessity of only using suitable substances and of investigating their 
eiffect before adopting them. Professor Watts had put the case for road recon- 
struction very clearly in urging the necessity for properly made roads and in 
pointing out the wisdom of large capital expenditure to avoid the heavy annual 
charges necessary on many of the present roads, and the folly of the methods of 
road repair adopted in many districts. Principal Griffiths also had emphasised 
the necessity of only using proper materials on roads in order to avoid damage to 
adjacent lands, and in describing motors as a blessing in disguise, which would 
lead to the roads being made thoroughly dustless, he had expressed an opinion 
which should have a great effect in getting local bodies to take a broadminded 
view of the matter. Professor Watts had dealt with and condemned the high 
camber of roads, but it was necessary to emphasise the fact that high camber 
was extremely bad, and that a road for even ordinary traffic should be as flat 
as was consistent vdth drainage, and in the case of motor traffic that a road with 
slight cross-gradient was essential. 

Discussion on the Ordnance and Geological Survey Maps aiid the 
enhanced Prices, 

Professor Kendall, as Vice-Chairman, introduced a discussion on the above 
matters. In his remarks he said that on notification of this recent prohibitive 
increase of price the Board of Agriculture and Fisheries were memorialised, but 
to no effect, although it was pointed out that the intention of the Geological 
Survey was by such policy defeated. As to the Ordnance Survey he inveighed 
against the policy followed in dealing with the whole of the coiintry, which 
showed inconsistency in both publication, paper, and in the drawing of the 
maps. Such an important matter as contouring was not uniform, and in the 
6-inch maps some changes made in the different editions were not justifiable. 

Professor W. W. Watts confirmed what Professor Kendall had said as to the 
result of the appeal to the Government. As in any case the cost of the Geological 
Survey had to be borne, the cost of the addition of their lines to the uncoloured 
maps could be vei'y little-— the only point is the addition of hand-colouring each 
map, and the expense of this could be easily got back. The matter should not be 
allowed to rest. It was one that especially affected local societies. Professor Watts 
also mentioned that the Ordnance Survey allowed reproduction of their maps for 
schools at cheap rates, but this unfortunately was not general and did not include 
ti|e ^olohr-printed maps. 

. Kidner (Hertfordshire N. H. Society) suggested that concerted actior 

should m taken. He assked if a requisition could not be sent up from the 
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Conference of Delegcites to the Council of the British Association asking them to 
take some action in the matter. 

Mr. A. W. Oke thought that the Chairman had brought forward a matter of 
great importance. If Government would not reconsider their decision could not 
the local societies memorialise their members of Parliament? 

After further discussion, Professor Watts said that the Corresponding 
Societies Committee might consider the advisability of the local societies bringing 
pressure to bear on their members of Parliament,*^ and if so the societies should 
report to the Conunittee the result of their action. 

It was eveiituaily proposed by Mr. Kidner, seconded, and carried unani- 
mously : * That the Corresponding Societies Committee consider the advisability 
of inviting the societies represented at the Conference of Delegates to com- 
municate with the Treasury and with their members of Parliament, with a view 
to reverting to the old prices of the Geological Survey maps.* 

The meeting then adjoiumed, after passing a hearty vote of thanks to 
Dr. Tempest Anderson and Professor Kendall for presiding. 
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Catalogue of the more importmd Papers, especially those referring 
to Local Scientific Investigations, published by the Corresponding 
Societies during the year ending May 31 , 1910 . 


Tills Catalogue contains only tlie titles of papers published in the volumes or 
parts of the publications of the Con-esponding Societies sent to the Secretary of 
the Committee in accordance with Rule 2. 

Section A. — ^Mathematical and Physical Science, 

Anderson, E. M. On the Temperature-Gradients of Deep Bores, with special 
reference to those of the Balfour Bore, Cameron Bridge, Eifeshire. ‘Trans. 
Edinburgh Geol. Soc/ rs. 167-178. 1909. 

Andson, Rev. W. The Weather of 1907, ‘Trans. Dumfriesshire and Galloway 
NT. H. A. Soc.’ XX. 64-69. 1909. 

Banfield, a. C. On a Method of preparing Stereo-photomicrographs. ‘ Journal 
Quekett Mic. Gub,* X. 469-464. 1909. 

Brighton and Hove Natural History and Philosophical Society. Meteorology 
of Brighton. ‘ Report Brighton and Hove N. H. Phil. Soc.’ 1908-09, 48-49. 
1909. 

Oadman, Prof. John (N. Staff. Inst. Eng.). The Ignition of Coal-dust by a Nalsed 
Light. ‘ Trans. Inst. IVIin. Eng.’ xxxviii. 256-268. 1910. 

(S. Staff, and Warwick Inst, Eng.), Some Experiments to illustrate the Ignition 

of Coal-dust by means of Electricity. * Trans. Inst. Min. Eng,’ xxxix. 93-96. 

. 1910. 

Gampbell-Bayard, E. Report of the Meteorological Committee, 1908. ‘Trans. 
Croydon N. H. Soi. Soe.’ 1908-09, 2105, and Appendices, C2 pp» 1909. 

Report of the Meteorological Committee, 1909. * Trans. Croydon N. H. Sci. Soc;* 

1909-10, 3-10, and Appendices, 62 pp, 1910. 

C^ANNON, J. B. The Spectroscopic Binary a Coronae. ‘ Journal Roy. Astr. Soc. of 
Canada,’ Hi. 419-424. 1909. 

Caradoo and Severn Valley Field Club. Meteorological Notes. ‘ Record of 
Bare Facts,’ No. 19, 36-49. 1910. 

Chant, 0. A. Water Vapour and Oxvgeii on Mars. ‘ Journal Roy. Astr. Soc. of 
Canada,’ ni. 426-437. 1909. 

Halley’s Comet. ‘ Journal Roy. Astr. Soc. of Canada,’ tv. 104-115. 1910, 
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1, Integral Eymtions of Lajflace's Type, 

The theory of integral equations may be said to have commenced in 
1782, when Laplace ^ used definite integrals of the type 

^d^<i>{t)dt=f{x) .... (1) 

to solve linear difference and differential equations, for in these 
investigations he gave a method of determining the unknown function 
^(0> appearing under the sign of integration, when a linear differential 
equation satisfied by the function f{x) is known. The determination 
of depends upon the solution of a corresponding linear differential 

» < M^moire sur les approximations des formules qui sont fonctions de tr^s grands 
nombres/ (Emres^ 1. 10, p. 235; Tkeorie amlytique des probaUliUs (Paris: 1812). 
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equation wbieh lias been called by Poincar4 the Laplace transformed 

equafion. 

Laplace extended his method to definite integrals of the type 

== * • t . (2) 

and made considerable use of the method in his researches on probability. 

It win be convenient to call integral equations of the type (1) and 
(2) integral equations of Laplace's type. The term integrals of Laplace’s 
type is sometimes given to integrals of the form 

^cos{xt)<l>{t)dtf 

but it is more convenient to name these after Fourier. 

The integral equation (1) was studied by Abel,^ who obtained a 
number of properties of Laplace’s transformation. Abel also proposed 
the problem of soMng an integral equation of the first kind, and stated 
Shat he had obtained a solution for a general type of equation.” The 
equation (2) was studied as an integral equation for determining ^(jf) 
when gf{^) is known expliciihj by Eobert Murphy"^ in 1832-1834. He 
gave the formula 

<^(^) = coeff. of - in 
z 

and considered the general problem of determining a function x(0 
which 

I 

.... (3) 

o 

when z has the values 1, 2, . . . 5?. _ The last problem had been treated 
previously by Jaeobi/ but not solved completely. It ‘was shown by 
Liouville ■'’* that the above equation cannot be satisfied for all positive 
integral values of z when x(^) is a function which only changes sign a 
finite number of times. This result is of importance in settling the 
question of the miiqumess of the solution of an equation of Laplace’s 
type. The result was extended by Lerch,® in 1892, to the case in which 
x(^)-is continuous, and has been extended to other sequences of values of 
and other t^qpes of function x{^) by a number of subsequent writers.^ 
It has been shown by Kluyver and Nielsen that equations of type (2) 
are of great importance in expansions in series of inverse factorials. 

The integral equation 

CO 

M = .... (4) 


• aSurret, t. 2, p. 67. « JHd., 1. 1, p. 11. 

^ Phi. Tram., vol. iv., 183^, pp. 333-408. 

V'v ♦ am't Journal, vol. i., p. SOI (1826), ‘ lAouvUUt Jmtmal, t. 2, p. 1, 1837. 

, Jtato UMH, 1908, p. 339. 

StMgeg (1893), Gorrei^idamee ie Serutiie et Stielfjet ; Landap, Bend. Palervto, 
Amer. Maik. Soe., 1908 ; W. H. Young, 1910, Meu. Math., 
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was used by Biemann ^ in some researches on the law of distribution of 
prime numbers. He gave the inversion formula 

n+za i 

a—oz i 

This inversion formula has been studied very thoroughly by Meliin,® 
and is of considerable importance in the tlieoiy of the Gamma and 
Hypergeometric functions. The solution of the integral equation (4) 
when f{x) is given for positive integral values of x is known as the 
Problem of the Moments and is of some importance in investigations on 
the Law of Error.^ The equation has been studied in these circum- 
stances by Stieltjes/ in his famous researches on continued fractions. 
He shows that the solution of the equation is not unique unless a 
number of restrictions, indicated by the properties of an associated 
divergent series, are imposed upon the functions / and The results 
of Stieltjes are expounded and generalised by Borel in his book on 
divergent series. 

Stieltjes is also led in the course of his researches to a solution of 
the equation 

CO 

ff^\ _ 

Integral equations of the form (1) are of considerable importance in 
the theory of divergent series which has been developed by Borel, 
le Boy,® Barnes/ Hardy,® Cunningham/ and others. An excellent 
account of the theory is given in Bromwich’s ^ * Infinite Series.* A 
divergent series S is associated with a function 

f(x#) = Sa,-Li 

and fiiialiv with the function 

*/ 

CO 

f{x) = ^e-'f{xt)dt. 

o 

Many interesting properties of these integrals are given in papers by 
the authors just mentioned. 

Lerch has shown that if an integral of the type 

oo 

/(») 

^ Werhe (Weber), p. 140. 

® Aeta 1902, vol. xxv, ; Math Ann,^ 1910, Bd. 68, Heft 3. 

® See for instance tbe papers by F. Y. Edgeworth, €amb, FMl, Imns,^ 1904, 

VOl. XX. 

^ AimaUi d& Toulouse^ 1894, t. 8; 1895, t. 9. 

* Leqons stir les series divm^entes. Paris (1901). 

^ Attnaks de Totihuse (2), t. 2 (1902), p. 317. 

’ PhlL Trans. A., vol. cxcix., pp. 411-500. 

^ Qtiartsfly vol. xxxv. (1903), p. 22; Camhr. Phil Trans. ^ vols. xix-xxi. 

® Proc. Lend, MM. Sec. ser. 2, vol, iii, (1904), p. 161. 

*0 Acta Math.t 1903, p. 339. 
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exists for any real value of x, say x = then it exists for any real value 
of X greater lhan c, 

Pincherle,^ on the other hand, has established the more general 
theorem that if the integral 

1 

o 

converges for a? = «, it must converge for every finite value of x whose 
real, part is greater than or equal to «. Pineherle assumes that is 
finite and continuous in the interval o < i < 1, but this restriction has 
been removed by Landau.- 


2. Fouriars Theorems, 


The name of Fourier is greatly honoured among mathematicians for 
his researches in the conduction of heat^ wherein he was led to 
investigate the general problem of the expansion of an arbitrary 
function in a trigonometrical series, or as it is now called, a Fourier’s 
series. This investigation is only of indirect importance in the theory 
of integral equations, but his discovery of the inversion formulae 


oo 

f{s) = |cos 
0 

CO 

^{t) =:^|cOS St./(5')ir?5 

o 

CO 

= |sin st.x(0d^ 


9 f 

x(i) = ™ sin st.g(s)ds 


and of the double integral 


i{x-\^o)^'i{x—o) = ^ J^fAjeos 


( 1 ) 


( 2 ) 


( 3 ) 


must rani as the greatest discovery in the whole history of the subject. 

The investigations connected with these formulsB are very numerous,'* 
and various conditions for their validity have been obtaine'd. The first 
suiBcient set of conditions appear to have been given by P. du Bois 


* AmmU^ 4e VEenU nartmle stiperie^iiref 1905 (3), t. 52, pp. 9-68. 

® See Nielsen^ Mmidhvch der €fammm Funhtiomn, p. 325. 

» Theme de la chaleur, Paris (1822), Fourier's researches were first 

printed to the Paris Academy in 1807, and afterwards gained the great mathematical 
in 2812. ' 

^ A good Mbliography is given in Carslaw’s Woiirier^s Series and Integrals which 
a proof of the formula (3). Another proof is given in Bromwich’s 
^frks^ aits.19, 20, 169. 
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Eeymond.' The conditions %vere simplified by C. Neumann,^ Dini,^ and 
C. Jordan.'^ The last-named proved equation (fS) on the supposition 
that if(x) is a bounded function of limited total fluctuation such that 



is convergent. These have practically remained the standard conditions 
until the present time, but the results have been recently established 
under slightly different conditions by Hilb/^ Weyl,® Orlando,^ Hobson,® 
and Pringsheim.^ A good account of the present state of the theory is 
given in Pringsheim^s papers. The formulae have been discussed by 
Hobson from the point of view of the Lebesgue integral. Cauchy and 
Poisson discussed the formulae (3) by introducing a convergence 
factor changing the order of integration and finally making k tend 
to zero. This enables us to use the formula in cases when the integrals 
are not convergent without the factor e The method has been dis- 
cussed by Boole and other writers, and has been extended to other 
integral formulae by Sommerfeld,^^ Hardy, and Orr.^® 


3. Apylicatiom of Fotmefs Formulm. 

Fourier’s formulae are of very great importance in all branches of 
mathematical physics in which the phenomena are expressed by means 
of linear partial differential equations. Whenever the equations possess 
solutions of the form 

F(u.,f,77 . . .) cos {at 4- €) 

the solution may be generalised by Fourier^s theorem.. The method 
consists in multiplying by an arbitrary function of a and integrating 
between o and co. The introduction of the boundary conditions peculiar 
to the problem then leads to an integral equation for the unknown 
function, and this may be solved by Fourier’s inversion formula. This 
method of reducing a problem in partial differential equations to the 
solution of an integral equation is of very wide application, and the 
integral equations \vhich occur in this way are of primary importance. 
It also happens that in many cases the inversion formula can be 
expressed in a concise form. 

Cauchy’s method of solving partial differential equations by means 
of definite integrals is founded on an application of Fourier’s theorem, 
or at least the analogous theorem in several variables. 

^ MatK Ann.^ Bd. 4, pp. S62-390 j Crelle^ Bd. 79. 

- JJeber die naeh Kreie-^ Kngel-, %iid Cylinder-'Fmictienm foTUckreitenden 
Entwieliehingefit Leipzig (1881). 

3 SeHe di FmrUr^ Fisa (1880). ^ Court d" Analyse, t. 2, Paris (1891). 

* Math. Ann., 1908, Bd. 66, heft 1. ^ * Dissertatim CoM/iytn, 1908. 

Fend. Zincei, October 1906, voL xvUi., 2nd ser.,1909. 

® JProc. Land. Math* Soe„ 1908. Theory of Functions of a Beal Variable Ch. 

® Jakresberi^^ht der Feuttch. Math. Ver., 1907, Bd. 16 ; Math. Ann., 1910, Bd. 68, 
pp. 367-408. 

Memoire sur la ikcorie det Ondet, ISIS. “ Ihid., 1816. 

*3 Trartt. Irish Acad., voL 21 (1848). JHssertation Mmysherg, 1891. 

Cmnh. Phil. Trans., voL xri. No. 1, pp. 1-48, 

** Proc. Irish Acad., 1909, toL xxvii.. Sect. A, 

1910. 
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Kirchhoff^ made an interesting application of Fourier’s formulae 
when establishing the law of radiation which boars his name. In order 
to show that the law is valid for each separate wave-length he had to 
prove that the equation 

CO 

j sill'* 0(X)dX = o 

o 

could not be satisfied for every positive value of the thickness of a 
transparent plate unless was identically zero. The proof depended 
on a use of Fourier’s formula. 

Fourier’s formulae have many interesting applications in physical 
optics,^ Some of these depend upon the use of a formula duo to 
Eayleigh ^ and extended by Schuster,'^ 

If 

CO CO 

Ai(x) = |cos xtf{t)cU = Isin xt(j>{ti)dt 


then 


CO CO 

A^ix) = |cos xt'^{t)cU B2(a?) = l^in xt\l/{t)cU 

— CO — CD 

CC CO 


Schuster has made an extensive use of this formula in a study of 
interference phenomena. The formula has been extended to integrals 
analogous to those of Fourier by H. Wcyl.’'* 

Some very interesting applications of Fourier’s theorem to the 
pvaluation of definite integrals containing Bessel’s functions have been 
made by Macdonald.^ 


Kdenmm of Fmnerh 'Foniiulte* 

The following generalisation of Fourier’s theorem was obtained by 
Liouville ^ and Hamilton,® If 


^ *— J (ji cI'X 

o 

is such that xl^{x) never exceeds a certain value and 

* Ann, 1860, 109, p, 275. 

* See, for instance, E. T, Whittaker, Monihhj Fotices of the Moyal Astwmmioal 

(1906), p. 85. Sir J. J. Ilioinson, Phil, Mag., vol. xiv. (1007), p. 217. 
A. ,!Eagle, PhU. Mag, (6), vol. xviii. (1909), p. 787. These three papers deal with the 
.radiation from hot bodies, 

pm, Mag,, 1889. « Ibitl,, 1894. 

Gbtt%ng0n, 1908. 

^ Zmd, Mmh, Boc„ vol. xxx v. ( 1 903). 

1836, vol, i., pp. 102-105. ^ Irish Trans,, 1813, vol. xix. 
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~ 03 

has a value A which is neither zero nor infinite, then 

03 OD 

/(^) = ^ . ■ • ( 1 ) 

0 — CO 

Hamilton gave as an example the case when <ji{z) is the Bessel’s 
function, 

= ■ 

and introduced the idea of a fluctuating function. The general formula 
(1) has been established under certain limitations by Du Bois Eeymond ^ 
and in a more general manner by Dr. Hobson ^ in a profound memoir 
which contains proofs of many important theorems. 

In 18G2 C. Neumann gave a formula involving Bessel’s functions 
which is a generalisation of Fourier’s theorem, and some years later 
Hankel obtained the beautiful formulae — 

CO 

/(,t) = 

O 

CO 

f (i) = 

o 

which contain Fourier’s formulae as a particular case. These formulge 
were discovered independently by Sonine. 

Proofs of Hanker s formulae have been given by Du Bois Eeymond,'^ 
Basset,’^' Nielsen,® and Orr.^ The formulae have been discussed with 
the aid of convergence factors by Sommerfeld® and Hardy.® Wejd 
has established them by a general method appropriate for dealing with 
singular integral equations. 

A remarkable extension of Fourier’s formulae has been obtained by 
Heaviside in his electrical researches.^ ^ If h is defined in terms of u by 
means of the equation 

tan h =s ^{n) 

where is a given odd function of Uy then an arbitraiy function 

« Crelle’s Journal, Bd. 69, 1868 ; Bd. 70, 1876. 

® Proe, Zmhd. Math, Soe.y 1909, ser. 2, voL vii. 

» Math. Ann., Bd, 8, 1876, p, 471. 

Proc, Lond, Math. Soc., 1909, ser. 2, vol. vn. 

^ A Treatise 0-71 JETj/drodynamicn, it 

® JSandhndh der CylinderfimUioyieny 1904 (Leipaig). 

’’ Proe. Moy. Irish Aead., 1909. 

® Pissertatimi Konigsberg, 1891. 

^ Camhr, Phil. Trms.y vol. xxi., p. 44. 

Pissertation 6fotii7igeny 1908, 

“ Meciricai PapersyYol.U^'p,. l2%lB%. 
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f{x) which is subject to certain restrictions can be expressed in the 
form 

CO CO 

fi?^) “ X I (■“’ + h)f{l)dwlt 

0 o 

A somewhat analogous result has been obtained recently by Oi r. 

^ If C(X) and S(A) are two polynomials such that the values of A. for 
which C(v) -f i S(\) in zero have negative imaginary parts, and f(x) is 
a function which satisfies Dirichlet’s conditions and is such that 


is convergent, then- 


\^f{x)dx 


oo QO 

CO 0 

= g{/(iK + 0) +/(a!- 0} . X> Q 


C(c<3) fS(c!o) 


fix + 0) . x = 0 


4. Abel’s Integral Sqtiation. 

In 1826 Abel gave the solution of the integral equation 


in a form equivalent to 


f 


0<X<1 
fia) = 0 


_ sin Xx f/(®J 

~V~ J(a — 


He obtained the particular case of the equation in which X = -i in the 
solution of the dynamical problem of finding the form of a cu4o such 
that the time a particle takes to slide down the curve from an arbitrary 
point to the lowest point may be a given function of the are described? 
TIm problem contains the problem of the tautochrone as a particular 

the problem of finding a surface 
of revolution on which the geodesics satisfy certain conditions. The 

case in which the surface has an equator and all the geodesics are elnon/I 
curves has been solved by Darboul* geoaesics are closed 

w equation had been obtained previously 

byPmsson m some researches on the distribution of temperature in 
a conducting sphere, but was left unsolved. It was subsequeSlfsolved 

aso “ Christiania in 1823. See 



ON THE THEORY OE INTEGRAL EQUATIONS. 353 

by Liouville,' who appears to have obtained the solution quite inde- 
pendently of Abel. 

Liouville connected the equation with many interesting probleips in 
geometry and analysis, and gave practically a rigorous proof of the 
inversion formula 

uh) = A f - ... (3) 

^ ^ TT dz] {z- • W 

a 

which holds if f{x) is continuous in an interval a 5 a; < J if /(a) = 0, and 
if the integral in the last equation possesses a continuous derivative, so 
that the function u( 2 ) given by the formula is continuous. It can be 
shown that there is only one continuous solution of the equation. The 
transition from formula (3) to (2) can be effected when /(.r) possesses 
a finite derivative which has only a finite number of discontinuities in 
the interval {a x '5 b). 

The case in which f{a) =[= 0 has been considered by Goursat.^ If 
f{x) satisfies the foregoing conditions, the solution is given by 


W(2) = 


sin Xtt f(a) 

TT ■ 


sin Xtt 

TT 


1 


{z — xy~‘'^* 


Careful derivations of these results are given in B6cher’s tract on 
integral equations. 

‘ Liouville first studied the integral equation in 1833 in connection 
with the theory of fractional differentiations and integrations. He was 
thus led to some analogous forms of the equation in which k is negative, 
and gave the formula 

CO 

J a:"-' <t,{x+a)dx = (-!)" r(?i) (A) VW. 

0 

which, however, is only valid when a large number of conditions are 
. satisfied. 

Boole ^ extended Liouville's results and gave the following general 
formula for the solution of the equation : — 

a 

=1 (a-‘xY^‘^^{x)dXf 

0 

where n is a positive fraction. 

u 

i being the integer next above n and i — 1 being less than the firsi 
exponent in the ascending development of This formula is 

^ Journal de V&cole PolytecTinique^ 1835. ® Acta 1903. 

s Camh, Math Journ.^ 1846, vol. iv., pp. 82-87. 
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closely connected with Eiemann’s formula for fractional differentia- 
tion, vii5., 


(£)’ 


a{x ) : 


t(m — s) 




a{:2)dz. 


Abel’s integral equation occurs in naany investigations, some of 
which are of a physical character. It is used in the derivation of 
Schlomilch’s expansion ^ of an arbitrary function in a series of Bessel’s 
functions of the type 

f{x)=^%aj^{nx). 


A good account of this theory is given in Whittaker’s ' Analysis ’ 
and in Nielsen’s * Cylinderfunktionen/ where another proof of Abel’s 
formula is obtained. The proof is intimately connected with an artilice 
due to Poisson in which an integral over an octant of a spherical 
surface is expressed in two different forms, e.g.y 



w V 
3 2‘ 



0 0 


sin 6 d8d(p 




This artifice and its generalisations have been used to obtain proofs 
of Abel’s formula by Tait,^ Beltrami, ‘ and Gwyther. 

A form of Abel’s equation has been used by Lamb in the solution of 
problems in hydrodynamics and the diffraction of light, 

03 

If f(i>) = |x (p cosh u) du, 

0 

03 

then xW = ~ ^ I /(P cosh ?<) du. 

" o 

This formula is a particular case of the more general formula 



Hv) = — 


t’ 

sin Xtt ^ f giyyij/ 


which may be deduced from (3), The case in which o = oo corresponds 
to the case in which a = o, in (1), and can be examined without difficulty. 
The last equation occurs in the solution of the problem proposed by 
Benndorf and Schuster of determining the velocity of propagation of an 


: . Yd pMscTm^ in> Phyzih^lZol, Becent investigations have been given 

voh xxiii.,|>. 97, and Miss Smith, Amer. Trms.^ 1907, , 

" I* Bode Polyteelmique, 1831, Oah, 19, 

* of Bdinhwtgh, 1874 ; Sekntijic Pmen^ voL i., p, 245, 

' ; * Mmi. 188b, 2, vbl mix. ^ 
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eartihqnake wave at different points of the earth on the supposition 
that the earth is symmetrical about its centre. This problem has been 
solved by G. Herglotz^ and by the author.^ The method has been 
applied to some recent observations by Wiechert and Geiger.^ 

Abel’s equation has also been used by Boggio to solve a differential- 
integral equation which occurs in the problem of the motion of a sphere 
in a viscous fluid. This equation has been obtained by Basset"’ and 
Picciati,® and was solved by the latter by a method of expansion. The 
results are of some physical interest, as it is proved that the motion of 
the sphere tends to become uniform, and then its limiting velocity is 
given by Stokes’s law. A good account of the theory is given in a 
recent paper by Basset, ^ Quarterly Journal’ (1910). 


5. Integral Uquatio7is with Variable Limits. 

The idea of an integral equation in which a variable quantity occurs 
in one of the limits of the integral appears to have been first considered 
by Babbage,' although no method of solution was suggested. 

Cauchy ^ in (1815) solved a special integral equation of this type by 
differentiation, but the first general method of solution appears to have 
been used by Poisson ^ in 1826. Ho obtained an equation of the form 

t 

= . . . ( 1 ) 

0 

in which the unknown function ^ appears both inside and outside the 
sign of integration. An equation of the form (1), in which the kernel 
is of the form /(if — « 0), will be called an integral equation of Poisson* s 
Poisson solved the equation by expantoig (p{t) in powers of h, 
tiius obtaining an infinite series of multiple integrals, but he did not 
establish the convergence of the series. 

This step was supplied by Liouvilie^*^ in (1837). He arrived at the 
integral equation 

• • • , • ( 2 ) 

o 

in his classical researches on linear differential equations and the expan- 
sion in the so-called oscillating functions. These functions satisfy a 
differential equation of the Sturm-Liouville type, viz., 

Af dV\ , f jKjT 

which occurs in the theory of the conduction of heat in a heterogeneous 
bar and in many other problems of mathematical physics. The set 
of functions is obtained by taking the different possible values of the 

* Phys. Zeitschr.<i 1907. ® PMl. 1910. Plxy^. Ztitse\T.<i 1010. 

^ PmH. Line&U 1907. ® IlydrodynanmSt vol, ii. ® J[istid. Lincei^ 1907. , 

’ Memoirs of tlw A mPjUeal Soeiety^ Preface, 1813. 

® MhnoWc sur la tMorie des 0 tides. 

® Mhiutire svr la ilikme da maynt'Hsme en moureuieni. CEavres t. 3, No. 5, 
pp. 41-72. Liouville’s vol, ii. 
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parameter r for which the equation possesses a solution satisfying the 
boundary condition of the problem. 

The equation (2) was also used by 0aqu4 ^ in his researches on 
differential equations, and he expressed the solution in the concise form 

t 

O 

where K(i, 6) is the so-called solving fimction. 

The general study of the equation w^as, however, taken up by 
Volterra ^ in 96), and the theory was at the same time applied to the 
equation (18 ^ 

f{t)= ( 3 ) 

0 

which had been previously studied by him,® and treated as the limit of 
a system of linear equations. ^ 

The last equation is named after Volterra in honour of his extensive 
researches on the subject. 

The general method of treating the integral equations (2) and (3) 
was also discussed in 1895 by Le Boux in connection with his researches 
on partial differential equations. AbeTs integral equation, which is a 
particular cas6 of equation (3), had been extended by Sonins'* in 1884. 
Volterra obtained a more general result, and connected it wuth his 
general theory. He also considered equations in which there are two 
variable limits in the integral.’^ 

These equations and analogous ones have been treated subsequently 
by Holmgren,^ Lalesco,^ Picard,® and other writers. The connection with 
differential equations has been developed by Puchs,^ Dini,*® Lalesco and 
the author. 

The general formula for the solution of the integral equation 

X 

f(po) =: <li{x) — 

o 

X 

0 


* Liouville’s Jotimaly 1864, vol. ii., t. 0, p. 185. 

® Torino AtMi 1B96, pp. 311, 400, 657, 693 ; Amiali M MatoinatiOdy 1897. 

. ® II Nuovo CinientOy 1884, t. 4, p. 49 ; lleml. Zincety 1884, ser. 3% t. 8. 

* Acta Mailicmatieit t^4. Another generalisation was given by P. G* Tait, 
Scieniifia Papen^ vol. i., p. 245 ; Min. Proe, Hoy. 8oo.y 1874. 

* Equations of this type have been alsp considered by Picard, Comptes renduSy 
1909 

® Torind Attiy 1900^ t. 35; TTpsala Mcmoiny 1900, t, 3. 

^ Lionville’s Jmwnaly 1908. 

, * Ompte$ 1904, p. 24.5 ; iUd.y 1909. 

^ Ai^li 4i Materndtiody ser. (2), vol. iv., pp, 30-49 (1870). 

3,1i. H., pp, 297-324 ; t. iii., pp. 126-183 ; t. xi,, p. 386, 

Pfoc. Z&ndm Soo.y 1906, p, 107 ; Earbonx’s B%dhy 1906, 
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where 

and 


2 

X 

t 

tCliXjt) = #:(a?,/). 


The series for K(ir,^) is convergent for all values of X iif{x) and k{x,t) 
are bounded integrable functions, and there is only one bounded 
integi'able solution of the equation. 

The integral equation 

X 

f(x) -/(a) = ^n{x,y)^{y)dy 

a 

may be reduced to the previous one by differentiation, for we have 

X 

f{x) = ll(x,x)f(x) + 

a 

It is convenient now to assume that jll[x^x)l has a lower limit which 
is different from zero in an interval a < a; < <2 + A, and that the function 

L-. 

dx ' 

is a bounded integrable function in this interval. The previous method 
may then be applied to determine the function 

\p(x) = H(x,x)^(x), 


Volterra’s extension of Abel's theorem is as follows : — 


If 



(^<1) 


where /( 2 ^) and/(2/) are finite and continuous for a < 2 / < a + A, and if 
G{x,y) and are finite and continuous for all values of x and y 

contained in the interval (cr, « + A) and the absolute value of the lower 
limit of g{y) = G(^,2/) is different from zero, then here is only one finite 
continuous function ^i{x) which satisfies the equation for a < a? < a + A, 
and this solution is given by the formula 


= si? 1 \f'{x)Zi TiMdx 
^ g{z)] o 

V 

T„(a;,0) 


1-X 


X 


-y 
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When vanishes for the results take a difiorent form, and 

we have the following theorem : — 

n 

/{y) = I i>{x)'B.{x,y)(lx a>y> o 

o 

where fiy)=y"''^fi{!/) 

H(a; y) = S* + S; x^y'^'^^'^hiixty) 

0 o 


and the quantities ai are, constants. 

If /i(?/), L^(.r,?/) and their derivatives with regard to y are finite 
and continuous for {o<x<y) and (o<y<a), and if H(?/,?y) does not 
vanish except when y = o, there is one and only one finite and continuous 
function which satisfies (25) in the pase when the roots of the algebraic 
equation of degree n. 


X 



X-2 


4- 


Cbn 

X -- — i 


= 0 


are finite and different from one another and have their real parts 
positive. If one or more of the roots have their real part negative) and 
the roots are otherwise finite and distinct, the problem of finding a 
function ^>( 0 ?) which satisfies the integral equation is indeterminate. A 
useful criterion for determining whether an equation of the above type 
has roots wnth only positive real parts has been given by Hiirwit?^.* 

Further investigations connected with the case iii which H(;r,a?) 
vanishes have been made by Holmgren^ and Lalesco.’’* The latter con- 
siders the particular case in which is a polynomial of the 

degree in x, and shows that the integi^l equation may be reduced to 
a linear differential equation of the order by differentiation The 
algebraic equation for X is then identical with the indicial equation of 
the adjoint differential equation. The results are then applied to tlie 
study of the general case. Farther investigatiotis on the connection 
between linear differential equations and integral equations of Volterra’s 
type have been made by Dini"^ and the author.'' It may be shown with.- 
out difficulty that a linear differential equation may bo replaced by an 
integral equation of VolteiTa*s type, and then, by applying a method of 
successive approximations, a series is obtained wliich represents a solution 
of the linear differential equation in the whole of the complex plane 
([excluding singularities). This method of proving the existence theorem 
is virtually due to Cauchy.^ 

When the conditions of Volterra’s theorems are not satisfied the 
solution of the integral equation may not be unique and discontinuous 
solutions can enter. Thus Bocher gives the example — 

* Math. Am., Bd, 46, p. 273. 

* Atti of the Turin Aoadmny, 1900, vol. xxxv,, p. 670 ; Tfpsala Memoira^ 1000, vol. iii, 

* 1908, ser. 6, vol. iv., p. 1 96. 

di Matenmtica, 1899, ser. 3, til, pp. 297*-324; t. iiL, pp. 126-183 

t xij p. 385. 

: A 19d6, p. 107 j Darboux's Bull., 1006, 

, . ; s^rie, t v., p. 394. 

, ta the Study of Inteyml JEqmtwns, p. 17. 
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u{3i) = I 

o 

of an equation which possesses a discontinuous solution 

tt{x) = 

W. Kapteyn ^ has shown that a solution of the integral equation 


X 



0 


can be expressed in the form 

0 

It is interesting to com|)are this result with the formula given on 
p. 416, § 26. 

6. Physical Applications of the Eijnatiom loitJb VariahU Limits. 

Problems of Heredity and Hysteresis. 

Volterra has made use of an integral equation with variable limits 
in some researches on the equilibrium of a rotating mass of fluid, ^ and 
there are numerous applications of equations of this type to partial 
diiferential equations of the hyperbolic and parabolic type ; ^ but the 
most interesting applications appear to be to problems of hereditjr in 
which a physical system exhibits phenomena of memory or hysteresis. 

It has been remarked by Picard, in his article on * La M^canique 
classique et ses approximations successives,’ ^ that mechanics can be 
divided into hereditary and non -hereditary mechanics. The latter deals 
with cases in which the future of a system de];)ends only upon its 
actual state and the states which precede it but are separated from 
the momentary one only by an infinitesimal interval of time. The 
former deals with the case when any action leaves an impression on 
the system and the actual state depends upon all the preceding states. 

The theory of mechanical problems of this type was commenced by 
Poisson in his Memoir on magnetism already referred to. He repre- 
sented the components of magnetisation at time i by expressions of the 
type 

A{0 = 

and arrived at the integral equation with variable limits cited in 

* Zlege Memoirs^ 1906 (^), t. 6. * Acta 1903, 

» See, for instance, the researches of Le Eoux, Holmgren, Goursat, Annales de 
Toulouse, 1904 j Mason, Math. Ami., 1908, Bd.lsv,, p. 670; Myller, Math. An7i., 1910, 
Bd. Ixviii. 

^ Mivista di Sewiza, vol. i., Bologna (1907). 
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Section 5. A somewhat similar procedure was adopted by Boltzmann ^ 
in his theory of elastic afterworking, and by Korn ^ in the study of the 
action of selenium cells. 

A general theory of problems of this type has been developed by 
Volterra.® In 1887 he gave a general expansion theorem for a quantity 
which depends on all the values of another function in a given interval, 
and in his recent researches he has developed the theory of integro- 
differential equations,^ which appear to be the type of equations usually 
required for the treatment of problems of hysteresis in electrodynamics 
and the theory of elasticity. It is found that in electrodynamics equa- 
tions of Poisson’s type are of special importance. 

In problems of memory, when the state of a system is represented 
by an equation such as ^ 

i>{t) =.f{t ) + X I 

a 

it is interesting to determine the sets of values of t and 6 for which the 
function k (t, 6) becomes infinite. If these are determined by an equa- 
tion of the form 

Fm = 0, 

then the events which occurred at the particular times 0 given by this 
equation are those whose effects will be emphasised at the given time 
The emphatic evefits will, however, generally change as t varies, unless 
it happens that the last equation is independent of 

An interesting problem of heredity connected with the motion of an 
electron has been discussed by G. Herglotz® and P. Hertz.® The 
integral equations are in this case of the form^ 

K{s)f{t-s) 

0 

k[s) = 3 — 6s ^ ® ^ 1 

t 

and f{t) = ^{t) — I (j>{t—s)i.{s)ds 

O 

k { s ) s= 5 — 30s^ + SOS'* 0 < 1 

respectively, and are solved by a method of successive approximations. 
An interesting feature is the occurrence of solutions of the homogeneous 
equations of the form 

hii) — e 

Oheai^ (Poggendorff), Ergzgsbd. 7 (1878); SitzungBherichtet Vienna 
(1874). “ Pkgs, ZdUchr, (1909), p. 793. 

» Mend, Lincei^ 1909, vol. xviii., pp, 203, 295 : ‘ L’inversion des integrales d6- 
finies.’ * Lectures at Clark University ’ (Teuhner). 

^ Certain types of integro-differential equations have been considered by Picard, 
Lauricella, and Burgatti. 

; : * &m. Naohr., 1903 ; Math. Am., 1908, Bd, 66. 

emvngen, 1904; Math. Am., 1908, Bd. 66. An aooonnt of tho 
jTO*k»Btetrgiven in a pamper by (}. F. 0. Searle, Pros. Roy. 8oo. A., vol. kxis:., p. 660. 
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where the quanitties are the roots of the transcendental equation 



0 


The solving functions K(s), Q(s) are solutions of the equations 


K{t) = K{t) - J K(i - s).(s)Js — CO < ^ < -J- oo 
0 

t 

i:{t) ^ Q{i) — I Q{t — s)K{s)ds 0 < i < + oo 

o 

respectively, and the solutions of the two equations (1) and (2) are given 
by the formula 


0(t)=/(t) + |/(«_s)K(s)ds 

— OO 

^ t 

fit) =7W + I fis)q{t-s)ds 


. (I)' 
• ( 11 ) 


respectively, where (j>{t) is written for + o)] 

There is also an expansion theorem : — 

1 X 

(j>(t + o) + <l>(t — o) = S [e^ ^s)ds f K{n)e \r 

X («ft) J J 


Herglotz’s paper contains many other interesting results. 

An interesting integral equation which is reducible to an equation of 
Poisson’s type was obtained and solved by Beltrami ^ in some researches 
on the conduction of heat. The equation is 

oo 

/(o ='''(<)- J- 1 

to 

Vi- 
and its solution depends upon the fact that the operation 


oo 


possesses the property. 


fTt 

(0 ^ (0 


ie,f the effect of repeating the operation is simply to add the arguments. 
This result may be deduced from BoreUs multiplication theorem given 
in Section 16. 


* Bologna Memoirs^ ser. 4, t. 8, pp. 291-.328. 
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Beltrami’s work has recently been extended by Cesavo.^ 

P, Hertz has shown ^ that the theory of Einthoven’s string galvano- 
meter depends upon an integral equation of Poisson’s * type. The 
differential equation for the motion of the string, when the electro- 
magnetic damping only is considered, is of the form 



where a and h are constant. The initial conditions are of the type 

The equation is solved according to Eayleigh’s method by putting 
= sill 

where r„(o) = 0. yr(o) = 0. 

Expanding P in a Fourier’s series 

I'T I 

(r = 1,3,5 . . . ) 

and putting 

4.(<) = F(0 - +1+ ) .= F-6 dx 

U 

we obtain the integral equation 

t 

F(!() = + I N(« - fi) t>{ri)ds. 

n 

for the determination of The function N(^) is defined by the 

equation 

■ (.' = 1,3,5 . . . ) 

and is such that =: + or — %ah according as t lies between 
ot 

%yi — 1) ~ and or between and 

a a a a 

Hertz also considers the more general equation 



which corresponds to the case when the resistance of the air is taken 
-into account. 

'' * BM. de Bmj. Acad, Belgique^ 1902, p. S87 ; Conwtes rendus, Naples, ser. 3, t. 7* 

* mtrnliHft far Math, in Phgs,, 1903, Bd. 58. 
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7. Tha Problem of Dirichlet ami the Method of Successive 
Approximaiions. 

The so-called problem of Dirichlet/ which is to “establish the 
existence of a potential function having given values round a contour, 
was originally solved by Gauss and Lord Kelvin by means of the 
calculus of variations, the function V which makes the integral 


a minimum being the required potential function. This proof was 
considered sufficient by Eiemann^ but was rejected by Weierstrass.^ 

In 1870 C. Neumann*^ invented his famous method of the arith- 
metical mean in which the solution of the problem was really reduced 
to that of an integral equation of the second kind. 

The reduction of various potential problems to integral equations of 
the second kind depends upon the fundamental properties of potentials 
of simple and double layers. 

Let the symbol f{pi) be used to denote a function of the co-ordinate 
or parameters which determine the position of a point P, then if r is the 
distance between two points A, B and we put 

g{af}) = ^ log for problems in a plane 
= 2^’ problems in space ; 

h{Syp) =52 ^ in the plane 


1 COS( 


in space ; 


(/> being the angle between the radius vector and the normal at a point S 
on the boundary, then 

V(2;) = fy(p,s)p(s)* 


'W(2>) =|/i(s)A{s,2?)* 


are the potentials of simple and double layers of strength, p(s), ij(s) 
respectively. 

The potentials of a simple layer is continuous over the boundary, but 


^ The problem was considered originally by Gauss (1839), Kelvin (1817), and 
Dnichlet (i856). The name Uirichlet’s principle was introduced by Kiemann, 
’W&rlie^ pp. 35-.39, pp. 96-98. 

* § 16. Fonctlom a})Gl%ennes^ . 

® Ueber doss ogemimte Dinclilet'sehe PHmipt Ahid, der Berlin, 

July 14 (1870); Werhe, ii., p. 49 (1903). 

^ Zeipziger ZericMe, 1870,* UnUrmelmigmi ilbor das Ugmithmisehe und 
WmioKh^sclhs Potential^ Leipzig (1877), p. 139, 
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the values of the normal derivatives just outside and just in- 

side the boundary are connected by the equations 




. 


dn 

S‘] ^ j 


dn dn_ 

discontinuous at the boundarv its 
equation^'-” outside being connected by the 

i[W,-W„]=^(6-) 


i-[W* -h W„] 


= ^n{’T)}l{n,s)d<T. 


follSg form-““''‘®® problems of potential theory in the 

I. To fi‘nd a 2 }otential of d double lawyer which satisfies the condition 

|[Wi-W„]-|[W,4-WJ=/(t) 

€Lt Cf t&quIojT poiut t of the houivdOtTy, 

II. To find a potential of a simple layer which satisfies the condition 

,rav„_9v.-] xrav, av/i 

\dn dnj ~ 2Ldn dnj - /('*)• 

»' “>» “ajoint 

/j(i) — x|^(s)7i(s,t)£fs = /{<) 


p(t) — x|ft(f,s)p(s)ds =/(t). 


_ In Neumanns method of solution the functions ,ja o,.« j j. 
mined by expandins them in nnwovo \ “ j j ? f'l'h f'(‘) aie deter- 
cients inLcissir® ThL mShJd wMch hn« K ‘he coeffi- 

equations since the time of iSace » W hee^ 
method of successive approximations: The method £ teS^'gSariy 

; , • ’ ®«wejs, 1. 10, p. 61, 1779, 
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developed by G. Neumann, Poincar6,* Picard^ and Korn, and applied to 
problems in elasticity by E. F. Oosserat,^ Korn,^ and others. A good 
account of the method is given in E. E. Neumann's prize memoir 
(Leipzig, 1905), and in Korn’s ‘ Abhandlungen zur Potential Theorie ' 
(Berlin, 1901). Neumann’s method solves the problem of Dirichlet for 
the case of a convex region, and the solution may be extended to regions 
of a more general character by Schwarz’s method of alternation. Further 
researches in this direction have been made by A. G. Dixon.'^ 

Other methods of solving Dirichlet’s problem given by Kirchhojff,® 
Eobin,^ and Stekloff,® are closely allied to Neumann’s method. 
Poincare® has devised a method in which a series of functions is 
formed, each of which satisfies the boundary condition, and whose 
limit satisfies the differential equation as well. Hilbert^® has shown 
that the old method of the calculus of variations can be remodelled 
and made quite rigorous, thus realising the hope expressed by Brill and 
Noether that the principle of Dirichlet would some day be revived. 
Generalisations of Dirichlet’s problem to partial differential equation of 
elliptic type have been given by Segre Bernstein.^ ^ 

The advent of Fredholm’s method of solving the integral equation of 
the second kind has provided a new and beautiful method of solving 
Dirichlet’s problem, and has led to many new developments. It is true 
that the method does not apply to the general case. For instance, 
Kellogg remarks that if the boundary is a rectangle, Fredholm’s series 
does not converge. It is probable, however, that by some modification 
of the method this difficulty may be overcome. 

Neumann’s. solution of the equation 

6 

/(s) = ^(s) — x|K(s,i) <!>{() dt 

a 

may be expressed in a concise form by introducing the iterated ftmctiom 

h 

^:2(s,^) = |K:(s,a;)K'(aj,^)dir, 

a 

b 

(I 

h 


^ Acta Math.y 18Q7 ; E&nd. FaUrmw^ 1894. 

^ Ti^aitc d'Analyu, 2ncl Ed., vol. i. ^ ® Camptes rendus, 1. 133 (1901). 

^ Ann. de Tmloum^ 1908 ; Ann. de VEcole N&rnale Snperimre, 1908. 

* Camhr. PMl Trans.y vol. xix., part 2, p. 203; Free. London Math. Soc.^ ser. 2, 
vol. i., p. 415 (1903). 

« Acta Math., 14, 1890, p. 180. ^ Comptes rendus, 104, 1887, p. 1834. 

« IMd., 125, 1897, p. 1026. 

^ Themne du potential Nerctonicn, Paris (1899), p. 260. 

Math. Ann., Bd. 69, 1901. 

Comptes rendus, Nov. 1903 j Math. Ann.^ Bd. 62, 1904 ; Bd. 69, 1910 ; recent 
papers on Dirichlet^s problem have been published by Fubini, Find. Palermo (1907), 
anS Lebesgae, iUd, (1909). 

1910. 
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and the solving function ' 

K(s,^) = 4* 4“ 4* 

h 

This series has a finite radius of convergence if | 

ti 

h h 

are always finite/ or if || h{x,y)dxchj is convergent. If X 

a a a 

has a value whose modulus is less than the radius of convergence and 
f(s) is bounded, the solution of the integral equation is given uniquely 
by the equation ^ 

=f{s) + x|K(s,i)/(0'7«, 

a 

and the relation between the functions k(s/), K(s,i) is of a reciprocal 
nature. These formulse are established for other values of X by 
Fredholm’s method. 

It is, in fact, a consequence of Poincare’s researches that the 
functions ^(s), K(5,i) are meromorphio fumtions of X, and Fredholm states 
at the beginning of his paper that his method provides a direct method 
of obtaining these functions in the canonical form of the ratio of two 
integral functions of X, 


8. Green's Fzmetions. 

The function which Neumann has called the Green’s function was first 
introduced by George Green in his essay on the application of mathe- 
matical analysis to the theories of electricity and magnetism (1828), 
p. 26. 

The Green’s function G is defined to be a function 

which satisfies Laplace’s equation y ^ V = 0, and is a regular analytic 
function of sv.y.z, at all points inside (or outside) the surface S with the 
exception of the point neighbourhood of this point 

1 


G-^ 




■ !■/)* + (S — 


0 ) 


s a regular analytic function. On the boundary of S, G satisfies a 

linear condition such as G = 0, ?. = 0, or 4- hG = 0. The funda- 

an dn 

mental property of the Green’s function is that a solution of v‘^V 
f 4 -/(a;, 2 /,^) = 0 which satisfies ‘the same boundary condition as G, is 
given by the formula 


V(a7,2^,^) = 




This eqtiation maybe regarded as an integral equation for the deter- 
of / wh^n V is given. If Y satisfies the boundary condition 

; ‘ E, Schmidt, Am* 
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and has continuous second derivatives, then / is determined by the 
formula 

/= - V*T. 

The Green's function was used primarily to solve the problem of 
determining a potential function which takes given values V over the 
boundary. The function G is now defined by the boundary condition 
G = 0, and V is determined by means of the formula 

4xV(r!3,2/,^)=|^V(J.^,Oi2S. 

A fundamental property of the Green's function is that it is a 
symmetric function of the points {x, y, z); 

G{x,y,z ; = G(£,7?,f ; x^y^z). 

This means that the potential at P due to the charge induced over S by 
a unit charge at Q is equal to the potential at Q due to the charge 
induced over S by a unit charge at P. Helmholtz’s reciprocal theorem 
in sound is also a consequence of this property of the Green’s function. 
The solution of V which satisfies the boundary condition is 

given by solving the integral equation of the second kind. 

'V{x,y,z) = ; i,ri,^N{l,-ri,l)dldnclX, 

S 

and the Green's function for the equation v^V + = 0 is the solving 

function of the non-homogeneous integral equation. The properties of 
Green’s functions in two dimensions are exactly analogous to those of 
Green’s function in one dimension, except that condition (1) is replaced 
by the condition that 

G — log N/(£r — £)* + (^ — V?)® 

must be a regular analytic function in the neighbourhood of the point 
»;)• 

The Green’s function has been determined for the circle, sphere, 
circular disc,^ spherical bowl,^ cone,^ box and wedge."' 

The idea of a one-dimensional Green’s function was introduced by 
Burkhardt^ in (1894), and has been developed by Hilbert and his 
followers.*’' 

The Green’s function for a linear differential equation of order n is a 

1-2 E. W. Hobson, Cambr. JPMl. Trans, ; Stokes Commemoration To3. (18^9-1900), 
p. 277. 

» Mebler, see Heine’s Timario dsr Kugelfmctiomn,^ vol. xi., pp. 217-250. Also 
H, M. Macdonald, Camb. JPhil. Stokes Commemoration Volume, p. 293. ; 

J. Dougall, ProG. Pdmbwrgh Math, Bog. (1900). 

* A. Daunderer, Zeitsohr, fur Math, u, PJiys. (1909), p. 293. 

* H. M. Macdonald, Proo, London Math, Son.^ vol. xxvi., p. 101 (189S); A. 
Sommerfeld, iUd. (1897). 

® Bull Bog. Math,^ Bd. 23, 1894: ; See also papers by Dunkel, Bull, Amer, Math, 
SoG,f 1902 ; Bocher, ibid,, 1901, 

’ Gott, Naehr,, 190*4, and the dissertation by Mason (1903) ; Westfall (1905), 
^7/ 2nd ser., vol. X. No. 4. An . application to systems of differential 
equation is made by Bounitzky. Liouville’s Jownial, t. 5, 1909, Faso. 1, p. €5. 

B D 2 
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function which satisfies certain boundary conditions and whose 

— 1)^'* derivative experiences a sudden change in value of magnitude 
— 1 at the point a? = In the case of a differential equation of the 2nd 
order, the Green’s function can usually be expressed in the form ^ 


G(.r, t) - 


u{x)'V{i) 

u{i)v{p) 


X < L 

^ ^ S* 



where u(x) is a solution which satisfies the boundary condition at one 
end of an interval {a, h), v{x) a solution which satisfies the boundary 
condition at the other end of the interval. If the linear differential 
equation is L(w) = 0, then a solution of 

L{u)+f{x) = 0 


which satisfies the same boundary condition as G and has a continuous 
second derivative is given by the formula 

h 

«(®) = 
a 

and conversely if u[x) is given, a solution of this integral equation of the 
&st Idnd is provided uniquely by the formula 

fix) = - Uu). 

The solution of L{ti) + == 0 which satisfies the boundary condi- 

tions also satisfies the integral equation 

b 

fix)==\\GixMm, 

a 

and this determines the possible values of A, 

If the differential equation is self adjoint, the Green’s function is a 
symmetric function of x and and it often happens in virtue of the 
formula (2) that it is a definite function. It then follows from the theory 
of integral equations that the values of X are all positive. 

The question of the existence and nature of the different values of 
X for differential equations of various types has been discussed very 
thoroughly by Mason who uses a method depending on the calculus of 
variations.^ 

Extensive applications of Green’s functions to problems of mathe- 
matical physics have been made by Picard,® Hilbert, Mason, Piemelj, 
Boggio,^ Lauricella,® Hadamard,*'* and many other writers. The 
literature on this subject is now veiy extensive, but a good idea of the 
different problems naay be derived from the articles by Bdcher and 


^ See the papers by Hilbert and Kneser, Math. A^m., Bd. 63. Many examples of 
Green’s functions are given in these papers, and also in a work by A. My Her, JDm. 
&6Uing6% 1$06, 

® Trans. Amer. Math. Soe.j 7, 1906, p. 337, 

» Liouville’s ser. 4, 1890, p. 146, Ser. 6, 1906, p. 129; liend. jpalermo^ 

1906 and 1909 ; Annates de fJSlcole Normals^ 1908. 

. * Mmd. Zimei, 1907, p. 248. 

\ A.nmli di Matematici, 1907, ser. 3, 1. 14, p. 143 : Mend. Zincei. 1908. 
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Sommerfeld in the ' Enoyklopadie der Mathematischen Wissenschaften ^ 
and Mason's lectures at the Newhaven Mathematical Colloquium. 

* The problem of the determination of periodic solutions of dih'erential 
equations is also reducible to the solution of an integral equation and 
has been discussed by Mason/ Lalesco/ A. Myller/ and others. 


9. Fredholm's Method. 


The beautiful researches of Fredholm** and Hilbert ^ on the integral 
equation of the second kind have opened out a wide field of research 
which now occupies the attention of a great number of mathematicians. 
The Paris Academy recognised the value of Fredholm's contributions to 
science by awarding him the Poncelet prize in 1908, 

In Fredholm's method the integral equation 

h{s,t) = K{s,t) — x|/.(s,a;)K(a;,i)da; 

a 

satisfied by the solving function is treated as the limit of a system of 
linear equations.^ The ordinary solution of such a system as the ratio 
of two determinants now takes the form ^ 


D(A) » 

where D(X ; s,^), D(A) are the integral functions of X defined by the 
equations 

D(»l; = ■ ■ • 

a a a 

Dw = 1 + 1 ] 5)*. 

a a a 

and tf**’ is used to denote the determinant 

\2/l. Vi • • Vn) 

K{xi,yi) . . K{x„yi) 

z/a) z^a) • • Z/a) 

^(35,. Z/n) 


* Liouville^s Journal, 1904 j Trans, Amer, Math Soc,, 6, 1906, p. 169. 

* Comptes refidus, 1907. ® IHd,, 1907, p, 790. 

* 0. R. Stockholm, Academy ^ 1900, vol, Ivii. p. 39 ; Co7nptes rendus (Paris), 1902, 
pp. 219, 1661 j Acta Math, vol. xxvii., 1903. Fredholm has recently issued a short 
report^ on the development and present state of the theory of integral equations 
(Oompte rendni du Cangres des Math6matiei$m tenu d Stockholm, 1909), I have not 
yet had the opportunity of consulting this. 

* GOtt. NachTxclitm, 1904, Hefte i.-iii ; 1906, Hefte ii.-v. The method Tvas 
described by Hilbert in Seminar and in lectures at Gottingen, 1900-01. His work 
is quite independent of that of Fredholm. 

* This method of treatment is carried out in detail by Hilbert. See also Plemelj, 
Monatshefte filr Math, 1904. The fundamental idea was also used by Vplterra, 
Bend. Lincei, 1884. 

’ The relation between this solution and the one obtained by Neumann’s method 
is discussed by Kellogg {Gott. Machr,^l^0%), Plemelj and Poincar^ [Acta Math.., 
1909). 
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When K(s,t) is a bounded function, tho convergoncc of the series 
may be established by means of a theorem in deboraiinants duo to 
Hadamard ^ which states that if A, A denote two determinants 

whose constituents aj/t, % are conjugate complex quantities such 
that < p then 

A A < p^*^ 


If the constituents are all real the maximum value of the determinant 
when Sa®,.;, =: 1 occurs when the quantities a,* are the elements of an 

r 

orthogonal matrix. 


The case in which k{s,t) becomes infinite for s = i like ■ 


(s i) 

been considered by Fredholm, Hilbert, Korn,^ Lalesco,^ Goursat/^ and 
Poincare.'^ Fredholm shows that the integral equation 

b 




may be replaced by another one in which the kernel is the iterated 
function and oi may be chosen so that this function is bounded. Hilbert 
^shows that if « < Fredholm’s series may be used provided tho function 
k{s, s) is replaced by zero wherever it occurs. This result has been 
extended by Poincare and Lalesco to tho case in which a > Instead 
of deriving D(X) from Fredholm’s expansion 

b b 




|/<(5,S)J5 — Xpa(5,s)is 

U G> 

b 


J)>A\ 

a function t)(X) is used such that -g— is equivalent to tho above ox- 

. pansion when a suitable number of terms have been omitted. Tho new 
representation of K(Sjt) is of the forin 




D(M s,t) 

^ ~D(xr ‘ 

The case in which the kernel is such that 

b 

[/K(s,t)/di 


easts and is uniformly convergent -is considered by Levi.' 


, * des Sciences Matkemati^ues, 1803, 2nd ser., Bd. 17. Simplilied proofs 
have been given by Hilbert (Zeciures on the Calmilus of VaThatiom) ; Winter Semester 
(OiMIngm, 1904-05); Wirtinger (^Momtskefte fuT Mailt, mid PhyBih, 1907, voLxviii., 
p. |58) ; Fisober ( Branerts AroU 1 908, p. 32), 

^ » Jhid, 

; ^ * Am,'4e 1908. ^ Acta Math, 1900, t. 33, pp, 57-86. 

5 1907, aad sem, p. 604^ 
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Plemelj, Lalesco, and Gonrsat also investigate the order of the 
integral functions D(A), K(X; s, t) and the latter obtains an expression 
for the determinant of an iterated kernel in terms of the determinant of 
the original one. If the function k( 5, /) is bounded the order of D(/\) 
is at most equal to two, but this is’ not the case if a:{s, i) is not bounded. 
The necessary and sufficient condition that the determinant D{X) should 
have no roots is that 


h h 


a a 


{s,t)dscU == 0 


11 > 1 . 


If /\ is not a root of D(\) = 0 the two adjoint integral equations 


/(*) = f (S) — 

9{f) = x(0 - xj'x(s)''-(«><)* 


ai'e solved uniquely by the formulae 

b 

<t>{s) =f{s) + xjK(s, /)/(«)(?< 

n 

b 

X(0 = ?(*) + ^|(7(s)K(s,i!)<fs, 

« a 

and we have the reciprocal formula 

h 

|/(s) x(s)f^s= f'/'(s)?(s)t?s, 


also 



It should be noticed that the solving functions for two adjoint integral 
equations are the same and their determinants are also the same. The 
determinants are also the same for the functions ^ 

b 

h‘{s,t) = f f{n,i)c)g{x,t)dx 


h{s,i) == <7(5,0?) 


and for the functions 




fipY 


‘ See a paper by the author, Cavih Pldh 1900, vol, xx 
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while if two functions '•(Sit), h{s,t) are connected by a relation of the 
type 

h o 

|K(s,a')/(ir,f)r7a; = ^f{s,3;)h{pc,t)dx 

a ft 

and no continuous functions exist such that 



then the determinants for the two keimels h(s,t) have the same 
roots. 

If X„ is a root of the determinantal equation D(\)=0, then the homo- 
geneous equations 

^„(s) = X„Jk(s, t) f,Xt)<U 

a 

h 

Xnif) ^ ^nj'xnC^) 
a 

can be satisfied by continuous functions 9«(.9), x»(^) which are not 
identically zero. 

Conversely, if one of these equations can be satisfied by a continuous 
function, then is a root ^ of the determinant D(X) and it follows that 
the other equation also possesses a solution. 

The roots of the determinant D(X) 0 are called the roots {Eigenwerjbe) 
of the kernel K{$ft) and the aggregate of these roots the si^ctnmi of the 
kernel for the interval (a, 6). * 

The functions or sets of functions Xn{i) which satisfy the homo- 
geneous equation are called the p'mcipal functions associated with the 
root X^. If 

b 

|^^n(s)Xn(s)dS gfc 0 

a 

we can say that is adjoint to x«(«)» 

When the kernel is a symmetric function of s and t the functions 
Xn(s) become the same and form an orthogonal system of funefeions when 
the different values of X,* are considered. They may then bo called 
mrmal functions of the integral equation, the German equivalent being 
Eigmfimlction. 

If X„ is a simple root of D(a) = 0, the only solutions of the above 
equations are constant multiples of %{s)t Xnif)t solving function 

K(s,^) has the form 

K(5,0 = + F(M) 

where F{s, t) is finite for X = X». 

* Tb«se theorems are due to Fredholm. A new proof of the lasfe result has 
he€ai given recently by Sorrel, BiilU Amer, Matlu Soe,, vol. xv, (1Q09), p.* 449. Farther 
prc^erties of the homogeneous equation are given in a paper by 8clmT. MMh. Ann, 
3Sd.C7 0909), p, SQS, 
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It follows from this result that a solution of the equation 
f{s) = <l>{s) — 

a 

becomes infinite when X = X„, unless 

b 

= 0- 

a 

If this condition is satisfied the equation possesses a finite solution 
■when X = X„, but this solution is not unique since any constant multiple 
of may be added to it. Plemelj ^ has obtained an expression for 
the principal part of the solving function in the vicinity of a value of X, 
which is a multiple root of the determinant. The most important case 
is when the roots are all simple poles of K(5,i), for then has 

the form 

K(s,<) = S <>xr(0 + F(s,f) 

— Am 

and the functions satisfy the equation 

n % 

\r\’)xy)d>{ziZtr. 

a 

K X/(0 functions associated with two different.roots X„, X^, 
we have 

h 

= 0* 

a 

The roots of the determinant D(X) = 0 are all real, and are sim'pU 
poles of the solving function, when K(s,t) is a symmetric function ® of 
s and tf and also ^ ^vhen a definite function g{s^t) can be found, so that 

h 

a 

is a symmetric function of s and L The integral equations derived from 
the two potential problems belong to the second class. It should be 
noticed that a homogeneous integral equation of this class can be 
replaced by a homogeneous integral equation of the first kind 

* Monatsliefte fur Math, in PJvysih^ 1904. Other methods of obtaining the same 
result are given by Mercer, Cainhu Phil, Tmns,, vol. sxL, pp. 129-142, and A. C. 
Dixon, vol. xix., part 2, p. 203 ; Ptoc. Land. Math. Soc,, ser, 2, vol. vii., p. 314. 
See also papers by Brjon Hey wood (Liouville’s Journal^ 1908) and Goursat {Toulmnse. 
Ami., 1908). In obtaining his canonical form Plemelj introduces the idea of an 
integral congruence. Tliis theory has been further developed by Landsberg (MatJi, 
Amt., 1910, Bd, Ixix. p. 227). 

Hilbert and Plemelj. A simple proof of this result is given by T. Boggio, 
Comptes re/idus (1907). 

» Mm, of Math, (1908), p. 8. See also J. Marty, Comptes Tendm (Paris), Peb. 28 
and April 25 (1910) ; Mrs. Pell, Bull. Amer, Math, Soo„ vol. xvi., July (1910). 
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|[9'(SjO — = 0 

a 

with synimetrical kernels g{s,t)f h{s,i). 

If the kernel is symmetric or belongs to the class just mentioned, it 
can be shown that there is at least ono root of tlio determinant 
D(/V) 0, and consequently at least one solution of the homogeneous 

equations. Also if the equation 


f.{s,t)l3{t)dt =5 0 , 


|a(s)/.(s,i)r7s = 0, 

a 


only possess a finite number of linearly independent solutions, there are 
generally an infinite number of I'oots of tlie determinant D(/\) = 0, 

If the kernel K‘(s,if) is a symmetric function of s and t the above 
theorems can be proved in a simple wa^^ by considering the energy 
function of the integral equation 

/(») = '/'(s) — _ 


This function tv{>^) is defined by the equation 

h 

?r(/\)= f(s)f{s)cls 

it 

and is such that 

h 


It follows from this equation that \w{k) increases continually ^Yith X. 
It generally becomes infinite at a valire \ which is a root of tho 
determinant I>{X), an exception arising when the function does not 
become infinite there. It should be noticed that although <li{s) is 
itldeterminate as far as the addition of an arbitrary multiple of tlie 
function corresponding to the root X,, is concerned, yet ^r(X) lias a 
unique value on account of the equations 

b 

jf(s)<P„(s}ds=:0, 


which express the conditions that f(s) is finite, 
may be used for the following purposes : — 

To find limits for 



h ft 

ti a 


The energy function 
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Put 



and consider the equation 

b 

/(s) = (j>(s) — 

a 

If Xo is not a I’oot of the determinant of this equation it follows that «(s) 
is the value of (p{s) for X = X^, and so from the definition of X^ the energy 
function associated with this equation vanishes for X = X^, But 
it also vanishes for X =0 and increases continually with X, hence there is 
at least one value between 0 and X for which tf;(X) and consequently <p{s) 
becomes infinite* If X_ and X^ ax*e the numerically smallest negative 
and positive roots of D(a) we must have the inequalities 

X^ X..J. 

Tins gives limiis for the double integral and reduces to a theorem of 
Hilbert’s in the case when is a definite function and the roots of 
D(v\) consequently all positive. The theorem then takes the form of a 
problem in the calculus of variations of determining the maximum value 
of a double integral, the maximum value being provided by a function 
which satisfies the homogeneous integral equation. v. 

It is clear that another pair of roots may be used in the inequality 
instead of and X^, if it is known that ii{s) and consequently /($) 
satisfies the conditions of type 

b 

|“(s)'/v(s)^s = 0> 


which make f{s) finite for X = X_ and X = X+, 

The above derivation of inequalities for the double integral establishes 
the existence of at least one root of the determinant D(X), The exist- 
ence theorem is proved by Schmidt and Kneser by showing that the 


series for 


, B'(X) 


has a finite radius of convergence. 


Schmidt also gives 


a method of obtaining a solution of the homogeneous integral equation 
by a limiting process, his proof being modelled on a classical one due to 
Schwarji. 

2^’ Hilbert and Schmidt have given a theorem that if 


^{^)9iiis)cU = 0 


for all the functions fn{^) which satisfy the homogeneous integral 
equation 

b 

fn{^) ““ SS5 0 
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for the different values of X,„ being a symmetric function, then 


b 



a 


This theorem may bo proved by reasoning with the double integral 




in the same way as was done with the double integral with k{Sft) as 
kernel instead of ^2(5,^. It is clear from the sup^DOsition made with 
regard to a(s), that if 


where 


f{s) = a{s) — 

a 

h b 

0 = J[a(s)]«ds - 


then the energy function of the integral equation 

b 

f{s) = ^{s) - \^K-^{s,t)>l>{t)dt 

a 

never becomes infinite. But Xw{\) vanishes when \ =: 0 and X and 
increases continually with X. Hence we come to a contradiction unless 
^{s)^ 0. The theorem is proved in another way by Schmidt. 

It follows from this theorem that if no continuous function a(^) 
exists for which 

* b 

« 

then there must be an infinite number of functions and consequently 
an infinite number of roots of the determinant I)(X). This is cer- 
tainly the case, for instance, if #:(&*, ^) is a definite function. These 
theorems are due to Hilbert, 

An analogous set of theorems hold for the integral equation of the 
first kind ^ 


/(«) = |['7(s. t) - X^(s. t)]<l‘{t)dt, . . . (1) 

a 

where g{s,t) is definite and h{s,t) symmetrical. 

The energy function is defined as before by the equation 

= ^f(s)l>is)d$. 

a 

Most of the properties belong to the integral equation of the second kind 
from which the homogeneous equation of type (1) is derived, 

^ Maih. 
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The properties^ of the orthogonal system of functions associated with 
an integral equation of the second kind with symmetrical kernel are 
considered very fully by Schmidt. He shows how a complete set of 
orthogonal functions for the integral equation may be constructed, and 
obtains the important expansion 

=m + 

for the solution of the equation 

& 

f{s) = <l>{s) — 

a 

It is easy to derive from this expansion the conditions that a solution 
may remain finite in the vicinity of a root X,,. 

Schmidt has defined normal functions for an unsymmetrical kernel 
K{Sft) by means of the equations 

b 

l>ais) 

Xn{i) = 

a 

and has obtained many theorems which are analogous to those proved 
for symmetrical kernels ; for instance, the roo^ X ^e all positive and 
there is an expansion theorem. The functions respectively 

normal functions of the symmetric kernels of positive type, 


b b 



a 


There are a number of interesting cases in which the solving 
function and determinant for one kernel may be derived from those of 
another, Bryon Heywood and Goursat show that if 


where 


then 

and 


K{s,t) = ici{Sft) + *‘' 2 ( 5 , 0 * 


b h 



a A 


D(x) = D,(X)D,(X), 

K(s.i) = K,is,t) + K,{s,t). 


This result is important in the discussion of the principal part of the 
solving function in the vicinity of a multiple root. 

It has been shown by the author and by E. Schmidt, that when 

K{s,t) = 7i(s,0 4 ffnis)gnit\ 

the solving function and determinant of k( 5,0 may be calculated by means 
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of those belonging to h{Sft). The case' in which h{s,t) = 0 has been 
worked out by Goursat ^ and has been extended to infinite values of n 
by Lebesgue/-^ 

In one interesting case the result can be expressed in a very concise 
form. If in Fredholm's notation 


g{s,t) = 


^>2 * * 

1 1 

$1 $ 2 • n , S.ft 

ti t>2 • • • t'n 


then the solving function G(s,j{) and the determinant A(X) for the kernel 
g{Sj t) are given by the formula 


G(s,^) 


AW 


■fr 

5") 

VI 52... 

K ( 1 -t. 

\ti ^2 . . , 4fi/ 


The function D(\)K. = d(x ; is called an 

mindr of the determinant D(X) and is of great importance in the 
study of multiple roots of the determinant. 

If we apply the formula 




D'(\) 

D(X) 


jK(SlS)dg : 

to the function G (s,35) we obtain the important formula 

a 

The function D^X; is, of course, identical with D (\ ; s,i) 
occurring in Fredholm’s formula 

When X = X„ is a multiple root of the determinant D (.\), it is a minor of 
type 


T\(\ • • • • Sra\ 

V Ui,*2. . ■ w 


which is a solution of the homogeneous integral equation, but the order 
m of the minor is not necessarily equal to the multiplicity of the root. 
The properties of these minors are fully worked out by Fredholm and 
Flemelj, The latter shows that if the solving function has a pole of order 

V: h, So 0 , Math, de 1907. ^ 1908, 
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i at the point X = X„ and this root is of multiplicity then we have 
the inequalities 

< p — < p 

i^l 

The solving function is thus certainly infinite for X = X„. 

For further properties of the determinants and the solutions of the 
homogeneous equations, the reader is ref erred to the papers of Fredholm, 
Plemelj, Bryon Heywood, Goursat, Mercer and Dixon, and the following 
books, Kowalewski’s ‘ Determinants/ Hornes * Partial Differential 
Equations.' 

Fredholm has invented an ingenious device by means of which a 
system of integral equations 

/,(s) = ^,.{s) — X 2 : (r = 1, 2 , . n) 

m-1 

may be replaced by a single integral equation. 

We define 

jV) =/(5 — r + 1) " r ~ 1 5 s < r 

— r + 1) r — 1 5. i5 r 

K{s,t) = — r -f 1, i - m + 1) _ i'< 

The system of equations may then be written in the form 

b 

f (^) = f (^*) — 

a 

A similar artifice may be applied to a system of integral equations of the 
first kind. 

The theory of systems of integral equations and equations in which 
there is more than one unknown function has been developed by 
Cauchy/ Murphy, ^ Volterra,^ A. 0. Dixon, Bounitzky,*^ and Cotton.'" 
The latter considers a system of integral equations in connection with a 
system of linear differential equations of the first order ; while Bounitzky 
develops the theory of Green's functions for systems of differential 
equations. 

Fredholm's method can easily be extended to integi’al equations 
involving surface and volume integrals. It is convenient to adopt 
Plemelj 's notation and write /(^) for a function of the parameters 
specifying the position of a point P. The whole of the present work then 
applies without much modification. It is, however, important to notice 
that in t^YO dimensional problems, kernels which become infinite, like 

log I _ ^1)2] I 

are certainly admissible as the iterated kernel is bounded. Also in three 
dimensional problems a kernel which becomes infinite like 

* Memoire $ur la theorie des OndeSi 1816. 

2 Camhr. Phil, Tram.^ 1833, vols. iv, and v. ® Anmli di Matematici^ 1897. 

< IHd,^ vol. XIX., part 2, p. 203. 

* JOarhaux's Bull, 1907 (2), t. 31 ; Liouvilie’s Journal, 1909, t. 3, 

* Bull do la 80c. Math, do Promo, 1910, t. 38, fasc. 1-2. 
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[{x - x'y + (ij - yr + 

can be used as an iterated kernel is bounded. 


Additional liestdis. 

Volterra’s integral equation may be deduced from that of Fredholm 
by ^vnting 

= g{sd) 

=5 0 t >$. (Fredholm) 

In the case of Hilbert’s kernel 

K{s,t) =^s(l-t) <t 

1(1 — s) t<s 

the roots are tt^, (2ny, (3rr)^, and the normal functions 

sin (w5). 

If r(a:) is continuous in the interval (a,&) and does not vanish, the 
solving function for the kernel 

{/M = 


is 


Q{x,t) = K{x,t). 


(Goursat) 


An integral equation with a kernel of form r{x)g(:x,t) where g{x,t) is 
symmetric can bo reduced to the symmetric form by multiplying 
throughout by 

A/i. (Schmidt and Goursat) 

If K{$,t) == — the roots are all purely imaginary quantities, but 
there are at least two. 


10. The Apjplicaiions of Fredholm's Method to Potential Problems, 

The theory of the boundary problems of potential theory from the 
point of view of Fredholm’s work has been -worked out very fully by 
Fredholm, Hilbert, Kellogg,^ Andrae,^ PlemeljV^ Picard/ and Lauricella/’ 
Plemelj’s papers contain almost an exhaustive discussion of the 
problems. We have seen that the theory depends upon the properties 
of the two adjoint integral equations 

f{t) = y{t) — xjf<(s)A(s,^)cZs 

' Bmertation OUtingent 1902 ; Math, Am*, 1903, Bd. Iviii, ; 1904, Bd. lx. 

* Dissertation Oottingen^ 1903. 

* Momtshefte Jut Math, in Phys,^ 3904 and 1906, 

* Mm^i PahrmOi 1906, See also Oomptes rendtis^ 1905-08, 

* 11 Mmvo (HmimtOi 1907, ser. 5, vol. xiiL 
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and fciie discilssion of thess depsnds upon thg properties that 

=i: 1 

for a regular point of the boundary, and that the kernel 




h{Sj(T)g[8,T)dB 


is a syynynetfic function of <r and r while g{s,r) is definite. 

The first result indicates that the homogeneous integral equatiSU 


\p{t) ^ \\\p{s)h{sjt)ds * . . • (1) 


may be satisfied for X = 1 by ^(s) =i 1, hence the equation for p{t) or 
the internal hydrodyilamical problem does not possess a finite solution 
unless 



0 . 


It follows also that the homogeneous equation 


<j)(^s) = h{s,t)(^{t)dt 

i 


• « 


• ( 2 ) 


also possesses a solution, and so tli^ equation for fi{t) or the external 
electrostatic problem does not possess a solution unless a condition of 
the type 



is satisfied. 

It may be shown by use of a theoreiii relating to the behaviour of 
the normal derivative of the potential of a doulile layer ^ that the 
homogeneous integral equations do not possess solutions for the case 
X — 1 if the boundary consists of a single closed surface. This 
proves that the integral equations possess unique solutions for the case 
A = — 1, and so the internal problem of Dirichlet and the external 
hydrodynamical problems possess unique solutions. 

Plemelj and Lauricella have shown that the fundamental problem 
of electrostatics of determining a potential of a simple layer which is 
such that it is constant over the boundary and 



M 


has a given value, is solved by means of the function f (s) ; for the 
function 

^ Careful examinations of the question have been given by Plemelj and 
Lauricella. A simplified exposition due to Darboux is given in d’Adbemar’s book 
Inequation du Fredholm et lez j^royiemn de JHHMet et de Feimann^ 1909 (Paris). 

1910. C 0 
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satisfies the equation 

on account of the symmetry of «.(r,<) 


and so 


f{r)= Jj'/A(A,r)^(s)dA. 


Hence since it can be shown that X = 1 is only a simple root for the 
integral equation the function ^s) must be a constant, and so the 
potential of a simple layer having <j){s) as density is constant over the 
boundary, 

Lauricella and Picard have also considered the problem of deter- 
mining a potential of a double layer which shall coincide with a 
potential of a simple layer in one of the regions of space. The problem 
depends on a double application of the preceding problems and provides 
a method of solving a type of integral equation of the first kind. 

Plemelj has shown further how one can proceed to determine the 
Green's function, and he introduces a more general type of Green’s 
function and discusses its properties, 

Plemelj ’s discussion of the potential problems is not confined to a 
single closed surface ; he considers a boundary consisting of a number 
of closed surfaces, some of which surround a number of others. In the 
general case both X = — ■ 1 and X = -h 1 are roots of the kernel 
and are in fact multiple roots. It follows however from the symmetry 
of Jcls,t) that the solving function has only simiole poles which are all 
real. The theory is considerably simplified by this circumstance. The 
solutions of the homogeneous equation analogous to (2) provide the 
densities of potential functions which are constant over one surface and 
zero over all the others. 

Plemelj has also applied the theory to more general electrostatic 
problems in which surfaces of discontinuity of the potential arc con- 
sidered. 

The modifications introduced into the discussion of the problems 
when the boundary has corners or conical points are consitlorod by 
Kellogg. He shows that in the case of a curve with a sharp angle <»; at 
s i= 0, 

= -HSJ? + E,(,,q 

' TT 5^ — COS w + 


sin tt> 


t > 0 
s>0 


1 W g 1? /o A g > u 

TT — 25^ COS « + t'^ ^ ^ t < 0 


where are finite for ^=: ^ = 0, The case of a cusp is 

exceptional. 

For such a kernel h{t,s) the series for D(X ; B,t) and D{X) in Fred- 
holm's theory are meaningless since becomes infinite to too 

high an order. This is certainly the case, for instance, when w is a right 
angle. 
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11. Orthogonal and Biortlicgmial Systems of Functions. 

A set; of functions is said to form an orthogonal system belonging 
to the interval (a 5 s 5 h) when the relations 

f. ««.)*( 

a 

are satisfied for the different integral values of the suffixes m,n. The 
system is said to be closed relative to a field of functions M when no 
function belonging to this field exists such that 

b 

|/(s)4'«{s)^s = 0 

or all the values of n. 

Particular systems of orthogonal functions are the trigonometrical 
functions cos sin ns (Glairaut, Euler, Lagrange, Eourier) and 
Legendre’s polynomials P„(fO* Jacobi indicated the importance of 
orthogonal functions in mechanical integration, and the study of these 
functions was taken up by Murphy.| 

Murphy introduced the idea of biorthogonal systems of functions, i.e., 
systems of functions Xh(^) which are connected by the equations 

a 

he called and Xw(s) recwocal functions. It is more convenient now 
to call them adjoint functions, as they are generally solutions of pairs of 
adjoint integral equations or adjoint differential equations. 

A biorthogonal system of functions may be constructed from an 
orthogonal system by writing 

where a,nn = 0 if n > m (Murphy). 

An orthogonal system of functions for an interval (u,6) is not unique 
for we may derive a new set from a given one by an orthogonal substi- 
tution (change of rectangular axes) 

4^m(s) = 

where 

71 H 

or by writing 

fmis) = , 

a* 

b 

Mi) = 

* Camh, Phil. Trans., 1833, vols. iv.-v. 


c c 2 
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for then 

a ft 

A method of deriving a largo class of orthogonal and bioriliogonal 
systems of functions from a single integral equation has boon given by 
the author.^ 

J. P. Gram ^ and B. Schmidt’* have given a motliod of constructing 
an orthogonal system of functions from a linearly independent sot of 
function'j (r„(s). It is assumed that 

^1(5) = 

=5 “t* ^22^a('^) 

= Xg3!rti(s) + "h 

and the constants are chosen so that the functions i//,i(rS*) form an 
orthogonal system. 

It has already been noticed that orthogonal and biorthogonal systems 
of functions occur as the solutions of linear differential and integral 
equations ; they also occur in certain problems of the calculus of variations, 
for instance, the pro))lGm of finding sots of functions so that 

a a 

may be a minimum (Sclnnidt), 

The best known examples of orthogonal sots of functions are tho 
following : — 


If - then tho functions arc orthogonal for tho 

interval o <s< 1 (Abel * and Mutphy 

Qp{s) =» 

denotes tho polynomial of Laguerre,** tho functions 

Jj /i*\ ^ /Q^ 

rui^) ■— V i j 

form an orthogonal system for the interval (0 < s < 


denotes the polynomial introducod by Tsohebyschoff’' and nonnito,'' tho 
functions 




i/^TT . s/n ! 


; m2. Tol XX* (IW), p. 281. « Orelle^s Journal, Bd. xciv. 

» Bmertation GoUiTtgerb, 1005; 3fatU, Anri., 1907. 

* Mimoiresde watMmatiqms, par N. H. Abel CParis, 1826> t>d 75 70 
Omilr. PUL Tram, 1833. ^ pp. 

: as; t. P,. n. m. ' 
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form an orthogonal system for the interval (— co, 4 - co). The poly- 
nomials of Hermito and Laguorro liavo been studied in connection willx 
integral equations by Wera Lebodeff^ and Weyl.'”^ Hermite’s poly- 
nomials occur in solutions of the equation of the conduction of heat and 
also in solutions of the equation of the parabolic cylinder. Various 
definite integral representations of them have been obtained by 
Whittaker^ and Watson.'* 

Another class of normal functions, called by K. Pearson the w-func- 
tions, can be derived from the equation of the conduction of heat ; they 
occur in the theory of statistics. The expansions in series of co-functions 
have been discussed by B. Cunningham.® 

In addition to the orthogonal functions mentioned above, there are 
the trigonometrical functions sin a,. a; where the quantities o/, satisfy a 
transcendental equation,*’ the BesseFs functions J„. under like 
conditions, and functions such as the Legendre polynomial, spherical 
harmonics, the functions associated with the equation of tlie elliptic 
cylinder, and Lam6's functions. Also there are functions such as 

which form an Orthogonal system for the unlimited interval (— 00 , 00 ). 


12. Expansions in Series of Orthogonal functions. 

When a function f{x) can be expanded in a series of the typo 

/{txiyzsSa^xP^ix) . . . * • W 

which Is Uniformly convergent in the interval for which the orthogonal 
functions are defined, then the coefficients may be determined by the 
so-called Fourier’s rule 

If 

— ( 2 ) 

n 

and similarly for expansions in series of functions belonging to 
biortliogonal system. 

The Fourier’s constants a„ may often bo used to specify a function 
/(.r) oven when the series for f{x) is not convergent, and there is a 
remarkable theorem duo to do la Valine Poussin and Liapounoff for 
Fourier's series, which enables us to express the integral of the product 
of two functions /(a;), g{x) in terms of their Fourier’s constants. The 
formula is 


f{x)g{x)dx S 


* Dis$ertaH07i Gotti%gmi 1006; Math. A9m., Bd. Ixiv, p. 400. 

DisicHatiim QUtingen^ 1908. 

* Proe, Jjond. Math, vol. xxxv. (1903), p. 417. Ibid,^ 1010, vol. vlii. 

® Proc, Itoy. Soc. A., vol. Ixxxi. (1908), p. 310. 

^ Various expansions of this type are considered by A. Stephenson, Mess, of 
Math.f p. 1 (1003), April (1904), and the author, Cmib. Phil. Tra?is,, vol. xx., p. 281. 
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and in particular 


h 



a 




Riesz' has shown that this theorem holds if /{x) and [/(.xO.V'^ 
summablq or intograblo in the interval {a^h) and the systoiu of ortho- 
gonal functions is complete. The converse thooroin is also true. 
If converges, then a function /(a?) which is suinmable and whoso 

square is also summable, exists such that the integral equation (2) is 
satisfied. This theorem has been proved by Eiesz,^ Kscher,^ Hellinger,^ 
and Weyl,"* and forms the basis of the method l3y which Picard has 
obtained necessary and sufficient conditions that the integral equation 

b 

f{x) = \K{x,t)4>{t)dt 

a 


may possess a solution ^(iJ) which is summable and whoso square is also 
summable in the interval (afi). 

In the treatment of series of orthogonal functions the following 
identity which Schmidb attributes to Bessel ® is of fundamental import- 
ance : — 


b 



6 . . ft 


This gives rise to the inequality 


b i 

rt rt 


which reduces to Schwarz's inequality whoa w L 


13. Expansions in Series of Orthogonal Functions connected with a 
Linear Differential dr Integral Equation, 

The theory of these expansions now forms quite a large branch of 
mathematics, as will be seen from Burkhardt's excellent report on expan- 
sion in series of oscillating functions. Since the appearance of this work 

^ Comptes rendus^imi I OUtinger Mohrichf minimi. 

« ampUs rmdus, 1907. a Dissertation GUtingen, 1907. 

^ MaiX Ann,, Bd. Ixxix., 1909. 

/ O&mpies rendm, 1909, t. 148; Rend. Palermo, 1909, 

P* BOoher points out that Bessel considers 
and refers to Flarr, Oomptes rendm, 1857, vol. xliv., 
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now ground has boon broken by Dixon/ Knosor/ SfcoHoff,*'*' Hilbert/ 
Schmidt/'’’ Mason/’ Hobson/ and Filon/ 

In Hilbert’s expansion theorom a function which can bo expressed in 
the form 

h 

M = ( 1 ) 

n, 

whore G{Xji) is a symmetncal kernel and (l>{t) a continuous function, can 
be expanded in an absolutely and uniformly convergent series of the form 


c?o 

/(*) = i; a^il>n{x) 


where the functions are a complete system of orthogonal functions 
derived from the kernel Gr(a?,i5). By taking G(ir,^) as the Green’s function 
of a linear differential equation the expansion theorem for series of 
solutions of the differential equation is obtained, and the condition (1) 
may be usually replaced by the condition that f(x) possesses a continuous 
second derivative and satisfies the boundary conditions. 

By means of this theorem all the known expansion thcorems—a.^/., in 
series of Bessel, Sturm, Legendre and Lame’s functions and also those 
discussed by Poincar6 — the normal functions of the differential equation 


dhe , dhi dH 


•f = 0 


investigated by Lo Eoy, Steldofi^, Zaremba, Korn, and others, are made to 
depend upon the properties of an integral equation of the typo 

/(s) = <i){s) — 

a 

h 6 

where | |[K(s,i)]^dscI^ 

ft ft 

has a finite value. 

A simplified proof of Hilbert’s theorem was given by Schmidt and a 
restriction was removed. Schmidt also extended the theorem l)y intro- 
ducing two systems of orthogonal functions </)„(s), connected with an 
unsymmetrical kernel. These functions are defined by the equations 

b 

f„{s) = 

a 

b 

fn(t) = ffXs) >^{S,t)ds 


^ Proe. London Math, SoG.t ser. 2, vol. iii. 

Math. Ami,^ vols. Iviii., lx., Ixiii. 

^ Anyiales de Toxtlouso, 2nd son, t. 3 ; ConvpUs rendxis, April 8, 1007. 
Oottinger Nacknehten, 1901. 

Pissertation Gottingen^ 1905 j Math, Ann., 1907, vol, Ixiii. 

® Tmm, Awer, Math. Soa.) 1907, vol, viit, p. 427. 

Proe, London Math. Soc,, sen 2, vol. vi„ p. 319 (J908), 

^ jMd„ ser. 2, vol. iv., p. 396 (1906), 
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and are evidently the orthogonal functions derived from the symmetrical 
kernels 





The roots are all positive since 0(5, /r), ll(s,x) are komels of 
positive type^ and are the same for both 0(5 , .t) and ll{s,x). These 
orthogonal functions <l>n{^), a/i’o used by Picard in finding the con- 
ditions that the equation 

f{x) - 

' ft 

may be soluble, and many other theorems connected with an integral 
equation of the first kind may ho expressed in terms of thorn. 

Hilbert*s expansion theorem does not, however, apply to the important 
case in which the function f{x) has singularities or is discontinuous. 
The work of Dixon, Kneser, and Hobson remedies this deficiency. 
Kneser considers series of the Sturm-Liouvillo type, and removes the 
restrictions imposed by Stekloff and Hilbert, that the function be con- 
tinuous with its first and second derivatives, and satisfy the same boun- 
dary conditions as the normal functions.^ Hobson has carried the theory 
a step further by introducing Lebesgue integrals, and oonsidoring the 
case in which the function has singularities. Ho obtains a very general 
convergence theorem and applies it also to series of Legendre and 
Bessel's functions. Dixon considers the very important class of harmonic 
expansions of the typo 

his paper contains many interesting results. 

Decent work on the subject has also boon done by BirkholT^ and 
Mercer.^ 

Dixon and Pilon clisciiss the expansion by means of Cauchy’s tlmory 
of residues ; the work is interesting, and scorns to suggest that Cauchy's 
method may be of value in the treatment of integral oquations if wo 
consider contour integrals in wliich the determinant D(A) appears in the 
denominatoi% 

Various other expansion theorems conneotod with integral equations 
have been considered by ttie author, but for tlicBO wo must refer to tho 
original papers. 

14. Integral Egnaiions of the First Kind. 

An integral equation of the type . 

6 

f{x) = p(a!,^)^f>(^)c7^ .... (1) 

a 

* Mason removes a rofetriotion imposed on tbo differential equation that one of 
the fme%icm sbwld be positive. 

» Trms,, ms, vol ix., p. ara. ^ mi Tram. hilO-lh 
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in which the limits of integration are fixed has boon called by Hilberti ^ 
an integral equation of the first kind. The term * integral equation ’ is 
due to P. Du Bois Eeymond.^ 

The function Is called the kernel {kerUi Noyau), but the terms 
micletis^ characteristic fimetion are sometimes used. 

Particular forms of equation (1) were considered by Laplace, Fourier, 
and Abel, but a general theory was first given by Murphy,'^ who con- 
sidered the equation in connection with electrostatical problems, It 
should be mentioned that some of the problems considered in Green’s 
essay (Nottingham 1828) are equivalent to integral equations of the 
first kind. 

It was pointed out by Peacock ^ that the bomogoneous equation 

5 

0 = |A:(ir,^)x(^)^^ 

a 

may possess an infinite number of solutions, and it was observed by 
Murphy and Liouville that the general solution of (1) may be expressed 
as the sum of a complementary function and a particular integral. 
The integral equation (1) has been studied by Pincherle in connection 
with the theory of distributive operations and by Pincherle,^ Levi Civita,’^ 
and the author in conneefcion with linear differential equations. 

A useful method of solving the equation is to ejepapd the function 
in a series of the form 

and the function f{x)^{t) in the form 

where the functions (OjX»i( 0 connected by tho relations 

b 

=1. m - n. 

This method, which is virtually given by Murphy, has been developed 
in other forms ))y Dini,® Lauricolla,"'^ Picard,^*’ and the author.^ Picard 
has made use of a theorem duo to Eiesz on expansions in series of 
orthogonal functions to obtain an expression for the necessary and 
sufficient conditions that a function f{x) may be capable of being 
expressed in the form (1). The condition is that a certain series of 
constants derived from the function fix) should converge. It is 
necessary of course to impose a number of restrictions upon the 
function K{xfy. 

* GotUnqef N'acJmMen, 1904. * Crelle, 1888, vol, ciii., p, 228, 

s Oam/)r. Phil. Pram., 183.3, vol. v., pp. 113-148, 316-394. 

^ BHt. Asmo. Itepoft, 1833. * Aeta Math., 1887. 

® Acta Math., 1892 ; Chicago Congress, 1892, '^Zomh. lle'nd., 1895 Torino At ti, 1896, 
« Ann. Unw. Tosc., 1880, vol, xvii, Ilini's method really applies to an equation 
of Voltcrra^s typo. 

Pmd. Lined, 1908, p. 193. Pend. Palermo, 1910. 

PrpO. Jjpndgn Mpbth, Soe,^ 1907# ser, 2, yol. iv.^ p, 461 j Mess, Math., 1910, p. 129, 
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In some cases the equation (1) possesses a unique solution of a 
specified typo. If </»(/) is contimious, this is the case for iustauco if the 
double integral 

hh 

ftii. 

is positive for every continuous function ^/). A kernel which is 
symmetrical and possesses this xn’opGi'ty is said to bo definite (Hilbert), 
The same definition appears to hold if 



exist. 

When the solution of an integral equation can be expressed by 
means of a single formula, e,g,, 




this formula is called an inversion formula. A largo number of invor- 
sioir formulm for difierent types of integrals are Imown. 

The integral equation (1) and the homogeneous equation (2) may bo 
studied as limiting cases of the integral equations of the second kind— 

h 

f{x) = ju?.(a!) + {K{x,t)<l>{t)dt 


p6{x) + K{X}t)(j>{t)dt =as 0 


when fi = 0. This metliod was suggested by Fredholm and has been 
developed by the authord 

Many properties of the integral equation are suggested when it is 
considered as the limit of a system of linear algebraic equations. There 
are indications of this idea in the work of Fourier and Murphy, The 
method was used by Volterra in 1884 and has formed the basis of the 
epoch-making work of Fredholm and Hilbert in the theory of the 
integral equation of the second kind. At present the most powerful 
method of solving integral equations of the first kind is to express the 
kernel as a definite integral of a convenient typo and solve the equation 
in two steps. The formula of Fourier, Hankel, and Pinohorlo and the 
multiplication theorem of section 16 arc of fundamental importance in 
this connection. 


15 . Canonical Form of an Integral Fqmtion of the First Kind, 
Definite Functions, 

An integral equation of the type 

f{x) ^^K{x^fyp{t)dt 

- ' " - : ^ April (1910), 
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is reduced to a canonical form by multiplying it by p{ii*)K{a',s)y wlioro 
is a 'positive function and integrating * between suitable liiiiits If 


y 

the new equation is ^ 

h{s) = ^g{s,t)(l>{t)dL 

a 

The new kernel g{s,t) is a symmetriG function of s and t and is such that 
the double integral 

h h 

[ ^oMxis)xi¥sdt 

a a 

is either positive or 5>:oro for any arbitrary continuous function x(0’ 
in fact for any summablo function whose square is also suinmablo. 
Such a kernel is said to bo of positive typeP' A function g{s,i) wlucli is 
such that the double integral is always positive is called a definite func- 
tion (Hilbert) ; thiS; of course, is an extension of the idea of a defuiito 
quadratic form. 

The sum of a definite function and a set of functions of positive typo 
is clearly a definite function ; this fact and the above method of con- 
structing functions of positive typo enable us to form many types of 
definite functions. 

It has been shown by the author and by J. Mercer that if o(ir) is a 
real continuous function which is never negative and never decreases as 
so increases from a to h, then the function g{;x,t) defined by the c(piaiion 

g{s}'d) == «(0 ^ ^ 

s= </(.r) a X t b 

is a clofinito function. l?rom this it follows that if ft{x) y(x) aro Con- 
ti nnoim functions wliich aro never negative, and if y{x) increases with x 
and p{x) at the same time doorcases, then the function 

h{xjt) ^ l%i)y{x) x'^t 

=! li{x)y{t) x>t 

is definite,^ The functions /3(0, y{t) may vanish at the upper and lower 
limit respectively! 


^ Ti /(so) is only known for a oonutablo set of values of x, We must sum insteml of 
integrating. If, however, luebesgue integrals are used the distinction is unneces^Sary. 


This nomcnclaturo is due to Mercer, Phil. Tmm. A,, vol. cck., pp. 416^116. 
** TTio conditions are satisfied for Hilbert’s fund ion 

x<-t 


h («f, t) S 
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The case in which l3{x) and y{x) are solutions of a differential 
equation is of special interest, for then h{Xfi) is gonoi*ally a Green’s 
function (section 8). The conditions in which two solutions of the 
differential equation exhibit the required properties are indicated by 
the following theorem due to Dixon, Woyl, and Kneser. 

Let 

LOS -»(•)«= 0 

be a linear differential equation in which is a positive function 
having a continuous first derivative for s^.O, while q{s) is continuous 
for all positive values of s and such that 

q{s) > 0. 

Let y{s) bo a solution of = 0 defined by the initial conditions 

r(o)> jp{o)y'(p) — 1 ; 

then > 0, y{s) > 0, for s > 0. 

Similarly, if p(s) is a solution defined by the initial conditions 
u{o) 1, «i(l) = 0 

we have 

f <0, /3>0. 

Hence the solutions /3(s), y{s) satisfy the above Conditions. 

It has been proved by Mercer (l.c.) that the necessary and Sufficient 
conditions that a function g{s,i) may be of positive type are that the 
quadratic form 

S S sr(p,3)a5j,a3, 

p <r 

should be definite * for any choice of a set of points M • - < in tho 
given interval. This theorem has been extended by W. H. Young. 

It is clear that the properties of definite functions may lie oxtondod 
to functions of several variables. It is important to notice that tho 
functions 

1 

[(» -xy + (g-y>y + (s - «‘)“]‘ [(* + x'y + {y fy +> - iiyv]! 

in which the variables (x,y,z) ix\y\z') are the coordinates of points on 
Oi closed surface are definite functions^ 

The first) function occurs in potential problems connected with a 
single closed surface, the second function occurs in potential problems 
connected with a closed surface in front of an infinite plane. This 
property of the functions depends on the identities 

^ ^ The conditions are that the quantities , . . . should 

variables . . '.*'.*’containea in the 
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C50 OO 


[(x - x'f +(y~ 2 / 0 “ + {3- «')0‘ “ f f f 


‘CO — CO — 03 





CO oo 


[(x + a;!)“ + (y 


:y-V)‘^ + («-T')0*- if f f 


— CO — o» 


(af+a) (x^+a)di]d^ 

[(*+«)“ + (v-yy + [(a!'+ffi)“ + {r,-yy + {i:-z'yi 

the second of which is due to Lord Kelvin. 

It also follows from the equation 

.A « f “ ds 

e - \ e 

—CO 

that for positive values of t the kernel on the left; is definite for values of 
X and in any real interval. 

Additional Bcsnlis, 

If a definite function g{8,t) is such that < 7 ( 5 , 5 ) vanishes for one 
value of s = then gis^jt) an<i g[St8^ are zero for all values of t and s 
(Mercer). 


16. Multiplication Formula and their AppUcationSn 
Borel has shown that if, 

00 CO 

f{x) = ^e-=^‘<l>{t)dt, g{x) = ^e-’*m)dt . . . (1) 

0 

then, with certain limitations,^ 

CO 

fix)g{x) = |c-^'x(t)di, 

0 

0 

This result is very useful for solving equations of the type 
a{i) = X/l(i)+ jup(i — r)/7(r)ir, 

o 

for if we multiply by e"”®* and integrate between o and oo there is an 
algebraic relation between the functions derived from n(^), /3(fl, ^(^) by 
formulae of type (1). 

» The theorem has been established imder much less stringent conditions by 
Bromwich. Injfinite S 0 rint pp. 280-283, 
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It is clear that any multiplication theorem for integrals may be used 
in a similar way. 

The multiplication theorems for integrals of the types 


1 


/(,2,) = . . 

0 

. . . (2) 

03 

f{x) = . 

. . . (3) 


have been given by Mellin.^ 

If the functions corresponding to the 

function '^(t) corresponding to the product is given for integrals of 
type (2) by 

t 

and for integrals of typo (3) by 

CO 

There are also a number of multiplication thooroms for Fourier’s 
integrals. For instance, if 

03 CO 

' /(®) = jeos xt<j>{t)dt, g{x) = |cos xt\p{t)dt 
0 0 
and is an even function of t, then 

CO 

f{x)g{x) = IcosicixWf^^i 
0 

©0 

where x(^) = f W - r) + f{t + r)]i/-(T)(i!r. 

f) 

These theorems have not been thoroughly investigated. 

Integral equations of the type 

«• 

a 

are of very frequent occurrence. The following hydrostatical problem 
may be taken as an example : — 

. ^ solid in the shape of a surface of revolution is immersed with its 
axis, vertical in a heterogeneous fluid, and weights are placed on the top 

*" B'5-68, JOIO. See also 
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of the solid so that it sinks to a ^dven doptli. Find the law of density 
of the fluid 111 order that the total weight of the solid and weiglits may 
bo a giverx function of the depth to which solid sinks. 


17 . Integral Eqihatiom in tohich the Principal Value of the Integral must 

be taken* 

The inversion formulyo for integral equations in which the integral 
has its principal value are often very simple — for instance, Hilbert gave 
in his lectures the formula 


^{s) /(^) cos 7r(5 



f[s) — I cos 7 r(s — t)dt -f f{l)dt 


particular forms of which had been known for some time. This formula 
was used to solve more general equations of the first kind in which an 
integral has a principal value. The formula) have been derived and 
extended also by Kelloggd 

A general theory of inversion formulas connected with integrals of 
which the principal values must be taken,®, has been given by Hardy ® and 
many beautiful results have been obtained. 

Integral equations of the . type under consideration are of some 
importance in two dimensional potential problems, as they arise when 
the point at which the potential is estimated is taken on tne attracting 
curve. 

AddiUonal Seetdte* 


If (i){x) and its first two derivatives are continuous and /f{x)l <1:^ and 
the integrals 


cxa 


(— ctx 


are couvorgcnt^ and if 


t 


(l>(x)diJ(} 


then 


ea pj* 


X 

Also if xtsi) = pjoosec 7 r(a; ^ y)f{ai)da!, 


(Hardy) 


* Dissoffatioii, lOOii. 

* Btokcsi,* Ofv the Highest Wave of Uniform Propagation i ProQ* (kmlr, Phil, 
Soo , 1888, vol. iv., pp. B61-.805 ; Math, and Phys. Papers, vol, V., pp. lAO-159. The 
Correapondcnoo of Hermite and Sticltjes. 

Froc, Lend* Math* 1000> sen 2i toU vU., p. 18J. 
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1 

^( 2 /) = pjoosec 7r(2/ — x)x{x)dx, 


tlicn /'w/ “j w -//vv'/" ' ly) 

whei’e P clQiiotes that the principal value of the integral must bo -taken. 


18, Distributive Operations* 

It has been pointed out by Pincherle ^ that many of the theorems of 
integral equations are simply illustrations of theorems belonging to the 
general theory of distributive operations, and this is one of the leading 
ideas in the applications to integral equations of the General Analysis 
developed by E, H. Moore.^ 

Although the use of symbols to denote operations was first advocated 
by Leibnitz ^ and his calculus of symbols was developed by Lagratigc#'^ 
the first great step in the theory was made by Servois Who showed that 
the analogies between the calculus of symbols and ordinary algebra depend 

on the fact that the various symbols A, f , S, &c,, possess the oommuta- 

tive, distributive, and associative properties ; the first two terms were in 
fact introduced by Servois. 

Two symbols A, B are said to obey the commutative law if 

AB BA, 

they are said to obey the associative law if 

A(BC) = (AB)C! 

where C is any other symbol of the same type* 

If the symbols A,B denote operations it is Convenient to Interpi^ei 
AB as thei result of first operating with B and then With A, If the two 
operations Obey the commutative law, the order in which they are per- 
. formed is immaterial. 

In order to define the distributive law we must introduce the idea of 
objects or functions on which the symbol or operation acts* If a, , 
denote different objects, an operation A is said to be distributive when 


A(a + /3 + » » • 0 =* + Mfi) + * « • » A(ca) =s cA(«)* 

A set of functions which are chosen according to some law is called 
2 ^ field of furfctions, a function a is said to be a condensation function 
of the field when to every positive quantity e there is a function /J 
belonging to the field and different from a and such that 

fa — /3/<€, 

A field which contains all its condensation functions is said to H 


* Mend. Mincei^ 1906 5 Molopna MennoifSi ser, 6% vol. iii, A good account of the 

theory of distributive operation is given in the book by Pinoherlo and Amaldi* U 
Of&rmiani XHetrihuti'oe^ Bologna (1901), ^ 

* ISfewhaven, Mathematkdl ColUptmAi j Yale tJnlv. Press, 1910. 

Muoell, 1710, i. p. 160. ‘The Correspondence of Leibnitz and Johil 
Leibnitz's Mdthematiml Worhs (1), iii., p. 176. 

» 1772, t. 0, p. ML » Gergmrn Am.^ 1614, t, 5, p. 93* 
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closed. Tli3se clefiaitions have been exfeerideci by E. Schmid!) ^ to func- 
tions of an infinite set of variables. 

A field of functions is said to be linear if, when «, /3 are any twc 
functions belonging to the field, the function 

Xa ju/5 

also belongs to the field, X and fx being arbitrary constants* 

It often happens that by performing an operation A upon a function 
a of a field M another function of the field is produced. When this 
is the case the functions for which the operation is periodic are of 
special interest, in particular if the operation is of period one so that 

a = XA(fi) 

where X is a constant the function a is called an invariant of the 
operation A (Pincherle). Thus in the case of the operation defined by 
the definite integral 

b 

a 

the invariants <j) satisfy integral equations of the type 

b 

<j,[s) =2 X ^K{Sft)(j){t)dL 

a 

If A and B are two operations the equation 

ABtf ) » BA^ 

is generally a functional equation which determines the functions ^ with 
respect to which the operations A, B are commutative, but it may 
happen that it is satisfied identically. In the case of the operations 

& 

A-(/) = 'B{f) = ^h{s,f)f{t)dt 

a <t 

this is tho gase if ® ^ ^ 

ti a 

This equation is satisfied by series of the type 

k{!e,t) = 2a„^„(!»)xn(0 

where x«(^) satisfy the homogeneous integral equations 
Fnfnis) = U{s^)<l>n{3:)dx 

a * 

b 

a 

^ Uend. PdlaTnint 1907 . 

^ Some properties of permutable functions are considered by VoUerra, Rend 
L'mceit April 17, 1910. 

1910 * 


D D 
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jPinciieiie has made considerable use of a very suggestive analogy in 
which the functions of a field are compared with the points of a s^Dace of 
an cnumcrally inhnite number of dimensions and distributive operations 
with linear transformations of this space into itself. The properties of 
adjoint operations are then indicated by the correlative properties of 
points and linear manifolds of order n — 1 in a space of n dimensions. 
Tlie use of a space of an eniiraorably infinite number of dimensions has 
boon further developed by Frdchet * and Bchmidt/*^ 

In some eases the conditions that two operations 

A(/), A{f) 

may bo adjoint can be expressed in a very simple form such as 

b b 

|A(/)'/)(a;)ifa! = |A(f/))/(a;)c7a: 

rt a 

or 

M(/)-/aW = £(R), 

the latter form occurring in the theory of linear differential equations* 
The other form shows that the operations 

A(/) = A{<l>) = j'(/>{s)i.(s,,r)ds 

a ft 

are adjoint. 

An important property of adjoint operations is that if one operation 
is composite, e,g.j A = BO, the adjoint operation is also composite, and 
consists of the adjoint factors in the reverse order, i.e.^ A ~ CB, 

In some cases an operation X can be inverted in a unique manner 
by an inverse operation X^h The discovery of the operation inverse to 
a given one depends on the solution of a functional equation: if the 
operation involves a definite integral the equation will be an integral 
equation. Since the operation invei'se to a distributive operation is also 
a distributive operation, it is convenient to have a general expression 
for a distributive operation. 

This has been supplied by Hadamard in the case of the particular 
class of distributive operations wliich arc continuous; those are called 
Imear operatiems. An operation is said to be continuous''* in a field of 
functions M if, when sequence of limited 

functions belonging to M, and such that 

-> a(x) as n -> co 

except, perhaps, for a set of values of x whoso content is ^oro, then 

A(m) =lim A(fi„). 

n cd 

^ Mend. PalermOi ® 1 907. 

* BotirTiet, VMcotc JS^ormale, 1903, scr. 3, t. 14* See also Hadamard’ei 

paper," 
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Hadamard ^ has proved that any linear operation A (a) can be expressed 
in the form 

h 

A(o) = liin 

7i CO J 
a 

where Kn{x) is a suitably chosen function. This result is important 
because it indicates the general form to be expected for the inversion 
formula of a linear integral equation. 

Frecheb" has given other proofs of Iladamard’s theorem, and has 
shown that in particular the functions K,,(a?) may be taken to bo 
polynomials. 

The transformation of operations is also of some importance in the 
theory of integral and differential equations. Lot X be an operation 
which can be inverted in a unique manner by moans of an operation 
X"b then an operation A is said to be transformed in B by means of X 
when we have identically ^ 

B = XAX-h 

If Ai is transformed into B^ and Ag into Bo, then AiA 2 is trans- 
formed into B 1 B 2 . If the operations A form a group, the operations B 
also form a group. If two of the A’s are pormutaldc the corresponding 
B’s arc also permu table. If A is transformed into B the adjoint operation 
B is transformed into K. Those theorems find a good illustration in 
the connection between the transformations of Euler and Laplace in 
the theory of linear differential equations. 


19. Connection tuith the Calctdiis of Variaiiom. 

A connection between integral equations and the calculus of varia- 
tions was indicated by Volterra in 1884* He showed that the integral 
equation 

/(a?) = [ /;(a% t) /; {t)d t o^x^.a 


may bo obtained by making the first variation of the quantity 




K{x,t)(l>{x)(l'{t)dxdt 


rt. 


equal to zero. 

Hilbert obtained another connection by showing that the maximum 
value of the integral 

J) h 

a a 


^ Hadamard, Comptes rendv.% Feb. 9, 1903. 

“ Tram, Amer. Math, Soe., 1905, vol. vi., No. 2, p. 138.^ 

® Fincherle and Amaldi, Ch. 13. The theory was* ai'>pliocl to contmnons groups of 
transformations by C. Jordan. Annali di Matamtica, 1868, ser. il, t. 2. 

* II nmro Cimmto, 1884, series 3^ vol. xvi., p. 49. 


D r> 2 
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subjooti to iho condition ^ 

=5 1 

is . whoro is tho smallest value of X for whicli the lioinogonooiis 
integral equation ^ 

— \^K{Xjt)iii{t)dt = 0 

a 

can bo satisfied. Tho othor roots Xg, X 3 , , . . . aro obtained by finding 
tho maximum value of tho integral when a number of additional 
conditions of the typo 


aro introduced, f,{t) being solutions of tho hoinogonoous oi[uatioii for 
the roots A,. 

Hilbort as*sumcd in his investigation that k{Xyt) was a dofmito func- 
tion, so that all the quantities X, aro positive. This restriction has 
boon removed by tho author,^ who has found limits within which Iho 
double integral must lie ; the method depends upon a uso of tho cnexjy 
function. Another proof of Hilbert’s theorem is given by Holmgren!^' 

Thoio is an analogous theorem duo to Diriclilot for clifforontial 
equations, and this has been used by Mason to estaldish tho following 
general theorem : — 

There exists an infinite series of normal parameter value's X„ and 
corresponding solutions (normal functions) of tho dillbieniial 
equation 

2/" 4* XAy = 0 (1) 

and tho boundary conditions 

y(a) = 0, y{h) = 0 . . . . (2) 

If A changes sign in {(1^1) tho values X„ include an infmilo sories of 
positive terms Xi<X 2 <A 3 < . . . increasing without limit, and an 
infinite scries of negative tovniB 

X i^X^2'5'‘X ««•« 


decreasing without limit. The function j/,, satisPios tho conditions 

h h 

=» ± 1 I hy,ydx = 0 

^ • • • dh(^ 3)1 

(in which tho upper or lower signs are lo be taken according as n is 
fOsitiye or negative), and gives to the integral 


^ 1008, vol. xxi. 

lOO?, voh vii , p. 3S7, 


® Compte$ TmditS) lOOo, 
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its least possible value consistent with these conditions and the equations 
(2). This minimum yalue of J is ± 

More general theorems have been deduced for the differential equation 
and more general boundary conditions. 

These problems arise naturally in the Calculus of Variations in the 
following way ' : — 

Consider the problem of determining a curve y = y{x) joining two 
given laoints for which the integral 


JP{y\y,x)dx 


has a minimum value. 

Let y = y{x) be the equation of the required curve and 

y=^y + €u 

a neighbouring curve, where u is supposed to satisfy the following 
conditions : 

(1) In the interval u[x) possesses a continuous first 

derivative. 

(2) % vanishes for a? = a and for a? = &. 

We then have 

h 

J = 

a 

+ + . . .]dx 

a 

(t ^ . 

where Fj, I's? denote the partial derivatives of with 

regard to y' y» 

Now sifice y makes J a minimum 

E.-|(F,) = 0 

and ^/^Fn — 

Hilbert now considers the problem of determining the function u(x) 
so that the quantity ^ 

0=1 ~ dx 

a 

^ Hilbert, Leotims on tlie Oalciilm of VmiaUonSf Gottingen, 1904-05. 
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may bo a minimum wlicn h {, v ) saiinfios the condition 

h 

it 

\vbi(jh is introdiKUMl to o\<‘ludo Uio cas(' of ti{,r) ‘"“0. 

'Pho liu(‘ar (lilToroittial oquation coiTospoiKlinf^ to this isoponmotric 
problem is 

rj(//) + Xit =: 0 



Tito function ic{x) must salisfy this O(|uation and tbo conditions 
alrc‘ady laid down, and this can only 1)g done for certain values of X. 

This theory is developed in the G()Uin‘»‘en dissertations of Kdni^ (1907) 
and Cairns (1907). The latter considems a function which mak(‘S the 
integral il a nunimum subject to the two conditions 

h h 

|«(.r)(/(j') = 0, = 1, 

a «f 

and arrives at a dirioroutial equation 

rj(//) Xu -j- X^|/(.r) = 0. 

IIo shows that if r(«^S^) the Green’s function for the difforontial 
equal ion when X' = 0, and 

h 

(I 

then the Green's futiction in the case when X is not i^cro is given by the 
formula 

J iii)<j{t)(U. 

a 

This result is closely connected with a general theorem given by the 
autlion^ 

Kdnig discusses^ Hilbert’s problem in connection with Jacohi’s 
criterion and the oscillation theorem. 

A fuller investigation has been given recently by lUchardsou.'^ 

20. likmann's Problem. 

The work of Fuchs raised the question as to how far the branch 
points and monodromic group belonging to a linear difforontial equation 
can be considered as independent of one another. Eiemann endeavoured 
to answer this question in 1857 by considering the problem of clotcrniining 

1 €amh\ Phil Tram., 1907, vol. xx., pp. 281-300. 

« MoftK Am., 1910, Bd. Ixviii., p, 370. 
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tho diffei’enfcial equation when the branch points and group are known. 
The problem was solved by Sohlesinger ^ with the aid of Poincar6’s 
Zetafuchsian functions in the case when all the roots of the characteristic 
equations, which belong to the fundamental substitutions corresponding 
to tho circuits round the singular points, have their moduli equal to 
unity. ^ The convergence of the series of Zeta functions is then ensured. 
Sohlesinger ^ has more recently used a method of continuity to obtain a 
pi'oof of the solubility of Eiemann’s problem. 

A new method of dealing with the problem was invented by Hilbert ^ 
in 1901. He considers first of all Eiemann’s general problem^ of 
determining, in the interior of a region of the complex plane bounded 
by a given curve, G, functions of a complex variable when relations are 
given between the real and imaginary parts of the values \vbich the 
functions assume on tho boundary. Hilbert shows that if 

f{z) = u{x,y) + iv[x,y) 

and ‘Za(s), ' y(s) are the values which tho functions, take on tho 
boundary, then the problem of determining f{z) when a relation of the 
type 

a(s)w(s) + b(s)v(s) + c(s) = 0 

is given, a(5), 6(5), c(s) being periodic functions of the arc 5 with con- 
tinuous derivatives, can be reduced with the aid of a Green’s function 
to the solution of an integral equation of the second kind.^ Ho then 
goes on to show that the problem of determining a pair of functions 
f 0(^)7 9o{^) which are regular outside 0 and a pair of functions g\{^) 
wnicn are regular inside 0, so that there is a given linear transformation 

/.(s) = Ci(s)/,(s) + Oi(s)g,(s) 

go{s) = 6l{sVl(s) + C 2 (s)'/ 2 (s) 

with complex coefficients Ci(s), c,(s), Ci(s), < 3 . 2 ( 5 ), each of which possess 
a continuous second derivative, can be reduced by means of Green’s 
functions to the solution of a pair of integral equations of the second 
kind, and these may be reduced to a single equation of the second 
kind by means of Fredholm’s artifice. 

These results are then applied to the solution of the problem of the 
monodromic group by formulating this problem in the following way ; 
Let a closed analytic curve G be drawn so as to pass once through each 
of the singular points ^1, ^2 • • « * then we have to find a pair of 
functions f{z) g{z) which shall behave like regular functions of the 
complex variable at all points of the plane, including the strip of G 
between Zr,^ and ^j, but which shall exhibit a singular behaviour on the 

* Comptes renitis^ 1898, 1. 126, p. 723-725 ; Math, Ann.^ 63, pp. 273-276. 

^ Cretle^ Bd. exxx. j Acta Math, Bd. xxxi. ; d'’&. Mrm. 8nv , (3) 20, 

1903. 

® Yorlemnaen, \ Meidelberff Congrassy 1004; Gottingen ]S'ac.h\,\%Qo, 

^ Another treatment of this problem is given by A. 0. Dixon, Canibr. Vldl, Trans,, 
vol. xix., part 2, p. 203. 

® Further investigations on this subject have been made by Haseman, DUsertaiion 
Gottingen^ 1907. 
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portions of tho curvo between s^ and ^2 . . . . s,„ 1 and s„,. If 

/„(s), j 7 „(i') donoto tho valuo-s of /(s) and tj{'S) outside C, 

.. .. » ' inHidoO, 

then the oonditions to bo satisfied aro that 

/. =/i. 0» — fJ\ on tho portion ot G 

fo = 71"% + yB^Vl nn tbe nnrt.ion '■ 

/»-«! /i +«2 (/1 (7i = l, 2, . 

Plomolj ^ has shown that this problem of Eiomann may bo solvod in a 
much simpler way by using Cauchy’s integral forniula in place of 
Green’s functions. 

llil])crt also gives suffieiout conditions that a given complex 
expression 

u{s) + 1^{b) 

may bo tho boundary value on 0 of a function of a complex variable 
which is regular inside or outside 0. 

21. The Solution of Lhiear Differential Equations hij moans of 
Definite Integrals.'^ 

Laplace’s method of solving linear dirferontial equations by means 
of definite integrals has been extended by Heine, Pinelierle, Jordan, 
Poohhammer, Sohlesinger, and many other writers. The general method 
of solving an equation == 0 by means of a definite integral of the 

fix) = j'.(x,7)f>{i)c?f 

depends upon the formation of an identity of the form 

L,(v) = Mi(zp) 

whore xv^x^t) may or may not bo identical with k\ If J\r,(r) =:= 0 is tho 
differential equation adjoint to = 0 wo liavo in general 

h,(/) = I h,i<c)<l>il)(U =1 M,iw)i.{t)(U = + J wiAf)Mf)dt 

where E is tho bilinear concomitant. ' Tho first integral can usually bo 
made to vanish by a suitable choice of tho limits, and the second integral 
vanishes if fj>{i) is a solution of tho equation 

M,(y) == 0 

which is called the transformed equation relative to tho kernel k\ In 
the case when K{Xft) = o’* we may take tv{Xyt) = e'\ and then if 

* SHtungabeHeMct Vienna, May 10, 1006 ; MonaUlicfte fiir Mathmalih nnd Plij/sik" 
1008 ^ JaJtTeBbcTicM der de^tiUckm Math. Verehh, 1000, p, 15. 

® A report and bibliography on the theory of linear diiTercntial equations from 
18f5-1007 is given by Sohle&ingcr, Jah^e$berlcJt( (h'r deutseJiCn Math, Ven'\n,. 
1809, p|>. 138^^66, 
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L,{u) = 205„,„a; 


W 




m,(b) = 


d'^^v 


The equation Mi('i^)= 0 is then the Laplace transformed equation. 

It was shown by Petzval ^ in 1859 that Laplace’s transformation is 
periodic, the second transformation yielding the original equation except 
for a change of sign of the independent variable. This, of course, was 
indicated by Fourier’s integral formula. The result is important, as it 
indicates the existence of inversion formulae of the type 


fix) = [ e-^‘<l>{t)dt, ^(t) = gh [ tffix)dx. 

These formula have been studied by Pincherle,^ A particular 
inversion formula 

CO CO 

/(«) = 2^- { .Ifv) = f /(fc + da 

0 — Ol 

<3? = ic 4' iy 

X < h 

w’as given by Cauchy^ long ago.^ 

The general theory of periodic transformations has been developed 
by Pincherle ^ and Levi Givita.'*’^ Those in which the original differential 
equation is reproduced after a single transformation are of special 
interest, as they connect themselves naturally with homogeneous integral 
equations of the type 

& 

^(s) = X j* K{s,i)(fi{t)dt. 

a 

An important class of equations which are transformed into 
themselves l)y a transformation of Laplace has been discovered by 
M. Abraham, and has been extended by the author.^ The equation of 
the elliptic cylinder belongs to this class of equations. 

The transformation in which the kernel is of the form 

(iT — 

is of special interest, and is called after since ho first used 

integrals of the type 

6 

a 

to solve linear differential equations. The theory of the transformation 
has been developed chiefly by Heine, Pincherle, Schlesinger, Jordan 

' Integration der Unearen DifferentialgleicJinngen, pp. 472-473. Simple deriva- 
tic ns of PetzvaPs result have been given by Pincherle (^Le operazioni disiribntivc, 
Bologna, 1901) and the author, Iroc, Zond^ Math. Soc.y 1907, ser. 2, vol. iv., p. 487. 

^ Bologna Memoirs^ ser. 4, t. 7-8, 1886-87 ; ser. 6, 1907, vol. iii., p. 143. 

^ Comptes re?id‘U.% Paris, 1861, t. 32, p. 215. ^ Acta Math, 1892, 1. 16. 

" lorino Ait% 1895, t, 31 ; Lomh. Mend., 1895, t. 28. 

** Am^ 1901, Bd. Ui*> 81, • C^c^nihr, PUl Trans , 1909, 
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and Ponhhammer. The last two authors have enriched the theory by 
th3 introduction of double circuit integrals. 

Pincherlo ^ has obtained a symbolic expression for Euler’s trans- 
forfnation E„ in terms of Laplace’s transformation Ij and the operation 
of multiplying the dependent variable by x'\ This formula 

E,= L-’M„,L 

suggests the existence of inversion formuloo of the typo 


/(•'») = jc® - ty-^ 

^j(i) = — t) -•’-'^f{x)di0 


where X is some constant. 
The equation 


+ 1 

/(.)= f 


<l>{t)dt 


(i - 2is + s^y 


y > 0 


f(s) = j'[,/(aT) + xf\x)] sin'^-'" arfa 


where oj s 4* i V 1 — cos a provides an interesting example. 

Abel’s integral equation is a particular case of a formula of this 
kind. Other formiiUB have been considered by Pincherlo ^ and the 
author.*^ 

The transformations associated ■with kernels of the fornis k{x — i), 
K(xt) have been discussed by Mellin.*^ These transformations may bo 
conveniently studied in connection with the multiplication^ formulee. 
Transformations of other types have been considered hj Picard and 
Cunninghani, but at present these seem to belong to the theory of 
differential equations rather than that of integral eqiiations. 

Transformations of difference equations into differential equations 
load to integrals involving Gamma Eunctions. Those integrals wore 
discovered l)y Pincheiie,® and have been studied subsequently by 
Mellin and Barnes.^ The theory of these integrals is connected witli 
the inversion formula of Eicmanu and Mollin.^ 


22, Applications to. the Partial DiffercjdM JEfpiations of 
Mathematical Physics, 

Integral equations frequently occur in the solution of problems of 
mathematical physics when a definite integral solution of a partial 


Mil 




Pinclierle and Amaldi, Ze operazioni dutrlluivve (Bologna), 1901. 

Aota, 1887 ; Bologna Memoir 1907. 

ProG, Land, Math, Soe,^ 1907; Cambr, Phil. Tramt.^ 1009. 

Acta Societatu 189B, t. 21, No. 0. A paper by Cailler {Barhmm 

, t. 28) may also be referred to. 

Mmd. Lineei^ sen 4, vol. iv., pp. G94.-700, pp. 792'-799, 

1891, vol. xv., pp. 317-384. i 

Math. Soc.i ser. 2, vol. vi, (1907). 

" " Tob (1902) ; Math Am,, Bd. 68 (1910). 
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differential equation is employed.* Ail integral equation is obtained as 
soon as the boundary conditions are introduced. 

In some cases we have a single equation which has to serve for the 
determination of two unknown functions. Equations of this type were 
first considered by Cauchy in his memoir on the theory of waves, 1815, 
An interesting example is mentioned by Forsyth in his presidential 
address to the London Mathematical Society. In many cases an 
equation of this type may be reduced to the ordinary form or to a system 
of equations by a special artifice. Systems of integral equations of 
various types are also considered by Murphy.® 

A few examples of Fourier’s method may be mentioned here. Lord 
Kelvin used Laplace’s solution, 


V = 


CO 

|/(a; + 23\ft)a'-'‘dz 

oc 


of the equation of the conduction of heat, 




0V 


to solve the 


problem of the conduction of heat in an infinite solid with a plane face. 
He assumed f[y) = 0 for 2/ <0, Y = (j{i) when a? = 0. He was thus led 
to the equation 


<At) = 


CO 

0 


for the determination of /. This was solved with the aid of Fourier’s 
theorem, but it may also be reduced to an equation of Laplace’s type. 

Schlafli ® afterwards obtained the same equation, and. expressed the 
solution in the form 




ch. 


— . CO 


Lord Kelvia’s solution is 


f{x) = I dm I cosli irv/wi cos Xs/m'QO& g{t)cU. 

u o 

The equation 

0‘^V . IdV 

* This method may perhaps be justly ascribed to Fourier, as it is used by him in 
bis ‘ Analytical Theory of Heat.’ Poisson gave the solution of many partial differ- 
ential equations in the form of definite integrals, but endeavoured to avoid the 
c ccurreuce of integral equations. His efforts met with brilliant success as he obtained 
definite integral solutions which are exceedingly well adapted for the initial conditions 
cccurring in the problems. 

2 Prod. London Math. Soc., ser. 2, vol. iv., p. 431. 

Camhf. Phil. Tmns.^ vol. v. (1834). 

^ Cmibr. Math Journ. (1842-43), p. 170 ; Math and Phys. Pajycrs, i , p. 10. 

» OreWs Jourml, Bd. 71-72 (1870). 
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is satislicd by a definite integral of the form 


V = j" A 

Wc may tlotcrmiiio f/;(0 so fchat V = /(f>) when = 0 ])y fiolviii,ft'nankol'R 
integral equation ; wo may (when m = 0) tletorminc f/i(/.) so that 
V == F(r:f) when = 0 by solving an integral eq'uatiou of Laplace’s type. 
The solution of one equation may bo in ado to depend on that of tlio 
other when the solution of the partial differential equation for the given 
conditions is known. The differential equation 


is satisfied by 


02V 1 0V 

0p2 p 


H- m = 0 


V = 


c*:i 

1 f sm_/c\/r“_ 

? j ■ if 


■ 2cm>4 + a\ 

asjr+ii> - 


1 


sin k\/r^ — Sar/t + .... 


and 



'iff 

I ^ih'fisimj!^^ ^ C0^a)du . 


0 

C<5 

V == I Jo(pN/a2 4“ P)v//(a)cZa 
0 

where ^2 _ ^. 2 ^ 

If these expressions all represent the same solution wo 

00 



sin h{z — a) 
z ^ a 


f{a)(la 


CO 


• ( 1 ) 

■ ( 2 ) 

. ( 3 ) 

■ (i) 

have when 


J — a 

V 

CO 

/(.s) = j" 

0 

These integral equations are of the typo cousiclercd by Hardy.^ He 
has shown that if/(^) is defined by an equation of the second type with 
m written in place of k, then the first equation is satisfied by (h(a) =/(< 7 .) 
if h>m. This result indicates that a solution of the partial differential 
aqualion that can be expressed in the form (2) can also be expressed in 
the torm (1). By putting .8r = 0 in equations (1), (2), (3), (4), the 

* Pfoa* Lond. Math, 80 c. ser. 2, vol. vii. (1909), p. 445. 
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solutions of a largo tuimhor of integral equations may be obtained 
indirectly with the aid of the partial differential equation. Other 
interesting integral equations are obtained by replacing h- by — or 
by Some of these may bo solved by using the inversion formulae 
for Fourier, Hankcl, and Laplacian integrals. 

Equations of Voltorra’s type may also be obtained from definite 
integral solutions of Laplace’s equation ; thus Le Eoux ^ remarks that 
if zlcojijyd) is a imncii)al solution of the equation 


then 



dz , jdz 

' Ct,. ' *+• Or^ 

OX oy 


+ oz 



will also satisfy the equation, and if this reduces to g{x) when y = an 
equation of Vol terra is obtained for the determination of /(«). In the 
case of the equation of Euler and Poisson 

a 0.^ _ h dz cz_ _ Q 

fjxrhy X — y dx x — ydy (x — y)'^ 


the particular solution of the type 

js = — y)''(v — 


can bo used to obtain Abel’s integral equation. This is really only 
a modification of the method by which Poisson first obtained Abel’s 
equation. 

In many problems of vibrations a homogeneous integral equation of 
the first kind is obtained when the boundary conditions are introduced 
into a definite integral solution of a partial differential equation. Thus, 
in the case of the equation of a vibrating membrane ^ 


which is satisfied Ijy 


+ /^-v = 0 

ay-' 


an- 


the condition that V = o on the boundary x = x(&)f y'=yi^)i gives the 
homogeneous integral equation 


9«- 

0 = 


y7.i:.f\'^)ccsM+y(:^i8in 




According to a method described by the author the values of /: for which 


’ Atmates da VKcole Nimnalc Suyeneure^ 1895, ser. 3% t. 12. 

Other methods of treating the problem of a vibrating membrane xvith the aid of 
integral equations are given by Picard, Hend, Palermo, 1906 ,* Boggio, Pend, Lined 
1907, p. 386; Bryon Hey wood, TkcsU, Paris, 1908; Sanielevici, Annales de VEcoL 
P'ormale Saycrieure^ 1909, pp. 19-91, 
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an equation of this type can be satisfied may be obtained by considering 
the homogeneous integral equation of the second kind,^ 

0 

and giving A* the different possible values for which the functions /x(/c) 
are zero. These functions may be determined by a method of successive 
approximations by expanding both sides in powers of k. 

The applications of Fredholm's equation to partial differential 
equations of elliptic type are very numerous. We must refer the reader 
to Andrae’s dissertation and papers by Picard ^ and Hilbert.'^ Equations 
of hyperbolic and parabolic type have also been discussed by Le Eoux, 
Andrae, Holmgren, Goursat, Picard, Hadamard, Laurieella, Levi, 
Mason, Myller, and many other writers. A short account of the appli- 
cations is given in Horn’s ^Partial Difforontial Equations.* 


23. Applications to Problems in the Theory of Elastioity, 


The problems connected wuth the equilibrium of an elastic body 
when either the displacements or tractions are given over the surface 
has been reduced in various ways to the solution of a system of equations 
of Fredholm’s type. 

E. and F. Oosserat'** effected this reduction in 1901, and solved the 
equations by a method of successive approximations. 

Fredholm ® applied his method of solving the integral equation of 
the second kind to show that the integrals of the differential equations 
which determine the equilibrium when the surface tractions ai’o known, 
are meromorphic functions of the elastic constant. The theory has 
been discussed very thoroughly by Laurieella,’' Marcolongo,” and Boggio f 
the last author makes use of Green’s functions. 


The subject of the Prix Vaillant for the year 1907-08, proposed by 
the Paris Academy was that of the equilibrium of an elastic plate with 
fixed edges. The analytical problem is that of determining a solution 
of the equation ^ 



under the conditions that u and its normal derivative along the boundary 
are zero. The prize was divided between Hadamard,*^ Laurieella,’^ 
Korn,’*-^ and Boggio. The same problem has also been discussed by 
Marcolongo,^ Zaremba,’® and A. llaar.’ ’ The mathematical investiga- 


^ jlfm. MatK April 10 LO. ® GiittUifim, 100.3. ^ Eend. Palermn, 100(5, 

* Gottingen Nachriekim, 100(5. * Comphs rendust 1. 133 (1901), 

^ Arkinfor mat he mat ik oohfgsik^ Bd. 2, n. 28. 

’ OimentOt 1907 (0), vol. xiii. 

® Mend. lAnaHt vol. xvi,, ser. 6 ; Toulou&e Ann., 1003. 

® Mend. JAncei, 1907, pp. 248, 441. Memoiros do VTmtitnt, 1CC8. 


. ", Meiyl^ Llmei, 1907 *, Aeta Matliemaiiea, 1908-00. 

de VEcole Normale Suinlrieure, scr. 3, vol, xxv, (1908), 
xxy. (1909), p. 337. 



ON THE THEORY- OP INTEGRAL EQUATIONS. 411 

tions connected with the problem are very long, and so we must refer to 
the original memoirs. 

A singirlar integral equation of the second kind of the type 

CO 

f(x) = 0{x) + 2 ^ 1 " cos <(4 — x)di 

— CO — oo 

was obtained and solved by 0. Tedone ^ in the problem of the elastie 
equilibrium of an indefinite circular cylinder. 

The solution is given by the formula 

CO oo 

— CO — CO 


24. Bilinear and Quadratic Forms in aji Infinite Ihimher of Va 7 ’iableSi 

The theory of quadratic forms in an infinite number of variables is 
propounded in a memoir by Hilbert, ^ and is applied to integral equations 
in a subsequent memoir. These memoirs contain many theorems of a 
fundamental nature which are of a very wide application. The theory is 
interesting, as it is full of striking analogies, the occurrence of point and 
band spectra being particularly notewoi4hy. Let 

CO 

Sa3„2 = (a!!c) < 1, 

n«=l 


then the expression 

CO CO 

r, 9=1 

is called a quadratic form in an infinite number of variables, and the 
expression 

OD CO 
j;=»l 


a bilinear form, 


When k’pq 


. 0 JJ4=!Z 
■ 1 p=q 


the ])ilinear form is written 


(a’f/)- 


The bilinear form is said to be limited when it remains below a fixed 
limit for all values of a? and y which satisfy the conditions (xx) < 1 (yjj) < 1. 
If hix,y) is limited, so also is and vice versd. If converges, 

K{x,y) is called a limited continuous (vollstetig) form. 


n n 

The expression ^ SAJ/s 

2=1 


is called the section of K{x,y), 

If K{x,y) is a limited form, K,fx,y) converges for fixed values of x,y to 
ic(, '»,?/) as n CO, provided [xx) < 1 f^jy) < 1. The convergence to the limit 
is uniform proviaed the series converge uniformly. 


^ Mend* Linc&h 1904, p* 232* * Gottingen KachrwJiteny 1906. 
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The fold {Falking) of two linear forms 

L(*i!) =! M(a.*) = 

“1 « 1 

is dofiaed by the equation 

L(-)M(-) ==a ^yui 

i 

A linear form lliXi is said to be limited when converges. ]?or liiidat* 
forms we have the inequality 

i I i 

When k(x,x) is a limited edntinuous quadratic form the solution of 
the equation _ 

^^(2/) = • • • • (i) 

is possible by a limited linear form L^,(//) for certain quite definite real 
values of These Values of which in the present case can only 
condense at infinity,' are called the chamctoisiio vahces {Eigemooie)^ and 
the GharacteriBtic forms. The latter can be chosen so that 

3(‘)L,(-) = 0 if gzjif, 

L.(-)L,(0 =1 

A set of linear forms which satisfy these equations are said to form 
an orthogonal system. 

We have the relations ^ 

u{x,x) = 2 . . (2) 

P Aj, 

(a:®) = 2 [£,(«)]' • • • • (3) 

The aggve^^ate of the characteristic values is called the apecimm 
of the quadratic forrri. For each value of y outside the spectrum there 
exists a uniquely defined resolvent 

K(\ ; x,x) = 2 , » . . (4) 

|> 8 . 1 "**• . * " 

which satisfies the equation 

K(X ; x,y) - * ) K{K; * ,y) ss= [xy) 

If K{x,y) is a limited but no longer a contimmis form, the equation 
(1) is generally satisfied by an aggregate of i*eal values of Which are 
arranged in continuous bands, and there may be isolated points in the 

' The value may eater either simply or multiply among the characteristic 

values. 

The resolution of. a quadratic form into a sum of squares has been further 
ieHleped by Toeplitz and von Koch {Math. Ann,, 1910, Bd. 69, p. 266). Tho 
latter gives.a method depending on the use of infimto determinants by which the 
b© a^ually efiEectod. 
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intervals between the bands. A certain limited form <t(X ; cc^x), called 
the spectral form is associated with each point of a band, and the 
equations (3), (4), and (2) are now replaced by 


.■M - S W-H’ + 

[d(T{p) x,x) 

23 = 1 Xp 

a 

1 

o= tL,.W]* 

^drT{^n ; x,x) 

K(\ ; x,x) = 2 . \ + 


^ J 


{xx) = 2 [Lj,(a!)]2 + 

)>=i 

j* d(T{^fx ; xx). 


The quantities can also possess points of condensation in the 
finite part of the axis of real quantities. 

The proofs of these general theorems are very difficult, some of the 
results have, however, been established in a simpler way by Hilbert’s 
followers.^ The literature on the subject is now quite extensive. 


25. Lmear Equations hi an Infinite 2lumher of Variables. 

The theory of linear equations with an infinite number of unknowns 
which was first considered by G. W. Hill,^ Poinoar4,^ and Helge von 
Koch ^ in connection with the theory of infinite determinants has been 
the subject of some recent investigations by Hilbert, and the results 
have been simplified and extended by Toeplitz, The equations con- 
sidered are of the form 

o3 

A = 0 ,. . . . (1) 

m=l . . . tooo) 

and attention is paid only to the solutions for which the series 
is convergent. 

Hilbert and Toeplitz discuss the case when the quantities are the 
coefficients of a limited bilinear form and the series 

converges for all values of n. Then the convergence of the series 

1 / 0 ,./* 

n = l 

is assumed as a McSssafy condition for the solubility of the equations, 

^ Eeference may be made td the Gottingen dissertations by Hellinger (1907) and 
Weyl (1908) *, and papers by Hellinger and Toeplitz {Gottingen Nachriohten, 1906), 
Hellinger (CrelU, Bd. 136, 1909;, Toeplitz {Rend, Plancherel {Math. Atin.^ 

Bd. 67, p. Ml), RiessS {GoU. Nachr,. 1910), Hilbert {QoU. Machr., 1910). 

^ Acta Math.y 1886, t. 8, pp. 1-36. The memoir was first published in 1877. 

» Bull, de la 3oe. Math de France, 1886, 1. 14, pp. 77-90. 

^ Acta 1891, 1. 16, pp, 53-63 j iUd., 1892-93, t. xvi., pp. 217-295. 

1910. E E 
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atid an atfeempfe is made to find a criterion for determining whether this 
condition is sufficient or not. 

The theory has been considerably e}C.tonded by E. Sehmidt. H 3 
shows that the necessary and sufficient conditions for the solubility of 
the equation consists in the convergence of a certain quadratic form. 


2 

1=1 




w = 1 , 3 ... CO 

.'I- = 1,2... CO 


He constructs a set of orthogonal forms in the following Way 

Let An{x) == d„j: 

^(x) = 

where denotes the conjugate complex quantity to 
Put = Aj(ir) 

C„(,T) = A„(i«)-SGX*)Mfe^ 

then those forms C,(«) are orthogonal, and if 

D,„(a;) = C,(ir) + 0,(.r)+ . . . + C„(a;) 

the quantities yr„ are defined by the equation 

A,(a:) = 

If M(.r) is an arbitrary linear form, the form 

P(a>) = M(ir) - ro,(,'r)M(.)a,.(') 

t}*.l 

is called the form (or function) ptyt^pendicular to the forms At.(.r) or 
Since the conditions of orthogonality are 


wo have 


o.(w)z? It; 

P(.)0,(.) = 0 


and this shows that I?{x) is orthogonal to all the C^’s. Schmidt gives 
several different methods of solving the set of linear equations, bub for 
these wo must refer to the oxiginal memoir. 

The importance of systems of linear equations \vith co' uniaiowns 
depends upon the fact that an integral equation of the form 

h 


or of the form 


/(x) = <p{x) — X^K{x,t)ji{t)dt 

a 

f ^ 

/(as) = \K{x,t)f{t)dt 
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may be reduced ^ to such a set of equations by using a system of 
orthogonal functions ^m(^) belonging to the interval (a,b). Putting 

y». = 

ft 

6 

</>» = ^<l>{x)\p,n{x)dx 

a 

bb 

l-'mn = ^^‘^i3:,t)4'm{!«)'!'nii)dxcU 
a a 

wc find that the above equation may be replaced by 

CO 

Jvi ” AS 

?i. ~ 1 
CO 

fm “ ^ ^'mni^n 

respectively, and so all the above results may be applied to them 
directly; the transition from the quantities to the function <i^{x) 
being finally effected by means of the expansion theoi’em, or one of the 
alternative methods suggested by Eiesz and Fischer. 

The theory of linear equation has been further developed by 
E. H. Moore, who comprises it in a form of general analysis. 

A report on the development and present state of the theory has 
been published recently by Helge v. Koch. GompU rendu diL Congrds 
des MatMmaticienB tenu a Stockholm (1909). 

The solution of systems of linear equations in 00,2 unknown quantities 
by means of infinite determinants, is of very great importance in the 
theory of linear differential equations of the type ^ 

ti^ 4" 202 cos 4^ Hh — ) = ^(0 

which occur in the lunar theory, and in many acoustical and mechanical 
problems. The problem'^ of the lunar theory have been dealt with in 
this way by Hill, Poincare, and others. 

The various mechanical acoustical and optical problems considered 
by Lord Bayleigh and A. Stephenson ^ possess the interesting feature 
that a certain state of equilibrium of a mechanical system is rendered 
unstable by the action of a periodic force which does not tend directly 

^ Hilbert, Goitmgen JVac?trio7iten, 1006, Keft 4. A similar method has been 
developed by A. C. Dixon (Proc, Lend, Math. Soc., ser. 2, vol. vii., 1909). 

- Pome Congress, 1908, vol, ii., pp. 98-114 ; ‘ Lectures at the New Haven Mathe- 
matical Colloquium,’ Yale Univ, Press, 1910, 

^ A good account of the theory is given in Forsyth’s Theory of Differential 
Equations, vol. iv., cb. 8. 

^ On the maintenance of vibrations by forces of double frequency and on the 
propagation of waves through a medium endowed. with a periodic structure {Phil. 
Mag., 1887, vol. xxiv., pp. 146-59 ; Scientific Papers, vol. iii.). 

® Quarterly Journal, 190G ; Phil. Mag., 1907, vol. xiv., p. 115; ihld., 1908; 
Mamhe^er Memoirs, 1908, vol. Ui. 

E E 2 
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to displace the system from this position ot equilibrium : owing to the 
instability a small chance deviation from the state of equilibrium grows 
into a large disturbance. Probably the best-known example of this 
kind of action is that form of Molde’s experiment in which a fine string 
is maintained in transverse vibration by connecting one of its extremities 
with the vibrating prong of a massive tuning-fork, the direction of 
motion ot the point of attachment being parallel to the length of the 
string. The effect of the motion is to render the tension of tlie string 
periodically variable, and the string may settle down into a state of 
permanent and vigorous vibration whose period is dotthle that of the 
point of attachment.^ 

vStepheiison has developed the theory so as to obtain a mechanical 
analogy of phosphorescence. This and other optical analogies indicated 
by Rayleigh suggest strongly that the mathematical theory of the 
emission of light depends either upon systems of equations with an 
infinite number of unknown quantities or on integral oquatims of an 
analogous typo. Hilbert’s theory of quadratic forms in an infinite 
number of variables points to the same conclusion. 

The chief difficulty from the physical point of view is the correct 
formulation of the equations. When this has been cflected the niatbo* 
malical theories may bo of very groat service. 


2G. Sincjxdar Integral Eqtiations, 

Wlien the limits of integration arc infinite, or the kernel possesses 
singularities of a certain kind, the results of the ordinary theory of 
linear integral equations no longer hold, and in particular the homo- 
geneous integral equation of tho second kind may possess an infinite 
number of linearly independent solutions corresponding to a given 
characteristic number A. For instance, in tho case of Fourier’s integral 

CO 

/(x) = j cos xtf{t)dt 

o 

if tlie inversion formula holds for tho function /(.r) wo have also 

OO 

2f 

i>{x) = ^\co3 xtf(i)di. 

Consequently tho function 

xP(x) =f{x) + A / y{x) 

satisfies tho homogeneous integral equation 

OO 

4(x) = ^/^jeos 
0 

aid 80 it follows that for the characteristic number \/- this homo- 

V, ^ ' TT 

* Of. Tyndairs Sounds 3rd ed,, cb. iii. 
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geneous integral equation possesses an infinite number of 
independent solutions. 

An example of another nature is provided by the integral 


" sin (1 — a)(i' — u) chi, _ w 
sin (S - %C) (sin uY fsmT)" 


(o < a < 1) 


linearly 


■obtained by Hardy.' In this case the kernel is infinite, for {I ^o,u = tt), 
(5 =r= IT, -Z4 = o) and the normal function (cosec is infinite for = o,7r). 

Integral equations with the kernel (s + 0'^ special interest, 

and have been studied by Stieltjes,*-^ Hilbert, and Weyl. This kernel is, 
of course, derived from by forming the iterated fimcticn 


e'^-^'dx. 


Stieltjes shows that the equation 

CO 

0 

may be solved by means of the formula 

0(i)= i Lt [/( - s — ii) — /( — s + w)] 

ITT 


Hilbert ® shows that by using the orthogonal system sin p^t we may 

pass from the kernel to a quadratic form of the type 
5 d" 6 


2 2 ■ + K*{a!) 

where K^(x) is a limited contiruimis form. Hilbert*' shows that the 
form S is limited, and another proof of this result has been given 

by F. Wiener.*'^ 

Weyl has considered the kernel in connection with the 

orthogonal functions of Laguerre* The kernel is also of importance in 
the theory of dififerential equations of the hypergeometric type.^ 

The integral equation associated with a linear differential equation 
becomes singular when the interval which defines the limits of the 
integral contains a singularity of the differential equation, The 
simplest case arises when the differential equation is 


‘ Quarterly Journal, ,1901, vol. sxzii, p. 384. The paper contains another 
example of a similar nature. 

* AnnaUs de Toulmm, 1894, t. 8 ; 1895, t. 9. See also Borel’s LaqonB &ut les series 
divergentes. 

* Lectures, 1906, Summer Semester. 

Matlieuiatische Qesellsoliaft, 1907 ; cf. dissertation, p. 83. 

* Math. Arm., 1910, Bd. 68, p. 361. 

^ Cf. H, A. Webb, Phil. Trans. A., vol. cciv., pp. 481-497, 
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ilh} 

dx^ 


+ Ay = 0 


and the interval extends to infinity. The characteristic values of X are 
tlien everywhere dense alonj:^ the positive halC o£ the X axis, and so 
form a continuous spectrum or a hand spectrum. Iburior’s integral 
formula now takes the place of the expansion theorem. The representa- 
tion of arbitrary functions by moans of the normal functions of 
differential equation with a singular point at the end of the interval is 
very complex. In addition to a continuous spectrum a point spectrum 
can also occur : we thus have a mixed representation, partly by a series 
foi'med according to Fourier’s rule and partly by an integral analogous 
to Fourier’s double integral. It can also happen that an integral 
x'epresentation is obtained in which the integral is taken over several 
separate intervals or bands, and the isolated points of the spectrum are 
in the different intervals between the bands. 

"Wirtinger ^ first came across such a distribution of singular values 
in the case of a vibrating string of infinite length; he called the 
distribution a band spcctnmu The discovery of the existence of a band 
spectrum in the year 1897 is quite noteworthy. 

The general theory of band spectra has been given by Hilbert - in 
his theory of quadratic forms in an infinite number of variables. This 
theory seems to cover all the cases that have so far been treated, and it 
must be considered a very noteworthy achievement on Hilbert’s part to 
have established theorems of such very wide application. 

The differential equations to which the theory has been applied are 
of the form 

L(«) + Xm = - 2(s)« + X?< = 0 


where Z(s), $(s) behave regularly as analytic functions in the neighbour*' 
hood of the strip of the real axis, and l{s) is everywhere positive 
for also l{o) =» 1. At the end point s = 1 an arbitrary homo- 

geneous boundary condition is ascribed. 

The theory is due chiefly to Hilb® and Weyl,** who obtain a repre- 
sentation of the form 


CO 

/(.) = s 

o 

CO GO 


+ 


i -f t/io) 


tho integrals being absolutely and uniformly convergent if 


* J- 4. 


d$ 


converge. The functions xpi{s) i|-(s,X) are solutions of the differential 
equation for appropriate values of X. Hilb’s results have also been 
^ MatJu 1897, Bd. 48, p. 387, 

® Gottirigm ^TaGhT^litm^ 1906, pp, 157-227, pp. 439-80. 

^ Mailh. 1908, Bd. 66, p. 1. ^ lUd.^ 1010, Bd. 68, p. 220. 
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extended by Plancherel.' Hilb also considers the more general equation 

L(«) = f u = 0 

ds\ dsj s 

where g{s)t h{s) are analytic functions of s which have the character of 
integral functions is an interval (o, 1) which includes both limits. 
Finally g{s), h{s) are real for real values of s, and ^(s')>l l 2 ls)>a> o 
0 s<l, A(o) = 1. 

The integral representation is discussed with the aid of a Green’s 
function belonging to the differential equation. 

The general theory of differential equations when the independent 
variable has an infinite range of values is discussed by Wcyl. He 
shows that all the integrals of the equation 

tend to finite limits as 5~>oo if the integral 

ff 

0<t<S<^ 


is convergent. This condition is necessary and sufficient except when 
2(5) = 0 . 

Singular integral equations connected wdth differential equations of 
higher orders have been considered by the author.^ There is an inver- 
sion formula of the type 

00 

f{x) = \3,{xt)YXxt)tf{t)dt 

J (>' > - i) 

00 

!/-(«) = — I Jl{xt) I xf{x)dx 


for instance, associated with the differential equation of the third order 
satisfied by xZlixt) — viz., 





Singular integral equations connected with the formula^ 


— 00 

have been discussed by Hardy following a remark made by the author. 
The formula 


1 Math. Ann,, 1909, Bd. 67, Heft 4. 

2 Ptoc. Land. Math: Soc., 1906-07, scr. 2, vob.iv., p. 483. 

» This formula has been investigated by Hardy {^Froc. Zond. Math, S'oe,, ser. 2, 
vol. vii., p. 445). Some remarlsable definite integrals are obtained in the course of 
the work. 
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CO 


is quite noteworthy, Sufficient oonditions for its validity arc given by 
Hardy. 


27. Misoellaneotcs Physical Applications, 

In a short abstract of a memoir which does not appear to have been 
printed Eouch6 ^ indicates a number of problems in electro-magnetism, 
mechanics, and viscosity which can l>e solved by means of integral 
equations ; but none of these problems appear to have been dealt with 
by subsequent writers. 

In 1906 Fredholm gave a theory of the lines in the spectrum which 
promises to have interesting physical applications. 

Starting out with the idea of finding systems analogous to those 
considered by Rayleigh and Eitz where the fundamental vibrations 
obey laws of the same general type as the vibrations which give rise to 
the spectra of hydrogen and other elements, Fredholm considers a 
finite region of space over which matter is spread continuously, and 
denotes by w{t,x,y,£) the displacement of a particle from its position of 
equilibrium at time supposing for simplicity that each particle only 
possesses one degree of freedom. He supposes that the force F exerted 
by one particle on another is given by an expression of the form 

F = <!>(?, >7if ; ^ tv{x,y,z)] . . (1) 


where is a symmetric function of ; {x,y,z), so that action and 

reaction may be equal and opposite, He is thus led to an equation of 
motion of tfio form 

P 0*1’ “ ~ [w(a:,2/,a)] 

and the existenco of a fundamental vibration of the typo 


to = e^^hi{x,y^z) 

depends upon the possibility of satisfying the homogeneous integral 
equation 

^lix,y,z) ; x,y^z)dUndi:->y^ 

== ; x,y,z)u{£,7t,i:)d'^drid'C . 

In order to simplify the analysis Fredholm assumes that 

r is constant. The integral equation then becomes 
. , i , ■ I fljMjpies I860, Paris, t. 51. 


( 2 ) 

( 3 ) 
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(^ ” cs,y,z)u%r],i)cVidnd^ 

ric function : 
by the transi 

^C-^) 


(ind since <I> is a symmetric function it can be satisfied for the real 
values of \ which are given by the transcendental equation 


The values of X have a point of condensation at \/ar/p. The special 
assumption (3) is probably not necessary, as the values of X for which 
(2) can be satisfied will also obey a law of the type required. The 
properties of the more general equation (2), however, have not been 
thoroughly investigated. 

Fredholm’s theory of the spectrum has been developed by Schaefer,^ 
who obtains a dispersion formula by introducing a forced vibration with 
an oj-oomponent of the type 

=; U(f,)7,0 cos nL 


This leads to a non-homogenoous integral equation of the type 


:pX!{x,y,s) = «(ai, 2 /, 2 ) — ; x,y,s) 





and Schmidt’s expansion theorem gives 


u{x,y,z) =p . V{x,y,z) + yp 


I /'.-F 


■ J « 


whore 



T^2 

(tT;^ -l'47rV 


T^ being a fundamental period of vibration and /> the density. By 
introducing an assumption of the form 

= cos 

for the £C-componont of the dielectric displacement, and supposing that 
does not vary appreciably over the region of integration, 
Schaefer is finally led by means of Maxwell’s equations to a dispersion 
formula of the typo 

CO 

v2 = s + S»: : 


where v is the refractive index, T^ a natural period of vibration, and T 
the period of the external force. 

Another application of an integral equation to the theory of the 


1 jbvh. d, Phys^k, 1909, Bd. 28, p. 421 ; 1909, Bd, 29, p. 715. Schaefer simplifies 
the work by considering an analogous problem in one dimension. His analysis is 
applied here to the three-dimensional problem, 
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spoctrnm whoro nso is made of a model atom in which electricity is 
distributed over concentric spherical shells has been made by Joansd 
Tlio applications of integral equations to the theory of the spectrum 
are at present in their infancy ; but there seems to bo a very promising 
field of research in this direction. It is possible for an integral 
e(|uai!ion (or a sot of linear equations with iinlvnown quantities) to 
give an account of hand spectra and continuous spectra, if matter is 
discontinuous it ivS ptnbablo that Hilbert's theory of quadratic forms 
and linear equations in an inlinito number of variables should bo of 
primary importance. In this connection it may be mentioned that- the 
general expansion theorems for singular integral equations obtained by 
Hilb and Weyl seem to suggest a general dispersion formula of the 



which would be applicable when band spectra or continuous spectra 
exist. In such a formula the function ]?(A) may be ssoro for a number 
of intervals. 

The fact that a largo number of types of integral equations or linear 
equations in an infinite number of unknown quantities may bo replaced 
by a homogeueons integral equation of the form 

b 

=0 

may bo of some interest in connection with the existence of different 
series of linos in the spectrum of an element, for it is known*’ that in 
many cases the values of X for wliich an equation of this typo can be 
satisfied are the roots of a set of functions /q(A), pa(A), iUr^(A), and it is 
possible that each of those fiinctions may be associated with a series 
of lines in the spectrum. 

The study of integral equations of this typo promises results of 
some interest. It may be worth while to invostigato the changes which 
occur in the values of the roots when a parameter d, on which the 
functions depend, sulTei\s a small change 20. The results 

would proiiably have some application to the theory of the effect of an 
increase of pressure or temperature on the lines in tho spectrum. 

With regard to the other physical applications of Fredholm’s 
equation, it may bo mentioned that roincar6'’ has treated some 
problems in the diffraction of Hertisian waves, and W. H. Jackson has 
shown that a problem in the theory of radiation considered by Schuster 
may be reduced to the solution of Fredholm’s equation. Applications 
of SVedholm’s equation to tho theory of the tides have been made by 


* ‘ The Kechanism of Pacliatlon’ M'aff., ser. 6, vol, ii., p. 4S1). 

Mm* Mcbth.^ April 1910. 

' , , V 19^^^ Ije:iu<re$ at Qbttingeii) 1909; Teubner, 

1910> 

^ 191 ^ 
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Bryon Heywood ^ and Poincar^/^ while the applications to problems in 
the conduction of heat are very numerous. 

Lord Payleigh ^ has obtained an integral ecpiation of the first kind 
when studying a dynamical problem in illustration of the kinetic 
theory of gases. He considers a number of equal masses which are 
not free to wander indefinitely, but are moored to fixed points by similar 
elastic attachments so that they perform vibrations of a certain type. 
Let r bo some quantity by which the amplitude of the viln'ation is 
measured, and suppose that the number of masses whoso component 
velocity in the direction of. the axis of x lies between u and dib is 
re]3resented by 

(ji{r,u)ch(f 

where (j) is a known function, which depends upon the law of vibration. 
Then if x{T)dr denotes the number of vibrations for which r lies between 
r + the law of distribution of is given by 

/(“) = IxC'') <K'>’^u)dr. • 

If this law of distribution remains permanent when there are collisions 
between the different masses, we must have 

V TT 

and the problem is to determine the law of distribution of the ampli- 
tude — i,e,i to determine x (^) — sq that f{u) may have this value. 

Lord Eayleigli considers in particular the case when = r cos d and 
all angles 0 are equally likely. The integral equation is then 


CO 



it 


and is of Abel’s type. The solution for 
is given by 

;^(r) = 4N/ir 

28, Non-linear Integral Equations. 

The method of successive approximations has been applied to the 
study of nondinear integral equations by Block/ Orlando/^ d’Adhdmar® 
Schmidt/ and others. The method indicates that the solution of an 
equation of the type 

^ Thesis^ 1908, Paris ; Liouville’s Journal, 1908 

® .Leotmes at Gottingen, 1909 ; Teubner, Leipzig, 1910. 

® Phil, Mag,, 1891, vol. xxxii., pp, 424-46. 

^ Arliw for Math, u. PlvgB,, 1907, Stockholm, Bd. 3, Hilfte 3-4. 

* Pend, Lineei, 1907, vol. xvi„ 2ud ser. 

® P%ilL de la SoGietc Math, de France^ 1908, t. xxxvi, 

^ Math, Ann,, 1908, Bd. G5. 
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/(*) + \J«E'{/(2/)}^Z2/ = G(x^^ . . . (1) 

0 


k uiiiqiio for values of X whoso moduli are sufllciontly small, but the 
equation appears to possess a ' baud spectrum * for values of X whoso 
moduli are greater than a certain number. 

Equations of the typo 


b 

f{x) = ^{x) +X ^K{x,y)il>{y)dy + ti\^\^g{x,y,is):l>{i))i,{s)dyds + . (2) 


are of considerable interest, partly on account of their connection with 
Volterra’s expansion theorem for functions which depend on other 
functions and partly for their connection with non-linear differential 
equations. There appears to be an intimate connection between equa- 
tions of the forms (1) and (2) because a non-linear dilferential equation 
may be reduced to cither form by employing different artifices. Eor 
instance the equation 

is reduced to the form 

1 

y{x) = + 9{t)¥i 

by using a Greenes function of the differential equation = 0. It is 
also reduced to the form 


A X 

<t>{x) = x||G(a;,s)G(aj,i)^i(s)i-/i(i)dsc?i + g{x) 

0 Q 

by the assumption 

y{x) =|G(a5,<)f>(«)<li. 


Examples of this typo may of course bo multiplied indefinitely. For 
the purpose of studying equations of type (1) it is convenient to consider 
some well-known equation such as the pendulum equation 


cPy 

dx^ 


•f sin 2 / — 0 


reducing it to an integral equation of type (1) by the first method. 

For a discussion of the properties of equations of type (2) we must 
refer to Schmidt's memoir. 
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I. Introduction. 

This report is the oatcomo ol a systematic study of the literature 
bearing on the question of the solubility of substances in general; the 
material is classified chronologically and according to subject; and con- 
tains a brief statement of the main conclusions arrived at by the various 
authors. 

From almost the earliest times to the present the solubility of 
substances has formed the subject of scientific inquiry; a vast amount 
of work has been recorded and many conflicting opinions have been 
from time to time advanced. The published data were collected by 
Storer (1864) to form the first Dictionary of Solubility; the later 
admirable compilations of Comey (1894) and Seidel (1906) have brought 
this part of the subject well up to date. 

The importance of the study of solubility is to be emphasised; 
indeed, there can be little doubt that the time is not far distant when 
determinations of solubility will he more generally i-ecognised as indica- 
tive of the reactivity or condition of saturation of substances. In 
view of this conclusion it was deemed desirable to classify all the 
published work of general and theoretical interest, not only to show 
the present position but to indicate more clearly the direction future 
work on this subject should take. 

Classification of work that has been carried out with so many dif- 
ferent) substances and under very divers conditions presented considerable 
difficulty, more especially as the space to be occupied by this report 
was small. The scheme of classification adopted is the result of an 
attempt to avoid repetition and cross references as far as possible, and 
to make the report quite brief. 

In compiling this report the original papers have for fhe most part 
been consulted, but with so extensive a literature it was not always 
possible to do this. All references are made to the original papers. 
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For conyenienco of piiblicaiion it was decmeil desirablo that this 
report be divided into two parts, the first part to record work published 
up to and including 1896, the second part up to and including 1910. 

II. Mictuods of Detebmination. 

The rapid advance made in. the construction oE scientific apparatus 
within recent years has necessarily detracted much from the value of the 
early work on solubility by enabling a far greater degree of accuracy 
to be obtained at the present time. 

. It is, however, to be lamented that notwithstanding most skilful 
manipulation and the use of improved apparatus, some of the more 
recent published work loses in value from tlie fact that no detailed 
description is given of the method employed to obtain the results 
published. 

The purpose of this section is not so much to give a complete record 
of the various methods employed for determining the solubility of 
any particular substance, but rather to indicate those of. greater interest, 
and more especially to emphasise the importance of describing tlie 
method used so that the value of the results of work on this subject 
may be properly judged, 

A . — Solubility of Solids, 

Til© records of work to elucidate the phenomenon of solubility 
carried out prior to the middle of the nineteenth century are possessed 
only of historical interest. 

Poggiale'^^ made particular mention of the difficulty in 
idl'd. perfectly saturated solutions. 

He made use of the following two methods given by Gay-Lussac : — 

(1) Gradually heating water with excess of salt. 

(2) Cooling a hob saturated solution. 

Tie stated that both these methods are valid provided always pre- 
cautions arc taken to shako the mixture repeatedly at constant tempeiva- 
turo for about three hours. The solubilities were estimated by evapo- 
raiing and weighing the residue. 

In reviewing his previous work* KremoTs^^ found that his 
Jcbo. values, obtained by allowing a hot saturated solution to 

cool to the room temperature and immediately taking a sample, did not 
agree well with those obtained cither by Gay-Lussac or by Poggiale; 
he attributed this to his solutions being supersaturated. 

He made % fresh series of determinations, allowing the hot 
saturated solutions to cool to 0^ 0. and then immersing them in ice 
for prolonged periods with frequent shaking, and found that after one 
hour the composition of the solution did not alter, even after standing 
for ten hours. 

Prom this he concluded that supersaturation may be avoided by 
shaHxig for one hour at constant temperature. He repeated his previous 
w^rlfc/inaking use of this method. 

♦ Pogg., 94 , 255 <3^ 
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1872 Keiglitley^'^ found higher values for the solubility 

of sodium and potassium chlorides, nitrates, and sulphates when 
obtained by the method of cooling than when water was saturated with 
the salt at the required temperature. 

In the same year Oudemans lamented the discordance of many 
results recoi’ded for the solubility of substances, and pointed out where 
many errors arose, particularly the dilhculty in obtaining a perfectly 
saturated solution. 

1875 avoid supersaturation Limprickt found it necessary to 

allow the solution to stand in a cellar for several weeks at 
constant temperature. 

Victor Meyer showed that the same end could be rapidly attained 
by placing a large test-tube containing a hot saturated solution in a 
bath and stirring until the solution and the bath were at the same 
temperature, allowing to stand for twp hours and again stimng before 
filtering off a sample through a dry filter, the temperature being recorded. 

The estimations were earned out by evaporating 10-30 c.cms. of 
solution. 

He also described an apparatus for enabling a solvent to be 
saturated and the solution filtered into a receiving vessel, the whole 
operation being carried out in the vapour of some constantly boiling 
liquid. 

An exact method of determining solubility was next published by 
Lajoux.^^ The solvent was heated with the substance to the required 
temperature, and a portion of the solution taken by means of a 
jacketed syphon fitted with a filtering plug of cottonwool. 

1879 Koehler modified V. Meyer's apparatus, so that the whole 
operation, including filtration into an empty vessel, could be 
carried out beneath the surface of the liquid forming the bath. 

Hannay and Hogarth used a modified form of Andrews’ 
apparatus for their work on the solubility of solids in gases. 
-iqoQ K>e Coppet used a completely enclosed copper bath with 
188(5. windows on two sides, containing IS litres of glycerine. The 

temperature was kept within ± O^’l C. by using the expansion of the 
entire mass of liquid in the bath as a thermoregulator. For tempera- 
tures below 0° saturated solutions of salts took the place of the glycerine. 
Nine boiling-tubes wei’e hermetically fixed in the top of the bath, three 
of which were used to read its temperature. The remaining boiling- 
tubes were closed with corks tlirougli each of which passed (1) a 
thermometer, (2) a stirrer, (3) a short tube and rubber compression 
pear, (4) a syphon through which, by compressing the pear, a sample 
of clear solution was ejected without loss by evaporation. 

The solutions were stirred for at least two hours before allowing to 
settle. 

Nicol described a bath and thermoregulator by means of which he 
reduced the temperature variation to 0®‘06 at 20° 0. 

For each detennination two boiling-tubes were used, con- 
taining salt and water and supersaturated solution respectively. 
After being stirred for twenty-four hours by a current of moist air, the 
♦ Yiclo Trans. Boyal $oc., 1869, 159, 583. 
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tubes were closed by corks fitted with a short tubo and a long Syphoti 
tube the end of which was covered with a piece of cambric to serve as 
a filter. After two hours, samples were ejected by blowing through 
the short tubes. 

Tilden and Shenstono determined the solubility of salts at higli 
temperatures by enclosing salt and solvent in specially constructed 
metal tubes, which were heated to the, requisite temperature for four 
to' five hours whilst resting in a slightly inclined position. The end 
containing the solid was then gradually raised, causing the liquid to 
drain from the solid and collect at the other end of the tube. 

In carrying out work at low temperatures Etard employed methyl 
chloride for the bath* He always determined the solubility at the 
highest temperature the therniomfeter indicated, recognising that any 
lowering o£ the temperature would cause siipersaturation. 

1885 Guthrie determined the solubility of salts in fused sodium 
nitrate by adding small quantities of the salt, the whole being 

well stirred until no more dissolved. The mass was then allowed to 
cool slowly to allow excess of added salt to separate out; then the 
liquid was poured on to a cold slab and analysed. 

1886 temperatures about 100° Alexejeff sealed crystals in a 
tube with water and heated until almost all the crystals were 

dissolved. The tube was then cooled until the remaining crystals 
began to grow in size, the temperature at which this occurred being 
taken as the saturation temperature. 

For temperatures between 250°-450° fAard used a bath of 
Idoy. ^ fased mixture of sodium and potassium niti’ates. Salt and 
water were sealed up in thick-walled glass tubes (7 mm. by 15 cm.), 
and the temperature was observed at which the last traces of salt 
disappeared. 

1890 means of an electrically arranged gas- cut-off Meyer^ 

■ hoffer maintained the temperature of his thermostat to 0°*1 ; 
in this work the thermostat liquid was not stirred, but the solvent and 
solute were stirred together in a vessel supported in tlie middle of tim 
))ath. The saturated solution was taken up by means of a warmed 
Lanclolt pipetie, and was analysed by titration. 

Riecher and van Deventer used Victor Meyer’s method (vide this 
section, 1875), modified so that the entire operation, including taking the 
sarnplemf saturated solution, was carried out under the surface of .the 
thermostat liquid. 

The saturated solutions employed by Noyes were obtained by 
shaking the solvent with excess of solid for several days in a thermostat. 

Kohlrausch a?td llose^^^ calculated the solubility of very 
sparingly soluble salts from measurements of the electrical con- 
duciivity of the saturated solutions. 

When determining solubility at high temperatures Stard 
1894. ^ iq angle of 120° and constricted at the 

.middle. Salt and water were placed in one arm and the tube sealed, 
^t|r heating at a fixed temperature the saturated solution was allowed 
id into the other arm of the tube, and when cooled was analysed. 

. calculated the concentration of one ion in saturatedt 
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Solution^ of so-dalled insoluble salts from measurements of E.M.F. ; 
and, assuming the salts to be completely ionised, he calculated their 
solubility. 

II. B* — Solubility of Liquids. 

Btaper determined the solubility of ether in solutions of hydrogen 
chloride by adding a given quantity of ether to a known volume 
of solvent in a graduated, stoppered tube. After shaking briskly 
at intervals for an hour at the required temperature in a bath, the two 
layers were allowed to separate and the volume of ether remaining un- 
dissolved was i-ead off. 

1878 method was also employed by Scliunclce but the 

precaution was taken not to allow the excess of solute to be 
more than 0'3 cc. 

Konowalow placed the two liquids in a tube and shook 
IBol. together in a bath at constant temperature ; the resulting layers 
were analysed. Volatile liquids were sealed up in bulbs with tubes so 
that after saturation, the points of the tubes being broken, the two 
layers were collected separately as they flowed out. 

Alexejeff^^ weighed quantities of tlie tw^o liquids into a tube 
which was then sealed up and heated until a homogeneous mix- 
ture was obtained. The tube and contents were then slowly cooled and 
the temperature indicated when turbidity first occurred was regarded as 
the temperature at which the liquids were mutually soluble. 

1 RAi Guthrie sealed up w^eighed quantities of tri-ethylamine 
-.884. water in a graduated tube and estimated their mutual 
solubility by measuring the volumes of the two layers at different 
temperatures; also the temperature at which a homogeneous mixture 
resulted. 

loan method employed by vide this Section C, 

1890. 

1895 Bancroft investigated the miscibility of ternary mixtures 
by placing a certain quantity of one liquid in a test-tube and 
adding small quantities of the other two liquids from burettes until the 
mixture was homogeneous at a definite temperature. 

II. C.^Solubility of Gases. 

Bunsen^ s specially constructed absorptometer admitted of ‘ a 

measure being made of the volume of gas dissolved by shaking 
Xbot). known volumes of gas and solvent over mercury in a 

eudiometer tube surrounded by water; the temperature of the water was 
read at the end of the experiment. The absorption coefficient of 
Oxygen was found by passing a stream of air, free from ammonia and 
carbon dioxide, through water, analysing the gas expelled from the 
saturated solution, and from these data and the absorption coefficient 
of nitrogen, that of oxygen w^as calculated. 

Carius passed the dry gas through the solvent contained in a flask, 
through the cork of wEch passed a thermometer and two tubes dipping 
ipto the liquid, also a short tube to allow unabsorbed gas to escape. 
1910. 3^^ 
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The two long tubes were respectively used to admit gas and to syphon 
off samples ol saturated solution. 

In the case of the more soluble gases the specific gravity of the 
solution was determined and the expansion due to the absorbed gas 
allowed for. The gases wore estimated by chemical methods. 

FernoL measured the volume of the gas to be dissolved over 
mercury in a eudiometer tube which was surrounded by water; the 
absorption was carried out in a separate vessel, also kept in a water- 
bath, and which could be connected with the eudiometer. 

•tore When determining the solubility of ammonia Cams passed 
the gas through water contained in a tube constricted and blown 
into a small bulb. At saturation, the bulb was closed by a rod ground 
to fit the constrictioi. Tlie liquid above the constriction was then run 
out and the bulb dried and weighed. The volume of the bulb being 
known, the weight and specific gravity ol the solution were simul- 
taneously determined. 

Roscoe saturated water with a mixture of hydrogen and chlorine and 
compared the amount of chlorine dissolved with that wliich would have 
been dissolved if the gas absorbed was proportional to its partial pressure. 

1 Qp;q Roscoo arid DitUnar used an absorption bulb having the inlet 

looy. twice bent and joined to the bottom of the bulb, the outlet 

tube being joined to the top of the bulb ; both tubes were constricted to 
facilitate sealing off. The bulb was half filled with water and immersed 
in a water-bath, and gas passed through, either under ordinary or under 
increased pressure. When saturation was reached the stream of gas 
was continued for thirty minutes, then the apparatus was closed by a 
rubber tubing and pinch-cocks, immersed in a freezing mixture, and 
sealed at the constrictions. After weighing, the contents of the bulb 
>vere analysed. 

For determinations under reduced pressure a small flask with con- 
stricted neck was partially filled with a solution saturated at a lower 
temperature, and joined to a manometer tube dipping under mercury. 
By heating the bulb gas was expelled and displaced the air in the 
manometer. When sufficient gas had been driven off the flask was 
cooled and placed in water at the required temperature; the mejrcury 
rising in the manometer. When equilibrium was attained the pressure 
was observed and the flask sealed at the constriction. 

These authors tried Oainus* method {vide this Section 1856), but 
found that it gave low results owing to the solution being open to tlic air, 
BO that tlie partial pressure of the gas was less than the aimosplierio 
pressure. 

1864 Rohinet determined the amount of gas in a liquid by boiling 
^ * the liquid in a eudiometer tube over mercury and measuring the 

volume of the gas expelled. 

- 0^7 Khanikof and Lotiguinine used Bunsen's method, so modi- 
Xoo/. absorption tube could be rotated in a bath of water. 

When detennining the solubility of ammonia in water 
58 passed the gas throtigh a known quantity of water oon- 
a flask; the out-flowing gas was passed through a U-ttxbe> 
potaaK to retain water, and the absorption flask was 
I well-stirred W|iter-bath maifltamed at a constant temperature, 
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The apparatus was weighed before and after saturation, and the differ- 
ence gave the amount of ammonia absorbed* 

Q « Setschenoff used a similar method to that of Fernet, but 
connected the measuring and absorption vessels by a flexible 
capillary of silver, so that the absorption bulb could be shaken witliout 
disconnecting it. 

Maclmizie made use of an absorption tube divided into two 
parts by a stop-cock and immersed in water. The lower part was 
filled with solvent and the upper part with gas at the requisite pressure, 
which was measured by a separate manometer. The stop -cock was 
opened and the gas and solvent shaken together. The absorption tube 
was again joined to the manometer and mercury allowed to flow into 
the absorption tube until the original pressure was attained. These 
operations were repeated untfl no more mercury entered the absorption 
tube. Tho volume of mercury in the absorption tube, obtained by 
weighing the dry mercury, gave the volume of gas dissolved. 

To expel the gas from a saturated solution and at the same time to 
measure its volume Hilfner devised a special form of Sprengel pump. 

Wrohkwslii described a form of ahsorptometer lie used to 
Jbo2. absorption coefficients up to GO atmospheres, the pres- 

siu'e being determined by means of an air-manometer. 

Eoozeboorn passed hydrogen chloride gas into water at. a 
temperature about 2^ 0. lower than the final temperature the 
temperature was allowed to rise gradually and then maintained within 
0^.1 0. for fifteen minutes. 

Lubarsch used a modified form of Lunge's nitrometer to 
collect and measure the volume of gas expelled from saturated 
solutions by evacuation, 

Pettersson described an apparatus for boiling out and measuring 
the volume of a gas in solution. In the nands of PcttBTSSOii ciud 
Sonden this apparatus gave very concordant results. 

In passing gases through liquids, WinUer^^^^ measured the height 
of the level of solvent above the end of the inlet tube, and added half 
the pressure due to this height to the barometric pressure to obtain 
the partial pressure of the gas. 

Timofejeiv gave a detailed description of the use of an appa- 
1890. similar to that employed by Fernet {vide this Section 1857). 

Doyer measured the quantity of dissolved substance carried out 
of solution by a known volume of air passed thi'ough the solution, and 
from this calculated the partial pressure corresponding to a given 
strength of solution. The absorption coefficients were found by this 
means for gases and also for substances which are liquid at ordinary 
tempcratui*es . 

A differential absorption apparatus was described by Bohr avd 
in Which the measurement of the partial pressure of 
the gas was directly determined, independent of the vapour pressure of 
the solvent. By this means absorption coefficients w^ere obtained with 

increased accuracy up to 60® 0. 

Pryty and Holst passed carbon dioxide gas through, or 
3-895. solid carbon dioxide to water contained in a flask. The 

F F 2 
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tiinount of gas in solution was found by weighing the wbolc and making 
u correctiion lor the gas imabsorbed. 

III. A. — T?Uyskal Nature of Solvent, 

By far the major portion of the work publislied on the subject of 
solubiliLy luis }*eforonco to eases where water was the solvent used. 
More recently, however, it has been recognised that a true explanation 
of the phenomena of solubility will be more readily arrived at from 
a study of the behaviour of substances towards solvents in general 
rather than towards water or any other solvent in particular. 

There can be little doubt that solubility phenomena involve the 
reciprocal interaction of solvent and solute, be such action physical, 
chemical, or physico-chemical in nature. For this reason an attempt 
has been made to classify under this section, A, work relating to the 
influence of the physical nature of the solvent, and B, the influence of 
the chemical nature of the solvent on the solubility of substances. 

Dalton^ announced that the total pressure of a mixture of 
gases occupying a given space is the sum of the partial pressures 
exerted by the constituents of the mixture. This means the solubility 
1876. ^ another gas becomes simply a question of admixture. 

• 1 Q 70 deviations from this woro, however, observed by Andrews 

^ * and also by RegnauU,'^^ 

The phenomenon of a solid dissolving in a gas was examined by 
Jiannay and Tlbgarih'^^ ; they employed the sulphur halides as solutes 
and the solvents used were alcohol, ether, carbon bisulphide, &c., kept 
well above their critical temperatures. 

They carried this work further,®® making use of potassiurn 
1880. iodide and cobaltous chloride dissolved in alcohol vapour at 
300-320^ 0. ^ Pi'om their results it appeared that the absorption 
spectrum of a substance dissolved in a gas was practically identical with 
the absorption spectrum of that substance when dissolved in the liquefied 
gas. 

Although Ramsay threw doubt upon this work, suggesting that 
these authors had merely observed the phenomenon of solubility of 
a solid in aliot liquid, the observations were substantiated by LoMier^^ 

The behaviour of partially misciblo liquids was most tlioroughly 
iQQi investigated by. Konowalow the work embracing the influence 
Jhol, pressure and ieniporaturc on the mutual solubility of water and 
respectively formic acid, propylic alcohol, methylic alcohol, and ethylic 
alcohol. Similar work on the solubility of one liquid in another 
(mutual solubility) was carried out by Alexejeff,'^^^ who found the 
18ob. varied with the cohesion : the greater the cohesion, the 

greater the solubility. 

qqq Carnelley and Thomson found a parallel relationship existed 
Ibob. solubility of acids and of their salts which was not 

disturbed by varying the nature of the solvent employed ; further, that 
the ratios of the solubilities of two organic isomerides in any solvent 
is vary nearly constant, and is therefore independent of the nature of 
the solvent used. , 

With certain solvents Alexejeff^^^ had previously recorded that 
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solutions of organic compounds sometimes separate into two layers of 
1889 concentration; these cases formed the subject of a 

theoretical discussion by Roozehoom.^^^^ 

1890. Walker deduced a relation between the solubility of a 
substance in any solvent and its heat of fusion. 

1892 ^ comparison of the graphs which represent the solubility 

of naphthalene, triphenylmethane, diphenylamine, and phthalic 
anhydride in carbon bisulphide, in hexane, and in chloroform enabled 
6iard to conclude that the lower the melting-point of the solvent 
the greater the solubility of a substance therein at any common 
temperature. His measurements of the solubility of naphthalene in 
carbon bisulphide at temperatures approaching the melting-point of this 
solvent show that at that temperature ( - 116^) the solubility will 
become zero. He showed the melting-point of the solvent was the 
inferior limit of solubility. 

Winkler traced an empirical connection between the diminution 
of the absorption coefficient of a gas brought about by a rise of tempera- 
1894 corresponding decrease in the viscosity coefficient of 

the solvent Thorp and Rodger criticised this conclusion, and 
from their discussion of the subject it would appear that for the same 
gas the diminution in the absorption coefficient for any temperature 
interval is approximately proportional to the corresponding diminution 
in the viscosity coefficient of the solvent. 

As indicating the part played by the solvent in conditioning the 
•tont dissolution of a substance, mention must be made of Pictet* s 
J-oyo. observations on the volatility of otherwise non-volatile substances 
when dissolved in volatile liquids. At ordinary pressures borneol is not 
volatile in ether vapour, but when heated with ether to a temperature 
below its melting-point it was found to be completely volatile. 

This and other similar results obtained with borneol and ethyl 
chloride, and with ether as solvent for guaiacol, iodine, or phenol, 
appear to support the contention of Hannay and Hogarth that solids 
dissolve in vapours. 

III. B. — Chemical NaUire of Sohcnt, 

Kremefs made numerous solubilitj^ measurements with the 
18o4, object of finding some existhig relationship between the solubility, 
nature of solvent, and the nature of the solute, but no statement of 
general application was possible. 

The absorption coefficient of carbon dioxide in pure sulphuric 
1876. found by Setschenoff to be the same as In water, but the 

addition of water caused this value to decrease rapidly to a minimum. 

Bunsen* showed, in the case of alcohol and water, there was 
apparently no relationship between the solubility of a gas and the 
nature of the solvent, a conclusion confirmed by Gniewosz and 
Walfisz}^^ 

W oukoloff adversely criticised the conclusions arrived at 
1889. by Louguinine, Khanikoff, and Wroblewski, namely, that the 

» Vide Seotion IV. B, 1855* 
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absorption of carbon dioxide in water does not take place in accordance 
with Dalton's law. 

He pointed out that in Ihis case chemical action probably takes place 
between solute and solvent. 

Determinations of the solubility of carbon dioxide in carbon 
])isulphide at various teinperaiiires show an approximation to Dalton^s 
law. He published later the results of detenninations made in 
chloroform. 

An important paper by ‘Etard'^^^ furnished an interesting 
comparison of the behaviour of mercuric and cupric chlorides in 
various organic sohonts ; the solubility results were plotted as functions 
of temperature; the observations I'anged from —60^ to -1-210^. The 
solvents employed were water, methylic alcohol, ethylic alcohol, propylic 
alcohol, 2 so-butylic alcohol, acetone, acetic acid, ethylic acetate, ether, 
and ethylic formate. 

Great siniilariLy was observed in all parts of the graphs representing 
the results obtained with water, metliylic and ethylic alcohols, the 
gi‘a])]js for n-propylic alcohol and ?.s‘ 0 -butylic alcohol only being similar 
to the foregoing alcohols in the region representing temperatures 
above 40^. 

With the exception of ether, ethylic furniale, .and ethylic acetate, all 
the graphs show distinct points of flexure when mercuric chloride is the 
solute, but with cupric chloride the graphs appear as straight lines. 

Lobry de Bruyn^^^ found that with hydrated magnesium sulphate 
and zinc sulphate, methylic alcohol as a solvent lies between water and 
e'thylic alcohol. Sunilar results' to this were found by DeUphie in 
the case where anirrionia was the solute, tlie coefficient of solubility 
at being for ethylic alcoliol 209, foi* methylic alcohol 425, and for 
water 890. 

Mention must be made of Steiner' h work on the solubility 
1894. hydrogen in aqueous sugar and salt solutions. It is significant 
that the salts giving greatest molecular effect in ilio more dilute solutions 
are sodium sulphate, magnesium sulphate, calcium chloride, aluminium 
chloride, and potassium carbonate, all of wliich di^crease rapidly in^ 
action as their concentration is increased. Salts which jiroducc smaller 
molecular lowering of the solubility coerficient of liydrogen are sodium 
chloride, potassium nitrate, potassiuTU chloride, lithium chloride, 
sodium nitrate, and also cane sugar; all these deci’case but slightly as 
their concentration is increased. 

IV. A. — Nature of the Solute — ’Physical, 

Like Ills attempts to establish some x’elationship between the solu- 
bility of a substance and its nature with the nature of the solute (vide 
Section III. B), Kremers' endeavours to trace a connection 
between the atomic volume of the solute and its solubility were 
unsuccessful. 

-ofio yon Bauer considered the study of solubility afiorded a 
* means of determining the isomorphous nature of salts with con- 
siderable accuracy. 

This value Is given by Sims, Am* d* Pharm.f 118, 315. 
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- g_ - The obseiTafcions of Boishmdmn on the unequal growth of 
crystal facets when a ci'ystal is kept for a long time in a solution 
slightly supersaturated, have considerable bearing upon the subject of 
the physical nature of a substance iniluencing its solubility. Observa- 
tions of a similar nature were made by Bfaundlerj^^ who explained the 
phenomenon of a crystal changing shape and not weight by a difference 
in the energy of vibration on the various crystal facets. 
qoq Carnelley traced the influence exerted on the solubility by 
the atomic arrangement of isomeric carbon compounds (the sub- 
stance of lower m.p. being considered to be less symmetrical), and came to 
the conclusion that the isomeride of less symmetrical molecular structure 
was the more soluble. Examples of compounds of equal molecular 
symmetry having identical solubility were fmmished by the researches 
1 QQ4 Leidie on the solubility of the tartaric acids ; whilst Tilden 

* established a similar relationship among inorganic compounds 
to that found by Carnelley — namely, that with isomorphous salts the 
most soluble was also the most fusible. 

A relation between molecular volume and solubility was observed by 
Nicoli^^^ who adduced instances to show that a diminished molecular 
volume is attended by a diminished solubility. 

With the object of ascertaining whether the state of aggregation of 
Qop a substance in any way affected its solubility, Alexejeff deter- 
layb. solubility of solid and liquid salicylic acid at one and the 

same temperature. In the liquid state this acid was found to be more 
soluble, as also was liquid benzoic acid more soluble than the solid at 
the same temperature— results quite contrary to the views expressed 
by Gay-Lussao. He also found the solubility of a hydrate was always 
greater than that of the anhydrous substance. 

QQ- Bodies having similar melting-points were stated by 
1887. to have very similar molecular solubilities; and he 

used this relationship for calculating from published data the molecular 
solubility of a scries of inorganic sulphates, and also of their double salts 
with ammonium sulphate. 

When studying the conditions of equilibrium between a salt and 
water, Alexejeff (1886) noted the disturbing effect of the solution separat- 
ing into two layers of different concentration. This question was 
1889. theoretically discussed by Rooseboom,^'^'^ but his conclusions 
wei'e unsupported by any experimental evidence. 

Walker applied the thermodynamic equation dp/dt==0/Tv, and 
the gas equation pv=Et, to solutions, and deduced a relationship 
between the solubility of a substance in any solvent and its 
heat of fusion; it was supported by experiments with 2 >toluklino 
dissolved in water. 

Assuming the latent heat of solution of a substance to be equal^ to 
its latent heat of fusion, Le Ghatelier^^^ showed the following 
1894. relationship may be developed from established law of solution 

0-002 log S - y + ^ = 0 

t bQ 

in which S=mol. oono. of diss. sub., L==latGnfc heal of fusion, 
#j*=tihe m.p. of digs, sub., f=tbe solidifying pt. of th? golution. 
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As will be seen, tliis equation contains no term relating to the 
solvent, and the author concludes that the curve of solubility of a given 
substance is independent of the nature of the solvent. This prediction 
was supported by determinations of the solubility of salts one in 
another, salts being chosen which form neither isomoi'’phous mixtures 
nor combine to form double compounds. 

In support of Walker’s conclusion that a substance in the liquid 
state when at a temperature below its m.p. would be more soluble than 
the solid at the same temperature, Bruner* results may be 
quoted. He found the solubility of supercooled sodium thiosul- 
phate in aqueous alcohol was much greater than the solid at the same 
temperature, 


IV. B. — Nature of the Solute — Chemical, 

The earliest observation on the relation between the nature of the 
solute and its solubility appears to be due to Bunsen who 
Jboo. g oouclusion ivoxTi his work on the absorption of gases 

that the absorption coef&cient is dependent upon the nature of the gas. 

_ This was followed some time afterwards by Berthelot and 
Jungfleisch*s statement of a relationship they found between 
the coefdcient of distribution (vide Section VI.) and the chemical compo- 
sition of the dissolved substance. These authors remark how ether 
more readily removes from aqueous solution (1) the more highly car- 
buretted of two homologous acids ; (2) monobasic rather than dibasic 
acids of nearly the same percentage composition; (3) the compound 
containing least oxygen of acids which contain the same number of 
carbon and hydrogen atoms. 

An interesting comparison of the solubility at 0® 0. of benzoic acid, 
-n-o salicylic acid, oxybenzoic acid, and p-oxybenzoic acid was made 
' by but no definite conclusions could be arrived at. 

In the same year Bourgoin^^ traced the solubility-temperature 
curves of benzoic and salicylic acids; below 40® 0. salicylic acid was 
found to be less soluble and above 40® C. more soluble than benzoic acid. 

A large number of isomeric carbon compounds were examined 
1882. Garnelley,^^ who endeavoured to ascertain whether any rela- 
tionship existed between the solubility and the constitution of organic 
compounds {vide Section IV. A). Those possessed of greatest atomic 
symmetry were found to be most soluble. 

A conclusion similar to this was arrived at by Tilden from 
' a study of the melting-point and solubility of various inorganic 
salts. Further work by Tilden extended this rule to isomorphous 
hydrated salts having the same amount of water of crystallisation, in 
which case it was found that the order of solubility and fusibility of such 
salts was the same at all temperatures below the point of fusion or 
dissociation of the hydrate. 

The observation of Nicol'^^^ on the relation between molecular 
volume of a .salt and its solubility (vide Section VII., 1883) was found 
by him to hold wliether the pomposition of salt- rpra£^in§4 unchanged 
or not, ' ' ’ • ^ 
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.ggg An examination of the solubility of the acids of the oxalic 
series was carried out by Henry, who observed an alternating 
variation in solubility ; acids containing an even number of carbon atoms 
being far less soluble than those containing an odd number of carbon 
atoms.* When classified in this manner it was noticed that each group of 
acids showed a diminishing solubility as the molecular weight increased. 
An investigation by Ranyensirauck of the solubility of the silver 
salts of various acids of the acetic series led this author to the conclusion 
that the solubility in general, as also the increase in solubility with rise . 
of temperature, is always greater for the lower members of a homo- 
logous series. The salt of an iso-acid was found to be more soluble 
than the same salt of the normal acid, although no general rule could 
be framed. 

-ggg These results were, in the main, substantiated by a similar 
research with salts of acids of the oxalic series carried out by 
MiezynsM 

-QQ- Sedlitzlcy studied the solubility of various salts of acids of 
‘ similar constitution — namely, iso-valeric, methylethylacetic, and 
iso-butyric acids — ^but was unsuccessful in discerning any connection 
between solubility and constitution. 

1 QQQ Further evidence was published by Carnellcy and Thomson'^^^ 

’ in support of the connection previously discovered by them be- 
tween solubility and fusibility (regarded as indicative of molecular sym- 
metry), f They found this relationship existed not only among isomeric 
acids, but, with few exceptions, could be extended to their salts; the 
general rule being that salts of the more soluble and more fusible acids 
are also more soluble than the corresponding salts of the less fusible and 
less soluble acids. 

- An important paper by Boyer contains results of measure- 

J-byu. Qf solubility coefficients of ammonia and also of the amines. 

The values for the amines show an apparent lack- of agreement ; however, 
this discordancy is noticed in their other physical constants, notably in 
the vapour tension measurements 

NHa 386 \ NH;, 63-7 \ 

, ^ Solub. Vap. ’ 

CHaNHj 511V CHa NH^ 40*7 V ' ' : 

Cooff. tons. ' ^ ’ 

(CHahNH 230 i (CHah NH 90*3 

-lOQo Roozeboom^^^ discussed the solubility curves of salt pairs 
Ib'dA, double salts and mixed crystals — more especially for 

ammonium chloride and ferric chloride. 

It had been previously stated by Le Ohatelier that of two hydi-ated 
forms of a substance, the one containing less water is more soluble in 
water than the more highly hydrated form. This rule was called into 
question by Kurnalcoff^ who cited several exceptions, notably 

In 1877 Baeyer noticed a similar relationship between the melting-points^ of 
the acids of this series, those containing even numbers of carbon atoms having 
higher melting-points than those vdth an odd number, the melting-point of tho 
former decreasing, of the latter increasing, with inorec^se in molecular weight, 
t ^Section Wf A, 
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amongst the ammonio-mefcallic componntls (chlorides and nitrates of the 
roseopentamine bases) — ^wlicre the comiiounds MX3,5NIIj,n20 are 
much more soluble than ilie corresponding anhydrous salts MX^, 5NH3. 

He also made mention of the fact that organic anhydrides, lactones, 
oxides, (tc,, are less soluble than the hydrated compounds. 

Other instances ol! tlie chemical constitution of a substance 
influencing its .solubility maybe seen from a compaiason of the solubility 
i'^Q4 ^'^^cium, barium, and silver salts of the fatty acids. In this 

* connection Liehm found certain fixed relations between the 
•constitution of the acids and the solubility of their salts. 

For the normal acids the relationship is simple; each substitution 
of a methyl group for hydrogen producing a regular change in the 
solubility of the .salt. In the cases of acids other than normal, although 
undoubtedly existing, the connection between constitution and solubility 
is not evident. 

From a study of the solubility of various benzene derivatives 
in water, Vauhel^^^ concluded the solubility of these substances 
is primarily conditioned by the presence of an amido-, hydroxyl-, or 
carboxyl- group. He also obser^^d that the dissolution tendency of 
these groups is weakened by such .substituents as the methyl, bromine, 
iodine, or nitro groups. 

In the case of isomeric derivatives the me/a- substituted compound 
has greatest and the para- substituted compound the least solubility. 
Carnelley and Thomson’s rule that for isomeric organic compounds the 
order of solubility is the same as the order of fusibility does not hold. 

V. A (i) — SoluliUty m relation to Tarnpcralure. 

The fact that change of temperature influenced the solubility of most 
substances was an early discovery, but probably the first accurate study 
of this phenomenon is to be found in a memoir by Gay-Lussao.^ 
ioiJ. worker is also to be attributed the formula expressing the 

solubility of salts where the increase of solubility is proportional to the 
temperature. In those oases where this proportionality did not exist 
- Kopp arrived at a mathematical expression connecting solubility 
and temperature. He also extended his work to cases whore the 
solubility of a salt was influenced by the presence of another salt, with 
like base, and also with like acid — namely, KNO3 with K2SO4, &o., and 
KCl with BaOlg, Sig. This was followed by an extensive investigation 
by PoggialOr^^ who determined the solubility of sixteen salts at 
intervals of 10^ 0. ; from his results, however, no general con- 
clusion could be drawn. 

Bunsen studied the absorption of gases in liquids, and in- 
J 000. the term * absorption coefficient ’ as indicating the volume 

of gas, reduced to 0^ and 760 mm., which is absorbed by unit volume 
of a liquid at normal temperature and pressure. He showed the 
absorption coeiBficient was independent of pressure, but (except in .some 
oases, as hydrogen, oxygen, and carbon dioxide) depends upon tempera- 
ture aud the nature of the gas.* 

* Tkis work was oarried further by Carius, who studied tba absorption of 
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1356. t\.remers^\ 22 continued work Oil tile solubility of salts. In 

1857. following year a memoir was published by Ahascheff on the 
solubility of one liquid in another; he was probably the first to 
ascertain that liquids only partly miscible at ordinary tetnperatures are 
often completely miscible at higher temperatures. 

1861 Sims^^ examined the absorption of ammonia in water (vide 
Section V. B) at various temperatures, and found that with rising 
temperature the absorption more nearly approached the requirements 
of Henry’s law. Contrary to the conclusion of Schonfield,^" he also 
showed that sulphur dioxide only obeyed this law above 40^. Following 
the systematic study of solubility of salts in water carried out by 
1 004 Alhiard and by Mulder the above observations made by Sims 

* were supported by the results obtained by Waits . A general 
18G5, expression connecting solubility and temperature was proposed 
1869 Nordenskjdldi'^^ who observed how the solubility generally 

increased disproportionately with the temperature; increasing 
more rapidly. 

Among other complicated relations between solubility and tempera- 
ture Ale:rejeff found the solubility of amylic nlcoliol in water 

* decreased with rise of temperature, while that of water in amylic 
alcohol increased with rise of temperature. 

SetscJienofJ reinvestigated the solubility of gases in liquids, and 
obtained results which were not in agreement with those recorded by 
- QQA Bunsen ; additional doubt was thrown upon those long recognised 

‘ values by Naccari and PaglianL^^ 

1881 Previous to the work of PreclU and Wiitjen the solubility uf 
salt mixtures had been studied at only a small range of tempera- 
ture. + These investigators found, among other interesting points, that 
between 10 ® and 100 ® C. the solubility of KOI in presence of IVgSO,^ in 
water was practically the same as in pure water. In dilute solutions of 
NaOl the solubility of BaClg, although somewhat depressed, increased 
with rise of temperature at almost the same rate as it does in water only. 

Their continuation of this work,^^ using mixtures of salts such as 
iboA, double salt formation, gave results diflicnlt to interpret. 

Determinations of the solubility of calcium butyrate in water at 
various temperatures were made by Hecht.^^ Ills results showed a 
solubility decrease as the temperature rose from 0® to 65®, betweein 
65® and 80® the solubility was constant, and from 80® to 100 ® it slowly 
increased with rise of temperature. 

Ooodtvin studied the influence of cert>ain metallic chlorides on the 
solubility of chlorine at various temperatures. Wrohlewsld measured 
the absorption of gases by liquids at high temperatures. Later on 
1 QQ 0 Cop'pet,^'^ who experimented on the lines of Gay-Lussac, but 
employed more delicate means of maintaining a constant tem- 
perature, was led to the conclusion that when solubility values are 

ammonia in water {Ann. Ch. Pharm., 1856, S9, 129, and also by ofbers, vide footnote 
Section V. A, 1890). * Ann., 1854, 95, 1. 

f 1879. J. Schonach studied solution of NaGl with KCl at temperatures from 
0 ° to 100°, but could obtain no simple matheinatioai relationsliip. Vide Section 
V.C(iu). 
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plotted against temperature intervals, anhydrous salts give straight lines 
while substances which combine with water do not. 

The trend of such solubility temperature curves was followed beyond 
the usual temperature of experiment by Tilden atid Slmistone,^^ who 
obtained distinct indication of a relationship between the solubility and 
the fusibility of substances. 

1 QQ4 Further work by these authors established the fact that the 
rate of increase of solubility at temperatures above 100^ follows 
the order of the melting-points of the substances in question. 

Outhrie made use of these results, supplemented by his own 
observations, in considering the question of infinite solubility, and gave 
experimental evidence for such a state of things as a finite quantity of 
water dissolving an infinite quantity of salt. He was the first to observe 
the continuity of the solubility curve up to the melting-point of potassium 
nitrate. 

determined the solubility of the halogen salts of calcium, 
strontium, barium, and several other metals between the freezing-points 
of their solutions and 180^. He found the temperature curves were 
always straight lines for a certain temperature interval (when solid salt 
is referred to total liquid and not to water), and he regarded that straight 
portion as indicating the normal solubility curve. Inflections in such 
curves were considered as being due to a change of ‘ state of hydration ’ 
of the salt, and not as representing the true solubility curve. All the 
salts employed gave solubility values which were proportional to the 
temperature. 

^ These conclusions were confirmed in a further publication, in 
which it was stated that in order to describe the solubility of a salt it 
was sufficient to give a point on the curve of deviation and to express 
the straight portion of the graph in terms of the equation S^a+ht, in 
which S = solubility, temperature, and a and b are constants. A 
third communication in the same year supported this opinions and gave 
constants for various salts. 

1R84. Chancel and Parmentier found the solubility of carbon 
watcr rapidly diminished as the temperature rose, 
becoming nil at the boiling-point of carbon bisulphide, the behaviour 
under change of temperature being that of a substance which forms no 
chemical combination with the water. 

P- A year later they found that chloroform increased in solu- 
Iboo. 0^ to 30°, and decreased from 30° to 55° 0. 

The solubility of certain salts in fused sodium nitrate (vide 
Guthrie (sen.) ^®®) was further investigated by F, B. Guthrie, who 
found that the higher the temperature tlae greater the proportion of salt 
entering into fusion. 

A study of the relation between temperature and solubility of 
sparingly soluble substances led Le Ghatelier to important conclu- 
sions as to the thermodynamics of solution phenomena (vide Section 
Y. A (ii). • 

In the same year Baupenstrauch made a study of the solubility 
ol the silver salts of various acids of the acetic series, and arrived at 
interesting conclusions regarding the constitution of salts and their 
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1886 The salts of the oxalic acid scries were investigated 
from this point of view by Miczynshi.'^^^ 

The solubility of one liquid in another was studied by Alexejejf,^^^ 
who found a regular increase in solubility with rise of temperature, 
provided always that no combination takes place between the two 
liquids, otherwise no such regularity was observed. JSe studied more 
particularly the increase in the mutual solubility of phenol and water 
as the temperature was raised to the point of complete miscibility. 

1887 Sedliizky deduced from his own observations mathematical 
expressions connecting temperature and solubility for various 

salts of ?‘50-valeric, methylethylicacetic and iso-butyric acids. 

A further publication by JEtard was in substantiation of his 

1888 formula, and contained constants for copper sulphate 
solubility graphs. This investigator found that above 103^ 

up to 190° the solubilities of most sulphates decrease with rise of 
temperature; a similar decrease was also observed with salts of carbonic, 
sulphurous, and succinic acids, but not with salts of monobasic acids, 
except those of feeble organic acids. 

Roozehoom discussed the influence of temperature on the 
solubility of double salts, and, in the following year, the solubility of 
1 QQQ hydrated salts in relation to temperature. His conclusions in 
’ the latter case were adversely criticised by Lc Chatelier,^'^^ who 
could not agree with hydrated calcium chloride (CaOla, GHgO) having two 
difierent coefficients of solubility at the same temperature. When the 
solubility results were plotted this author found two distinct curves 
meeting at the melting-point of the hydrate (CaOla, 6 H 2 O), one being 
the solubility curve of the hexahydrate in water, the other that of the 
anhydrous salt in the solution of hexahydrate. 

The relation between solubility of salts and their melting-points 
next engaged the attention of Jlliard, who found with many salts an 
increasing solubility with rise of temperature up to the melting-point 
of the anhydrous salt ; beyond this point a given quantity of water was 
considered capable of dissolving an unlimited quantity of salt. Shortly 
afterwards he obtained similar results calculated from measurements 
of simultaneous solubility of sodium and potassium chlorides. The sum 
of the salts dissolved between — 20° 0. and-}- 180° C, being represented 

by a straight line Y ^ ^ 2 ^ =27'0 + 0’0962/, it was calculated that 

the temperature at the limit of solubility, or limiting temperature — 
i.e., the point where the amount of water has become reduced to zero — 
is 738°, which is, curiously enough, approximately the melting-point 
of potassium chloride. • A confirmation of this was next published 
together with the calculated composition of the salt mixture (NaOl and 
KCl) at 738°. 

In a similar manner, calculating from the graphs represent- 
lo90. solubility of potassium iodide in water, the limiting tem- 

perature was found by extrapolation to be 637°, practically the melting- 
point of potassium iodide (639°). When potassium bromide is added 
to the solution of potassium iodide the sum of the two salts in solution 
is equal to that of pure potassium iodide at the same temperature, and 
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at 637^ it consists of a mixture of two-thirds potassium iodide and 
ono-third potassium bromide. In a similar manner the sum of the 
solubility oi' potassium iodide and potassium chloride equals that of 
potassium iodido alone, and at 038^ the mixture consists of 80 per 
cent, potassium iodide and 20 per cent. ])otassium chloride. Potassium 
bromide and potassium chloride in presence of each oilier show a 
similar behaviour. 

From a study of the solubility of cupric chloride potassium chloride 
iqqn compounds Meyerhoffer concluded that each individual sub- 
stance has a definite solubility temperature curve ; the change of 
solubility at the transformation point is considered to bo due to the dis- 
appearance of that individual substance from solution, of which the 
curve becomes changed. Roozehoom^^^ examined the solubility and 
transition points of the hydrates of thoriimi sulphate. 

It has been already mentioned that more recent work ^ had thrown 
doubt on the values obtained by Bunsen and his pupils t for the absorp- 
tion of gases by liquids; this prompted Timofejetv to re-investigato 
the relation between the solubility coorficients of oxygen, hydrogen, aiid 
carbon dioxide, &c., in water, also in alcohol, and the temperature, 
and, contraiy to the obsei'vations of Bunsen and Oarius, evidence was 
obtained of a temperature coefficient for these gases. 

The solubility of hydrogen in water at temperatures between 0^- and 
50^ was determined by Winkler : the values found were in 
‘ close agreement with those published by Timofejew. It was also 
observed that the absorption coefficient of hydrogen decreased with rise 
of temperature. A little later Bohr and Boclc published fresh de- 
terminations of the solubility of oxygen, hydrogen, and nitrogen in 
water, together witli a further verification of the statement that the 
solubility coefficient of hydrogen was not independent of the tem- 
perature. 

This was followed by another paper by Winkler in which ho gave 
in tabular form the found solubility values for nitrogen and oxygen In 
water at temperatures ranging from 0^ to 8(P, and the calculated values 
between 80^ and 100^, the results here I’ocorded for nitrogen being 
considerably larger than those given by Bunsen. 

With the object of gaining some knowledge of the state of salts in 
solution iStard not only followed the change of solubility as the 

temperature rose, but also the alteration of colour of the variously 
coloured hydrated compounds of cobalt iodide and chloride; although 
of considerable interest, no conclusions of a general character were 
possible. 

^ paper, entitled 'Theory of Solubility Curves,’ Van 
Deventer and Van d. Stadt discussed how far it is possible to 
deduce a general law connecting solubility and temperature. They 
discussed the differential equations giveii by Le Chatelier and Van’t 

♦ TOd this Section, 1875-89. 

, t la a paper on the absorbing power of water for gases of the atmosphere (Pet- 
tfersson ana BonA^n, Ber. 1889, 22, 1439) is to be found a fairly complete record of 
tm work of mA kh pupils on this subject. ’ ‘ 
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Hoft, and showed that they are valid for sparingly soluble Substances; 
also that Roozohoom's equation holds for the more soluble salts. 

From his own experiments on the absorption of various gases in 
water, Winkler found the percentage decrease in the absorption 
coefficient between 0^ and 20^ was approximately proportional to the 
cube root of the molecular weight of the gas*"^' 

Eise of temjperature was found by DeU'pine to cause a decrease in 
the absorption coefficient of ammonia inmethylic and in ethylic alcohols. 

jStard found that the solubility temperature graphs for mercuric 
chloride in water, methylic alcohol, ethylic alcohol, and propylic alcohol 
all tend to meet at 266^, the melting-point of mercuric chloride. 

Making use of the method of least squares, HenricJi recalculated 
from Bunsen's data the temperature equations for the absorption co- 
efficients of gases. 

Roozehoom discussed the solubility temperature curves of salt 
pairs which form double salts and mixed crystals, more especially for 
ammonium and ferric chlorides. The isothermal obtained in this caso 
is in accord with the requirements of Gibb’s phase rule, and renders 
possible a general survey of the form of the solubility isotliermals. 

This communication was followed by an account of a careful study 
of the solubility of ferric chloride in water over a wide range of tempei^a- 
ture. The graph representing his results shows four temperature 
maxima, which correspond to the hydrates X^IIgO ; X,5HaO ; XjTHjO ; 
and X,12H^O. 

^tard determined the solubility of naphthalene Iriphenylmethane, 
diphenylamine, and phthalic anhydride in carbon bisulphide, hexane, 
and chloroform over the range of temperature from —60° to +90°. 
He found the inferior limit of solubility of a substance was the melting- 
point of the solvent. 

Eesults of a somewhat similar nature to the above were obtained by 
Schroder . This worker made use of p-dibrombenzene dis- 
solved in carbon bisulphide, benzene, monobrombenzene and in 
ether : naphthalene dissolved in benzene, chlorobenzene, and in carbon- 
tetrachloride : and also m-dinitrobenzene dissolved in benzene, brombeu- 
zene, and in chloroform. He concluded that the solubility, of various 
solids in different liquids is the same at temperatures equally removed 
from the melting-point of the solid solute. 

The solubility temperature curve of u substance is once again lield 
by iStard to represent the locus of the melting-point of mixtures of the 
dissolved substance and the solvent. True solubilities are said to be ex- 
pressed as the amount of solute contained in 100 parts of saturated 
solution, and not the amount which is dissolved in 100 parts of solvent. 

In the case of ether and water a curious temperature inhiience 
1894. observed by Schnneke : the solubility of ether in water 
being found to be largely influenced by change of temperature, whereas 
in the case of water dissolving in ether the temperature influence was 
practically nih 

He also found the absorption of gaseous hydrogen chloride by ether 

* This was adversely criticised by Thorp and ModgerJ^^^ 
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above 0^ to a linear function of tlie temperature ; below this it \va§ hot 
so: on tho other hand, the solubility of ether in aqueous hydrogen 
chloride is approximately inversely proportional to the temperature. 

Arcioivski-^^ determined the solubility of mercuric halides in carbon 
bisulphide over the range of tcmpei-ature from-lOo to + 30 *^. Tho 
solubility temperature curve in each case consisted of two straight lines, 
the points of change of direction in these graphs lie on a straight line. 

The solubility of the iodide was found to be greater than that of the 
bromide, and increases at a greater rate as the temperature is raised : 
the same is true of the Bromide as compared with the chloride. 

A further communication contained values for the solubility of 
iodine in carbon bisulphide between - 94 ® and + 42 ^ 0.; the graph in 
this case being composed of no fewer than six straight lines connected 
by short curves. 

Although nothing very definite can be gleaned from Roelof sen's 
measurements of the solubility of potassium hydrogen tartrate in various 
strengths of aqueous alcohol, it is of intei-est to find that as the con- 
centration of the alcohol becomes greater the solubility of the tartrate is 
less increased by rise of temperature : in 90 per cent, aqueous alcohol 
a I'ise of temperature causes a decrease in the solubility of the tartrate. 

Etard published a complete summary of his more recent work on 
solubility, and included the results of determinations of the solubility of 
sulphur in carbon bisulphide, benzene, ethylene dibromide, and in 
hexane. Except in the last-mentioned solvent, the range of temperature 
was from the freezing-point of the solvent to the melting-point of the 
solute. 

Later on he recorded the limit of solubility temperature for various 
salt mixtures: that found for AgN03-i-KN03 = 198 ^ (the melting-point 
of AgNOg); for Ba(N03)2-i-Ba0l3 — 4740 (the melting-point of Ba(N03)2; 
and several others. The composition of the salt mixtures at these tem- 
peratures was also given. 

;6tard's previous work on solubility of substances in carbon bisul- 
1895 temperatures was called into question by 

Arotowski^'^'^ The solubility was not found to become zero at 
the freezing-point of the solvent; neither were the solubility tempera- 
ture graphs found to tend to cut the tem2)erature axis, but were 
asymptotic with it. 

It had been independently shown by Schroder and by Le 
Chatelier that the solubility of a substance could be calculated from 
certain mathematical expressions. 

Ill the light of this relationship Linebarger discussed data for the 
solubility of inorganic salts in normal organic liquids, but could not 
recognise the applicability of the expression above referred to. The 
substances he used were mercuric chloride and cupric chloride dissolved 
in ethereal salts, mercuric halides in carbon bisulphide, and mercuric 
chloride, cadmium iodfJe, and silver nitrate in benzene. 
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V. A. (ii). — Solubility in relation to Heat of Dissolution. 

Le Ghatelier^^^ published a mathematical application of the laws 
1835 chemical equilibrium to the case of the dissolution of salts in 
water. He showed the relation between the coefficient of solu- 
bility of salts, their heat of dissolution at point of saturation, and the 
temperature could be approximately expressed by an equation. This 
conclusion was extended, and he formulated the general law that 
the solubility of a substance increases with rise of temperature when 
the heat of solution is negative, and vice versd. 

Chancel and Parmentier took exception to this law, not 
1887 be of general applicability in View of their obser- 

vations on the relation between the solubility of normal calcium 
butyrate and calcium iso-butyrate at different temperatures and the 
thermal behaviour of these substances on dissolution. In reply to this 
criticism Le Chatelier pointed out that the last-mentioned investi- 
gators had not measured the heat of dissolution in a saturated solution 
but in dilute solution; by direct experiment he proved the heat 
of solution of hydrated calcium iso-butyrate in saturated solution 
to be positive, as is required by his law of equilibrium. This brought a 
reply from Chancel and Parmentier 

In a publication entitled ‘ Deductions from Van’t Hoff’s Theory ’ 
IQQQ is to be found a discussion by Pagliani of an expression for 
finding the heat of solution of a gas. 
iQQO Riecher and Van Deventer found the solubility of copper 
* chloride increased with rise of temperature, although this salt 
dissolves in much water with development of heat; in more concen- 
trated solutions, however, this process of dissolution is endothermic. 

A comjDarison of solubility and heat of dissolution led Timo- 
' fejew to conclude that the molecular solubility of such sub- 
stances as oxalic, succinic, benzoic, cinnamic, and salicylic acids in 
methylic, ethylic, and propylic alcohols varies inversely as the heat 
of solution. 

This was also found to be the case with cadmium iodide, mercuric 
chloride, and naphthalene in the same three alcohols. The ratio of 
the heat of dissolution of one and the same substance in methylic 
alcohol to its heat of dissolution in ethylic alcohol was found to be 
practically identical with this ratio when ethylic alcohol and propylic 
alcohol were the solvents employed. 

The supposed general law enunciated by Le Chatelier, connecting 
variation in solubility with heat of solution, was shown by Van 
and Van d. Stadt to be of only limited applicability. 

Some interesting experiments were carried out by Pickering on 
the relationship between solubility, heat of vaporisation, and heat of 
dissolution. Liquid substances of known Heat of vaporisation were 
dissolved separately in water, acetic acid and benzene, and their heat 
of dissolution calculated. 

^ q . This author published determinations of the heat of solu- 
tion of calcium chloride ; the results were plotted as percentage of 
OaOla against molecular heat of solution, 

1910. 
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Van contributed a mathematical paper containing calcula- 

tions relating to change of solubility, heat of solution, &c. 

V. B . — Influence of Pressure. 

Fxoin observations -made on the solubility of the permanent gases 
1803, hi liquids, Henry ^ formulated the law that the solubility of a gas 
1807. hquid is proportional to the pressure of the gas used.^' 

In a publication entitled ‘ Heat Disengaged in Olieniical and 
1854. Molecular Attraction ’ Favre and Silberman express the opinion 
that pressure only influences the solubility of a substance by 
virtue of an accompanying rise of temperature. The opinion expressed 
by Oarius that Henry’s law held good for the absorption of ammonia in 
1859, disproved by RoscoS and who showed this 

process to be far more complicated than was supposed. 

1861. Moller^^ showed change of pressure influenced solubility 
quite independently of any accompanying temperature change. 
He foujid the solubility of sodium chloride and potassium sulphate in- 
creased with increase of pressure, while sodium sulphate decreased in 
solubility as the pressure was increased. These results were verified 
1862 Sorhy,^^ who went further by showing a connection between 
' change of solubility by pressure and change of volume when the salt 
separated from solution. If the solution of a substance Is accompanied 
by expansion, and the sepai’ation of the same from solution by contrac- 
tion, as in the case of ammonium chloride, then the solubility of that 
substance is decreased by pressure. Conversely, if, like sodium 
chloride or copper sulphate, solution is attended by volume contraction, 
the solubility is increased by pressure. 

Khanihof and Loiiguinine carried out measurements of gas 
absorption as a continuation of Bunsen’s researches, and con- 
iGfiQ sidered that the results were incompatible with Henry’s law. 
low. Sims recorded experiments on the eibsorption of ammonia and 
sulphur dioxide which supported those obtained by Eoscoe and Dittmar. 
1880 Naecari and Pagliani^^ detected an error in the work of 
IbbU. Louguinine, and used their results to show agree- 

ment with Henry’s law. Further work was published later on to the 
same end. 

determined the solubility of certain salts in closed 
lom. temperatures, and found the results were jH’acticiilly 

a continuation of those at ordinary pressures, concluding tJierefroju that 
the pressure influence, within the limits of his experiments, was very 
small. 

iqqp: Roozehooni made an extensive investigation of the solu- 

IboD. Qf hydrogen bromide under pressures varying from 0 to 

760 mm., at six different temperatures ; when ]plotted, his results for 
each temperature fonn a series of similar curves, which are apparently 
parabolic. 

the ca^ of gaseous mixtures Dalton^ discovered that each gas dissolved 
in aee(^d?bnce with its owu partial pressure. 
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g Pressure was regarded by AlexejefJ as having no special 
influence on the solubility of a liquid in a liquid. 

From a consideration of the influence of pressure in the light of the 
1887 mechanical heat, Braun supported Sorby's con- 

clusions by adducing mathematical evidence that substances dis- 
solving in their nearly saturated solution with development of heat and 
diminution of volume have their solubilities increased by pressure; 
conversely, substances which dissolve either with absorption of heat 
or with increased volume must be partially precipitated by pressure. 
Later on in the same year he published experimental verification of 
his conclusions. 

1889 Woukoloff published an adverse criticism of the conclu- 
sions of Khanikof and Louguhiine,* and also of Wroblewski,t 
that the absorption of carbon dioxide in water does not take place in 
accordance with Henry’s law. It is pointed out that this law only 
holds when no chemical action occurs; determinations of solubility of 
this gas in carbon disulphide at various temperatures showed an 
approximation to Henry's law. 

The influence of pressui’e on the solubility of salts and other sub- 
QQ- stances was considered at some length by Fan der Waalsd^^ 

" * more especially, however, from the mathematical side. 
iQQA investigation by Konowaloff showed the validity of 

‘ Henry’s law for the dissolution of carbon dioxide in aniline. He 
also found the dissolution of ammonia in water at about 100® 0. only 
approximated to this law. 

V. 0 . — Influence of other Substances^ 

(i) Non-electrolytes influenced by Non-electrolytes, 

With oxygen, hydrogen, and carbon monoxide Luharsch 
Ibby. Q, minimum of absorption occurred in dilute aqueous 

alcohol at about the same concentration of alcohol as Muller found with 
carbon dioxide; he suggested that other gases will behave similarly 
in this respect. 

It follows, as a consequence of Nernst’s hypothesis to explain the 
influence of a dissociated substance in solution on the solubility of a 
second dissolved substance {vide Section Y. 0 (iii) ), that the pi'esence 
of a non-ionised substance in the liquid should not influence the 
solubility of an ionised substance, provided such non-ionised substance 
is not identical with an ion of that which is ionised. 

Guido Bodldnder'^'^^ subjected this to the test, and, so as to 
1891. from dissociation phenomena, he considered the case of 

the solubility of sugar as influenced by alcohol. 

Using Schiebler’s solubility values he found that in aqueous alcohol 
solutions less sugar is dissolved than in the corresponding quantity of 
water by itself. This difference increased with increased concentration 

W 

of alcohol. The expressions^ = const, was arrived at as giving the 

* An7i. Oh. Ph. (4), 11, 412. t 

G G 2 
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solubility of sugar in dilute aqueous alcohol. (W = grms. water; 
S = grms. subst. dissolved.) 

The solubility of various substances, mostly organic compounds, 
such as p-acettoluidide, a acetnaphthalide, phenyliirea, &c., iii aqueous 
alcohol at 25^ 0., was determined by Aniusch.^^^ When the 
1894. expressed as solubility graphs very complicated 

relationships were found which did not admit of any generalisation. 

Holleman and Anhisch^^^ found that when water is added to 
alcoholic solutions of such non-electrolytes as benzoylphenylhydrazine, 
acetanilide, benzamide, the solubility of these substances increases 
to a maximum, then decreases (vide Section VIII.) 


V. C. — Influence of jother Substances, 

(ii) Non-electrolytes influenced hy Electrolytes^ and Electrolytes infltienced 
by Non-electrolytes, 

. - Dalton ^ established the fact that a liquid absorbed each con- 

* stituent of a gaseous mixture as if the others were not present, 
thus obeying the law of summation previously found By him (vide 
Section III. A.) 

Probably owing to its bearing upon physiological questions, the 
absorption of gases by aqueous salt solutions formed the subject of 
inquiry at a very early date, and will account for the fact that the gas 
chiefly studied was carbon dioxide. One of the earliest recorded studies 
Ift 4 n PagenstecheUf^ showing that a solution of sodium phos- 

phate absorbed more carbon dioxide than did water alone. This 
carried further by Marchand,^^ and also by Liebig, 
1851. concluded that only a part of the gas dissolved as in water, 

1857. the remainder interacting chemically with the salt. Similar 
conclusions to these were arrived at by L. Meyer, and in the 

1858. following year by Fernet"^.^^ 

1861 Schiff made a general investigation of the solubility of salts 
in aqueous alcohol, but could trace no relationship between the 
decreased solubility and the amount of alcohol added. This problem 
1865 attacked later by Gerardin^^ with but little better success, 

although he ascertained that the character of the solubility- 
temperature graph was the same for aqueous alcohol as for water. 
Working with calcium oxide and barium oxide, and ascertaining the 
solubility of these substances in aqueous solutions of carbon dioxide, 
Schloessing formulated the law that the values of the tension 
■ of carbon dioxide and the weight of bicarbonate in solution form 
two geometrical progressions of different roots. 

1R74. Caustic soda and caustic potash were found by Eaoult^^ 
* materially to decrease the solubility of ammonia in water ; also, 
that ammonium chloride exerted a similar but smaller influence, while 
th^ presence of calcium nitrate caused a considerable increase of solu- 
bility. In all these cases the effect produced was proportional to the 
quantity of salt present in solution. 

* This work was continued also by Heidenhain and L, Meyer (1863).®^ ; 
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1875. SeischenofJ carried out a similar research, as did also 
Machenzie^^; the former, however, went more deeply into the 
nature of the phenomena, recognising a rather marked difference 
in the behaviour of various salts; those which exerted chemical action 
on the gas, and those which did not. 

From his own results Setschenoff^^ concluded that the ab- 
sorption coefficient of carbon dioxide in pure sulphuric acid was 
identical with that in water; the addition of water caused a rapid 
decrease of this value to a minimum. These results he explained by 
assuming the absorption of carbon dioxide and the hydration of the 
acid to proceed equally. 

- In the following year Dra'per observed the non-electrolyte 

* * ether was more soluble in aqueous solutions of hydrogen chloride 
than in pure water. 

1882 Klepl found that chemically pure, dry methylic alcohol dis- 
solves anhydrous copper sulphate assuming a bluish-green colour, 
the addition of a small quantity of water to this solution caused the 
discharge of the colour and complete precipitation of the copper sulphate 
as the blue hydrated salt. 

Ammonia was found by Giraud to be a very effective pre- 
cipitant of certain salts, notably potassium sulphate, which is 
thrown out of solution almost completely w^hen the solution contains 
1888 2 ibout 30 per cent. NHj. Setschenoff^^^ continued his work on 
° ' the absorption of gases in salt solutions, but the results he ob- 
tained, like those of BaouU (1874), were difficult to interpret because 
1887 gases used had some chemical action on the dissolved 

salt.^^® Muller investigated the absorption of carbon dioxide 
1889. aqueous alcoholic solutions and found a minimum of absorp- 
tion at certain concentrations of alcohol; in this, and in other respects, 
his results were somewhat analogous with those previously recorded 
by Setschenojf.^^ 

From a study of the absorption of carbon dioxide in salt solutions 
Setsohenoff showed that the absorption coefficient of salt solutions 
is smaller than that of water, and follows Dalton’s law. He also came 
to the conclusion that a salt solution is a very weak chemical compound 
of salt and water, 

Nernst published an important theoretical discussion of solu- 
bility viewung this process as strictly analogous to Vaporisation; he 
arrived at the conclusion that the presence in solution of a non-electro- 
lyte does not affect the solubility of another substance in that liquid. 

Evidence running counter to this conclusion of Nernst was published 
'JQQ 1 Bodldyider,^'^^ who found the solubility of potassium chloride, 
^ ■ sodium nitrate, and potassium nitrate was affected by the presence 

of alcohol ; the relationship ^ found for sugar and alcohol {vide 

Section V. 0 (i) 1891) \vas found to hold with fair approximation. 

1892 Wegner and a little later also Roelofsen,^^^ ascertained 
IRQ A* influence of various concentrations of alcohol on the solubility 
1894, potassium hydrogen tartrate, 

Steiner determined the absorption coefficient of hydrogen in water 
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and in aqueous solutions of cane sugar and a number of salts at various 
concentrations, ^¥hen his results were compared he was unable to 
discern any relationship between the various substances examined. 
Oane sugar appeared particularly active in diminishing the solubility of 
hydrogen in water. 

The general results are contrary to the requirements of Nernst’s 
theory, because the molecular lowering of the solubility coefficient is 
greatest for dilute solutions. 

The solubility of ozone in acidulated water was found by VAbbi 
Mailfert to be the same as in pure water up to 20^ 0. ; above this 
temperature ifc becomes greater than in pure water. 

-oqr Goldschmidt discussed the question of the increase in the 
solubility of a hydrated salt on tlie addition of a non-electi'olyLe. 
He deduced theoretically an expression for this increase, and found it to 
be independent of the nature of the non-electrolyte. When tested experi- 
mentally with sodium p-nitrophenoxide in pure water and in equi- 
molecular solutions of carbamide, glycerol, acetone, and several other 
substances, each was found to bring about an equal molecular increase 
of solubility.* 

Further results of solubility determinations of gases in aqueous salt 
solutions were furnished by Gordon.^^'^ In this work nitrous oxide and 
solutions of the chlorides and sulphates of the alkali and alkaline earth 
metals were employed. The results obtained by this worker, together 
with those recoi’ded by Steiner, were used by Jahn in arriving at an 
empirical law connecting the solubility of a gas and the concentration of 
salt in solution in the solvent {vide Section VIII.). 


V. 0 , — bifluence of other Substances. • 

(iii) Bhetrolytes mfkimeed by EhetrolyUs. 

Kopp was probably the first to institute systematic experiments on 
1840 influence of one salt on the solubility of another where no 
mutual action took place. He found a salt decreased the solu- 
bility of a second salt. Tliis subject was more fully investigated by 
Karsien,^^ who distinguished three cases in the behaviour of 
‘ saturated salt solutions towards other salts. 

studied the influence on one salt of the solubility of 
another in water — copper sulphate and sodium sulphate, mag- 
nesium sulphate, and sodium sulphate — and could detect no relationship 
between the solubility of a salt in water and the amount of it that dis- 
solves in water containing another salt in solution. The line of work 
taken up by Kopp and by Karsten was continued by Hauer, 
iftfiR who showed, more especially in a later publication,^"^ that if one 
salt is added in sufficient excess to a solution of another salt, it 
is sometimes able wholly to displace the other from solution, provided 
the salts are isomorphous. 

* Tlus work was continued by Ldwenherz,^'^^ wlio oxamined the influence exerted 
by carbamide bn the solubility of hydrated sodium suli>hate. 
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In an extensive and general study of salt mixtures Biidorjf^^ 
examined the solubility of mixtures of salts, and found that not 
only isomorphons salts, as Hauer supposed, but also those which 
form double compounds, expel one another from solution. 

The salt mixtures employed were classified as 

(i) Where no chemical action could occur — i.e., salts having like 

acids or bases. 

(ii) "VlTiere chemical action may take place — i.e., salts of different 

acids and bases. 

^ Broezer found the solubility of gypsum was considerably 
influenced by the presence in solution of certain salts, while in 
1878. the next year Eder published results showing that alkaline 
sulphates do fiot affect the solubility of silver sulphate in water. 

The influence of a salt on the solubility of another salt of similar . 
character — ^namely, sodium chloride and potassium chloride — formed the 
1879 inquiry by Schdnacli,’^'^ He found, when water was 

saturated with both of these salts, the solubility of each became 
diminished, that of potassium chloride more than sodium chloride; the 
solubility of the mixture not corresponding with tlie sum of the 
solubilities of the two salts. This difference increases with lise of 
temperature,"^'' the less soluble salt being removed by the more soluble 
salt in accordance with the law of Hauer. 

* A knowledge of change in the solubility of so-called sparingly 
soluble substances owing to the presence of other substances in solution 
QQ became of great importance for gravimetric analysis. This appears 
to have prompted Ruyssen and Varenne to investigate the case 
of several very sparingly soluble compounds. They found, for example, 
the solubility of silver chloride increases with the concentration of 
silver nitrate, and also with the concentration of hydrogen chloride, 
but no well-marked regularities were observed. Precht and Witijen 
determined the solubility of mixtures of salts of the alkali and alkaline 
earth metals. The more striking of the results recorded being that 
when a mixture of potassium sulphate and potassium chloride is treated 
with water the solubility of the potassium chloride remains practically 
the same as in pure wafer ; and the solubility of barium chloride when 
in the presence of sodium chloride does not change with change of 
temperature. 

A discussion of the solubility of metallic chlorides was published by 
who classified these salts according as their solubility was 
(i) increased, or (ii) decreased in the presence of hydrogen chloride. 
Those which showed an increased solubility he subdivided into the 
groups (i a) those soluble in water, and (i h) those insoluble ; while the 
salts which became less soluble were classed as (ii a) separating in a less 
hydrated state, and (ii h) in an anhydrous state. 

Nicol recounts some experiments regarding the saturation 
of a liquid by two salts dissolved simultaneouslv, which appear 
to indicate that each salt dissolves independently of the other, 
and each salt increases the solubility of the other. This increased 
solubility is not considered as being Brought about by any tendency to 
♦ Vide footnote, Section V. A (i) 1879. 
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form homogeneous combinations, but rather by a mechanical interposi- 
tion of the molecules of the two salts with those of the water. 

^ Rildorff published further results of work on the lines of 

that previously recorded (1873), and concluded that those salts 
which are isomorphous or which form together double salts, displace one 
another from their solutions, while those salts which do not crystallise 
together do not displace each other from solution. In the following year 
there appealed the first of a series of publications by Engeld^'^ 
dealing with the somewhat complex case of the solubility of 
cupric sulphate in presence of ammonium sulphate. This was soon 
followed by an account of experiments on the precipitation of 
barium, sodium, ammonium, and strontium chlorides by hydrogen 
chloride. The conclusion drawn being that the solubility of chlorides 
which are precipitated from their aqueous solutions by hydrogen 
chloride became diminished in presence of the acid by the amount 
which corresponds to one equivalent of chlorine for each equivalent 
of hydrogen chloride; thus the number of equivalents remaining in 
solution keeps practically constant. In all cases, except with 
ammonium chloride where the sum of the equivalents slightly but 
continuously increases, the sum of the equivalents was found to be 
diminished somewhat at first and then increased. This law of 
equivalent precipitation was only found to hold good up to the point 
where the solubility of the chloride had become reduced to about | of 
its solubility in water. These conclusions of Engel were adversely 
criticised by Jeannel^^^ who enunciated the law that the solubility of 
chlorides in water in the presence of hydrogen chloride varies in such 
a manner that “the sum of the equivalents of salt, acid, and water in 
the solution remains practically constant at the same temperature, 
irrespective of the nature of the chlorides. 

.. To this Engel replied by publishing results of precipitating 

* magnesium chloride by hydrogen chloride which supported his 
previous conclusions, although he found some deviation from his equi- 
valent precipitation law with higher concentration of HOI, and also 
when barium chloride or strontium chloride were the salts employed. 
This third paper on the effect of hydrogen chloride on the solubility 
of chlorides dealt with cases of various anhydrous and hydrated 
salts, and contained results quite in harmony with his law of equivalent 
precipitation. Similar results were obtained with nitric acid and 
nitrates. A further publication recorded the behaviour of sulphuric 
acid as a precipitant for sulphates. In this case, however, the acid be- 
haved as though one equivalent withdrew, or prevented twelve equiva- 
lents of water from exerting any solvent action, and the corresponding 
quantity of salt was precipitated. As with hydrogen chloride this did 
not hold with strong acid solutions. 

In the next year Engel published a series of three 
memoirs treating of the solubility of salts in presence of acids, 
bases, and salts. The first being a general review of the subject ; the 
second relating to the solubility of carbonates as influenced by 
carbonic acM, and also that of oxalates influenced by oxalic acid; the 
conclusion arrived at being tha^ the law of Sohloesing®^ (Section V. 
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0 (ii)) is appHcfible also to magnesium carbonate, but only in a limited 
number of cases to the action of dibasic acids on tlie solubility of 
their neutral salts. The third treated in an extended form of the 
question of the equivalent precipitation of vai’ions chlorides by hydrogen 
chloride and is a restimS of previous publications in the ‘ Ooinpt. rend. ' 

. A. further paper by the same author contained an interesting 
IboJ. historical review of the subject under investigation, and the 

collected results of an extensive study of the influence of hydrogen 
chloride on the solubility of many metallic' chlorides — namely, those of 
tin, copper, cobalt, potassium, lead, mercury, and platinum. 

Graphs representing solubility of potassium chloride in water at various 
temperatures, alone and in presence of sodium chloride, were found by 
iStard to converge towards a temperature of 913°, and the 
composition of the mixture at the ‘ limit of solubility temperature — 
738° C. — ^^vas calculated to be 16*7 per cent. NaCl and 83*3 per cent. 
KOI. These weights contain approximately equal quantities of metal 
(K and Na) and non-metal (01). 

QQQ Nernst contributed an important theoretical discussion of 
1889. results obtained by Engel and the general nature of the influ- 
ence exerted by one soluble substance upon another in solution, the 
explanation offered being strictly comparable with the gas laws and the 
observations of Horstmannf on dissociated vapours. The conclusions 
he arrived at were supported qualitatively by the precipitation of 
potassium chlorate from its saturated solution by potassium chloride 
and by sodium chlorate, and approximately quantitatively by results of 
determining the solubility of silver acetate as influenced by sodium 
acetate and by silver nitrate. He was the first to advance the theory 
that at a given temperature the solubility of a sparingly soluble electro- 
lyte in water or in aqueous solutions of other electrolytes, is dependent 
upon a constant which he called the * solubility product. ' 

The study of mutual salt influence carried out by Biidorlf was 
extended by MeyerJioffer to conditions where double salt formation 
takes place. This author examined the change of solubility at the 
transformation temperature of double salt, and came to the conclusion 
that each individual substance has a definite solubility temperature- 
curve, and at the point of the intersection of such curves the composition 
of each saturated solution must be identical for each curve. 

Noyes examined the application of Nernst ^s formula for 
calculating the solubility of mixed salts, and in some cases with 
dilute solutions ; the results he found were in approximate agreement 
with the values obtained experimentally. So strong was this author's 
faith in the above-mentioned, hypothesis that he concluded the discre- 
pancy between his calculated values and his experimentally determined 
values for the solubility was due to the degree of dissociation hot being 
accurately determined by conductivity measurements. He proceeded 
to calculate the dissociation constant (K) for thallium nitrate from his 
solubility results, and found a smaller and a fairly constant value. This 

♦ The temperature at which the proportion of water has become reduced to zero, 
owing to the increased quantity of salt. 

t Ber,, 1881, 14, 1242. 
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application by Nernst of the law of ‘ Mass action ’ was further 
discussed by Le Blanc and Noyes , who cited several examples of 
apparent anomalous behaviour; as, for example, mercuric chloride 'and 
hydrogen chloride, sodium chloride and potassium chlmide, and 
potassium nitrate and lead nitrate, while sodium nitrate beliaves in ta 
normal manner. In these and in other cases of increased solubility, 
from freezing-point measiu’einents of combination between tbe two 
instead of the anticipated decrease, they were able to obiiairi evidence 
added electrolytes. In further support of Nernst’a hypothesis, the 
conclusion was arrived at that the solubility of a substance in \vater 
is not much influenced by the presence in solution in the water 
of another substance which does not of itself play the part of a 
solvent. 

The complex case of mutual salt influence when double salt forma- 
tion takes place — potassium sulphate with copper sulphate — ^was 
examined by Trevor Compared with their solubility in pure 
' water, he found the solubility of the move soluble salt was 
increased, and that of the less soluble salt diminished. This is in 
agreement with Nernst's hypothesis, as was pointed out by Noyes.'^^''^ 

A paper entitled 'Neutral Solution,' by Nicol,^^^* continued the 
discussion of phenomena due to the mutual influence of two salts on 
each other's solubility in water*; more particularly of chlorides and 
nitrates of sodium and potassium in such combinations that the salt 
pair contained a constituent in common. 

The general conclusion come to was that the presence of one salt 
diminishes the solubility of the other, except in the case of the nitrates, 
where an increased solubility was found. 

The research of Bodldnder on the iufluence exerted by one salt 
on the solubility of another — potassium chloride precipitated by potassium 
nitrate — furnished results which were not in agreement with the views 
held by Nernst. Bodliinder found, for instance, in the -above case that 
the same relationship existed between water and dissolved salt — 
potassium chloride — as was found when alcohol was the added sub- 
stance and not potassium nitrate. 

Roozehoom,'^^^ determined the solubility of mixed crystals of the 
isomorphous salts, potassium chlorate and thallium chlorate, and ex- 
pressed views as to the limitations of Nernst's law of the relative lower- 
ing of solubility, 

Setschenojf^^^ examined the data published in connection with 
Bodlander's work, and found that, provided the concentration of the 
solution is not great, the solubility of one salt in the solution of another 
indifferent salt obeyed the law he had observed to hold for the 
absorption of carbon dioxide in salt solutions. 

This line of work was continued by Blarez,^^^ who employed 
potassium hydrogen tartrate and studied the influence of varying 
quantities of potassium chloride on its solubility. 

Besides the solubility of this tartrate being a function of the tem- 

' * TVevor, Phil Mag. (5) 32, 75, pointed out that the problem disoussed in this 
solved theoretically and confirmed experimentally by Nernst, Noyes, 
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perature, it was found to be a function of the quantity of potassium 
chloride present; the quantity of tartrate precipitated, when this salt is 
only present in small quantities, being equivalent to the quantity of 
chloride added. For solutions containing more KOI than potassium 
hydrogen tartrate, the expression Qi = 0‘0o-{- 0*000005 j s/li was found 
to hold: in which fc potassium in form of chloride, Qi = quantity of 
salt in 100 parts of solution at P. This relationship was found to 
hold also for the bromide, iodide, chlorate, and nitrate.^®® In other 
words, the effect depends solely on the weight of potassium present, 
and is independent of the nature of the acid. 

Blarez also found that successive additions of small quantities 
of potassium chloride to a saturated aqueous solution of potassium 
sulphate precipitated the sulphate, but the sum of the salts in solution 
continually increased until a reverse action took place. 

Similar observations were made by Bngel on the influence of 
alkali bases on the solubility of alkali salts. He found that sodium 
hydroxide added to a saturated solution of sodium chloride or sodium 
nitrate, or potassium hydroxide added to a saturated solution of 
potassium bromide, potassium iodide, or potassium nitrate, precipitated 
the salt originally in solution approximately in agreement with the rule 
that 1 molecule of salt is precipitated for each molecule of anhydrous 
oxide — (Na^O or KgO) — that is added. 

Experiments by Blarez on the solubility of potassium chlorate 
as influenced by potassium hydroxide and other salts indicated that this 
more sparingly soluble salt behaves in the same manner as the other 
potassium salts previously studied. 

An attempt was made by Behrend to ascertain whether 
1892. application of the gas laws to solutions, as made by Van’t 
Hoff, was valid for the case where a double compound becomes resolved 
into its two components when dissolved in a liquid. As affording 
evidence to tliis end, the results recorded leave much to be desired. 

Meyerlioffer examined the system 0uCl2,2H30,2K01 + KGl and 
criticised the work of Trevor [1891] on the solubility of copper sulphate 
with potassium sulphate. 

Noyes criticised Arrhenius’''" assumption that all binary 
salts are equally dissociated in solution, and not only did he quote 
Arrhenius’ own figures to show this, but stated that he himself had 
found the solubility of potassium tartrate to be reduced to a greater 
extent by KOI than by KNO3, and still less reduced by KOIO3. 

Eoozeboom’s conclusions were criticised by who com- 

mented on the lack of data given by this author. He gave his results 
for the solubility of potassium sulphate in presence of ammonium sul- 
phate; no proportionality being found between the molecular percentage 
of one constituent — ammonium sulphate — and the molecular percent- 
age of that constituent in the mixed crystal, nor was it regarded as 
possible that there should be any such proportionality. 

An extension of the study of the influence of added salts on the 


Zeit 'pTiyaihal, Chem.t 11, 391. 
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solubility of potassium hydrogen tartrate was published by Noyes and 
Clement . Their results may be briefly summarised as follows ; 
three potassium halogen salts decrease the solubility 
of the tartrate to about the same extent ; (ii) potassium nitrate in con- 
centrated solutions causes a smaller decrease in the solubility of the 
tartrate than is occasioned by the potassium halides : potassium chlorate 
to even a smaller extent than the nitrate ; (iii) potassium acetate causes 
a decided increase ; and (iv) potassium .sulphate least effect of all other 
salts; while (v) hydrogen chloride brings about an increase in the 
solubility of the KHOJT^Og. 

With the object of gaining information as to the behaviour of 
isomorphous salt pahs, Muthmann and Kuntze studied the solubility 
of monopotassium- phosphate and arsenate; potassium perchlorate and 
permanganate; and potassium and rubidium permanganates. Although 
difficult to interpret, the results seem to be in accord with the con- 
clusions of Eoozeboom (vide this Section, 1891). 

Following a general review and amplification of his work, 
recorded an attempt made to measure the solubility of the 
potassium halide triple mixture, KOl + KBr + Kl in water. It was 
found, however, that these salts were not capable of existing simul- 
taneously in solution ; the potassium chloride remaining undissolved in 
the presence of the other two salts. 

A further contribution to the study of mixed hydrated crystals was 
published by Stortenheker.^^^ The molecular percentage of the 
° • two constituent salts are made to serve as ordinates and 
abscissae, and the solubility curves drawn, when the following three 
classes of curves are illustrated: — 

(1) The solubility isothermals do not cut — an example being the 
case of (MgS0^,7H20; ZnS0^,7H20). 

(2) The isothermals cut, but have no breaks — an example being 
(0 uS 0^,6H30; FeSO^SH^O). 

(3) The isothermals cut, but one of them has a break — an example 
being OuSO^SHsO; Mn(S04),5Hj0. 

Van Laar investigated thermodynamically the formulae express- 
ing changes of solubility, and obtained theoretically the following 
results : When there is one * ion ' common to both substances the 
solubility becomes lowered, the least soluble undergoing the greatest 
relative change. Non-electrolytes were found to have no effect on the 
solubility, neither are they themselves affected in this respect. When 
there is no ‘ ion ’ in common, the effects produced are more complex 
and frequently indeterminable. 

VI. Mtiiual Solubility and Distribution Gocffioienis. 

The first to examine the distribution of a substance between two 
1872. ^"^on-miscible solvents were Berthelot and Jungfleisch.'^^ Ex- 
perimenting with iodine and bromine in mixtures of water and 
carbon bisulphide, also various organic and inorganic acids, S,nd 
ammonia in mixtures of water and ether, they tried to find some 
rdationship between the partition of the substance and its solubility in 
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the two solvents. Although unsuccessful in this direction they ascer- 
tained that when a substance is simultaneously in the presence of two 
solvents, the quantities dissolved by equal volumes of each have a 
constant ratio — coefficient of distribution — which is independent of the 
relative volumes of the solvents, but varies with the degree of concen- 
tration and with the temperature,'" 

A very thorough investigation of the behaviour of partially miscible 
1881 carried out by Konowaloiv This work embraced 

the influence of pressure and temperature on the mutual 
solubility of water and respectively formic acid, methylic, ethylic, and 
propylic alcohols. 

1884 . studied the solubility relations of partially mis- 

cible liquids, as, for example, ethylFc alcohol and carbon bisul- 
phide, alkylamines and water, &c. 

Having previously shown that the mutual solubility of substances 
ggg is not always increased by rise of temperature,! Alexejejf^^^ 
came to the conclusion that mutual solubility phenomena are not 
as simple as the hypothesis of Dossios supposes (vide Section VIII., 
1867). Prom numerous experiments it was concluded that liquids 
which dissolve one another appreciably at ordinary temperatures mix 
completely at temperatures considerably below their absolute boiling- 
points, there being no essential difference between the laws of mutual 
solubility of liquids and solids. This conclusion was experimentally 
confirmed. 

IRQA Nemst extended the application of the law of distribution 
of a substance between two solvents, showing that this was 
dependent upon the substance having the same molecular weight in both 
solvents. He suggested this as a useful method of ascertaining mole- 
cular weights of compounds. 

•toqi ^ publication by Riecke on the thermal potential for dilute 
■ solutions contains results which are in agreement with experi- 
mental data for the distribution of a substance between two solvents, 
and also for the diminution of solubility of a substance by the addition 
of a second substance. These results, which were arrived at mathe- 
matically, are based upon the application of Gibb’s equation to the case 
of dilute solutions. , ^ 

Prom the observatio|-s of Alexejefi on the solubility of aniline in water 
and water in aniline at various temperatures, Masson found experi- 
mental evidence in favour of the view that there is complete analogy 
between the dissolution and the vaporisation of solid substances. 

Berthelot’s work on the distribution of a substance between two non- 
miscible solvents was extended in theory by Aulich to the case where 
four substances were present in chemical equilibrium — ^two salts with 
like base and different acids, and also the acids of those salts. This 
author discussed the relationship between the affinity coefficient and 
the distribution coefficient of this system. 

Eilster'^^^^ published an extension of his previous woi-kj on the 

; ♦ See also IV. B. t S'!®® Bull 8oc- Chim. (2), 42, 329. 

J Zeitschr. /. fhyaih* Chem. (1890), 5, 601. 
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freezing-points of isomorphoxis mixtures. He found that Van/t Hoff’s 
law for the depression of the freezing-point was not obeyed in these 
cases, but that the freezing-points lay in the neighbourhood of the point 
calculated from the freezing-points of the components of the mixture. 

It was found by Nernst that a substance whicli gives a different 
value for its molecular weight in one solvent from idiat found with 
another solvent gives an abnormal value for its distribuiiion coefficient 
between these liqxiicls. This he attributed to tlio fact that one liquid 
acted better as a simplifying agent than the other; a conclusion sup- 
ported by experiments made with benzoic acid in water and in benzene. 

During that year Roozehootn expressed views regarding the 
limitations of Nernst’s law of the relative lowering of the solubility 
and the partition law; such limitations were, however, strongly 
contested by NernsL,'^^^ 

, The mutual solubility of salts engaged the attention of Le 
^ ' Ghatelier he distinguished three general cases: — 

(1) Salts solidify to form isomorphous mixtures of variable com- 
position. 

(2) Bach salt solidifies separately from the mixture. 

(3) The two salts combine and solidify as a compound of definite 
composition. 

Cases of the first kind having been considered by this author as 
well as by in this paper instances of the second class are 

recorded. 

Ku&ler investigated the diskibution of ether between water and 
caoutchouc, and found evidence for recognising the existence of a con- 
siderable proportion of double ether molecules 2 [( 03 H 5 ) 0 ] at low 
temperatures. Prom experiments t on the distribution of iodine 
between water and starch carried out in the same year, he came 
to similar conclusions regarding iodine. 

^ Jalwwhin determined the distribution coefficient of iodine 
and of bromine between water, and some other solvent, and 
found, with some solvents, that Kuster’s observations were substan- 
tiated, while with other solvents this was not the case. 


VTI. Theoretical Gonsiderationfi. 

Up to the time of Lavoisier the phenomenon of dissolution was 
regarded as the result of some purely mechanical process, and, to this 
end, many ingenious explanations were advanced. {: According to 
Ijivoisier, and indeed nearly all the chemists of tliat period, § the 

* Zeitschr. /. pliysih Cliem. (1890), 5, 322. 

t Further references and details may be obtained from * * * § Der Vertcilungssatss/ 
by W. Herz, Ahren’s Scmmlung, 15 (i) [1909]. 

t Newton imagined there are spaces in the water, in which the salt takes up 
position ; and to explain how it was that water saturated with one salt was still 
capable of dissolving anq^her salt, Gassendi (Chaptal, Mements de Ohmie^ i. 40 ; 
Montpellier, 1790) supposed these spaces to be of different shapes. 

§ Berthollet, Btatique CMmi^ue, p. 50 ; also Fourcroy, Systhme des Connaissances 
Uhm^wts^ ii., p; 360. 
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existence was recognised of a chemical attraction between the molecules 
of solute and the molecules of solvent, 

1839 Gay-Lussao held the opinion that dissolution was a physical 
process,'*' being dependent upon the molecular state, and show- 

ing a great resemblance to the phenomena of fusion and vaporisation. 

1840 researches of Karston upon tlie influence of one salt 

^ • on the solubility of another, as, for example, the influence of 

other soluble nitrates on the solubility of sodium nitrate, did not indi- 
cate the existence of any law governing the change of solubility ; how- 
ever, it was concluded that aqueous solutions of salts must.be regarded 
as chemical compounds. 

1856. These conclusions were further emphasised by Pfaff.^^ Some 
1866 later Mulder supported the view that solubility was to be 

regarded as a chemical process, and published his work upon 
the saturation of water with two salts. Evidence was found therein 
indicating the formation of some chemical compound (double salt) in 
solution, the composition of which varied with the temperature, and 
also with the quantity of the components present. 

^ ‘ Dossios'^''^ advanced a theory to explain the difference in 

solubility of substances, which was based upon the conception of 
an attraction between the particles of solvent and the particles of solute 
being greater than the attraction between the solute particles them- 
selves, Unfortunately, no experimental justification for this assump- 
tion was given. Handl^^ expressed the opinion that the solu- 
187 ^ substance is not conditioned by any property of the 
solvent, but by^ the establishment of a state of equilibrium between 
the number of particles leaving the solid body and the number return- 
ing. Further work bearing on the nature or theory of solubility was 
published by Pfaundler,^^ who studied the phenomenon ’ of a 
crystal changing shape and not weight when kept in its saturated 
solution; the explanation put forward being that the energy of vibration 
was unequal on different crystal surfaces. These views were, how- 
ever, adversely criticised by Lecoq de Boishaudran^^ 

In the following year Jsidor Walz published ‘ a contribu- 
1876. theory of solubility ’ in wdiich he adopted an extended 

view of solution, embracing themolecular’ intermixture of solids. The 
sisie of the molecules and the intermolecular spaces were regarded as 
having an important bearing upon the solubility of substances. 

• From an entirely different source — namely, the study of suspension 
of clay in water and in saline solutions, Durham came to the 
conclusion that chemical combination, solution, and suspension 
are all manifestations of the same force, differing only in degree. 

Hannay and Hogarth observed the solubility of solids in 
1880. from their results concluded that the dissolution of a 

solid substance was a function of all fluids ; the requisite condition being 
molecular closeness and thermal activity. 

The behaviour of anhydrous copper sulphate towards anhydrous 

* Further observations by this author relative to * solubility ’ will be found, 
Ann. Gh. Ph.y 1819 (2), 11, 296 ; ibid*, 1832 (2), 49, 393 ; ibid., 1839 (2), 70, 423 ; 
Compt. rend., 1839, 8, 1000 ; and Ann. Oh. Ph., 1846 (3), 13, 567. 
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methylic alcohol and towards moist metliylic alcohol, observed by 
-iciQo also the observations of Goodwin {vide Section V. A), 

all point to solubility being dependent upon more than some 
purely mechanical process ; the latter author concluding it to be more of 
a chemical process at low temperature, and more mechanical at high 
temperature. 

In the next year Nicol put forward views on the nature 
' of solution, which had much in common with those previously 
expressed by Dossios (1867), He suggested a possible relationship 
exists between molecular volume and solubility of solids, similar to that 
-pp. found between the molecular volume and the boiling-point of 
liquids; instances of this were adduced in a laier puhlication^^^ 

From a very extensive examination of the behaviour of solutions of 
Q. a large number of isomeric organic compounds Trauhe was 
'* able to conclude that the solubility of a substance and the 
cohesion of the solution are in some manner directly related. 

As a result of further research Nicol showed the solubility 
PP of a salt to be dependent on the relation between the cohesion 
1000 . adhesion of solvent to the salt. Alexejeff^^^ 

found the state of aggregation had a decided influence on the solubility 
of salicylic and of benzoic acids. 

, The research of F. Braun {vide Section V. B.) has also 
-pp- to be mentioned in this section; likewise the relationship, 
although somewhat obscure, observed by Kosman^^^ between 
the amount of salt that saturates 100 parts of water and the molecular 
weight of the hydrated’ salt. 

A systematic study of the precipitation of salts from their aqueous 
solutions by the addition of the corresponding acids led Engel 
to conclude this process to be in no wise due to a dehydrating 
effect of the added precipitant ; in arriving at this conclusion, however, 
this author entirely neglects to consider any affinity existing between 
salt and water. 

That salt solutions are very weak chemical compounds was 
-PPQ inferred by Setschenoffy^^^ while almost at the same time 
xbbd. 144 regarded the process of dissolution as being perfectly 

similar to that of vaporisation; the molecules in both cases assuming 
the gaseous state. The specific attraction between salt and solvent was 
considered by this investigator to be non-existent ; the process of disso- 
lution being independent of such influences. As the distribution of sf 
vapour takes place in the atmosphere of an indifferent gas as in a 
vacuum, so the solubility was assumed to be unaffected by the preseuice 
in solution of a second substance, provided always the two are without 
chemical action one on the other. The work of Horstmann referred to 
{vide Section V. 0 (iii, 1889) showed the addition of a product of dis- 
sociation caused a separation of the substance vaporised, an indifferent 
gas not being capable of this action. On these lines the precipitation 
of a dissociated substance in solution by the addition of a compound 
giving an ‘ ion * in common with one in solution was considered as 
being caused by the increased osmotic partial pressure of that * ion ' 
beifig greater than the solubility tension of the solid substance, and 
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consequently the excess of those ‘ ions ' separate from solution in 
union with the requisite number of oppositely charged * ions.* He 
also introduced iiho conception of a ‘ solubility product * {vide Section 
V. 0 (iii), (1389), 

A communication by Eieche on the thermal potential for 
dilute solutions furnished results which are in agreement with 
experimental data for the distribution of a substance between two 
solvents and also for the diminution of solubility of a substance when a 
second substance is added. These results were arrived at mathemati- 
cally from an application of Gibb’s equation to dilute solutions. 

Masson discussed the analogy between the dissolution of a solid 
and the vaporisation of a volatile substance ; he mentioned, among other 
points, that, when regarding these phenomena as related, it becomes 
necessary that there should be some relationship between the true 
melting-point of salts and the rates of increased solubility with the 
temperature; further, substances should exhibit an inijnite solubility. 
The former having been generally established by Tildeii and Shenstone, 
the latter, only in the case of liquids, by Alexejeff. 

, In an important communication entitled ‘ The Solubility of Mixed 
Crystals, more especially of two Isomorphous Substances,* Rooze- 
boom considered the question of solubility with the object of throw- 
ing light on the analogy between solid and liquid solutions. He 
adversely criticised Duhem’s explanation of the behaviour of iso- 
morphous salt pairs based on Gibb’s Phase Eule, and from measure- 
ments of the solubility of the mixed crystals of the isomorphous salts, 
potassium chlorate and thallium chlorate, he expressed views as to 
the limitations of Nernst’s law of the relative lowering of solubility. 

These limitations were not acceptable to Nernst,^^^ as is 
seen from his communication entitled ‘ The Solubility of Mixed 
Crystals. ' 

Pickering published evidence to show that a substance in solution 
was in a condition different from that of a gas (vide Section V. A (ii) ). 

The change in the internal friction of the solvent was considered by 
Winkler to be the real cause of the decrease in the absorption pow^ei 
of liouids for gases as the temperature was raised. 

Stard concluded from his work on the solubility of mercuric 
chloride and cupric chloride in various organic solvents, that union takes 
place between salt and solvent. In some cases, for example, with 
cupric chloride and methylic alcohol, he was able to isolate the complex 
that is formed. 

Some interesting results were published by Noyes which revealed 
considerable imperfections in the * ionic * conception as advanced by 
Nernst^^^ The assumption was made that thallous chloride is disso- 
ciated to the same degree as the chlorides of the alkali metals at the 
same concentration, and the dissociation of potassium chloride was 
calculated from solubility measurements. The results thus obtained dif- 
fered greatly from the values found from measurements of conductivity. 

^tard^^^ investigated the solubility of hydrocarbons in organic 
liquids at low temperatures, and was led to regard the melting-point of 
the solute as the superior limit of solubility and the melting-point of the 
1910. * jj jj 



EEPOETS ON THE STATE OE SOIENOB. 


4^62 

solvent as the inferior limit: all intermediate points as loci of the 
melting-points of mixtures of solvent and solute. 

That union, or interaction, does take j)lace between solvent and solute 
seems also to follow from the work of Lobry de Bruyn.^^'^ This author 
found certain hydrated sulphates of dyad metals were soluble to a con- 
siderable extent in methylic alcohol, but the solution obtained was 
unstable, depositing the salt again on standing : the addition of a few 
drops of water accelerated the deposition. The salt, separating frojii 
such a solution generally contained less water than that originally held, 
and, in some cases, a partial replacement of water by methylic alcohol 
was found to have taken place. 

The view expressed by Noyes (vide this Section, 1892), more parti- 
cularly that the degree of dissociation derived from measurements of 
solubility is more trustworthy than that obtained from measurements 
of electrical conductivity, was disputed by Arrhenius,^^^ This 
vvas based upon his observations that the electrical conductivity 
of a salt differs greatly when calculated from solubility measurements 
according as the sparingly soluble salt with which it is present is more 
or less soluble. The law of mass action upon which the calculation 
is based was not considered applicable to strongly dissociated 
electrolytes. 

1AQ4. Noyes and Clefmnt found the solubility of KHO^H^^Og — 
potassium hydrogen tartrate — was variously decreased by the 
addition of potassium salts of halogen acids and by nitric acid, while 
potassium acetate and hydrochloric acid caused an increase in the solu- 
biliDy of tartrate. These effects were ascribed to the different degree 
of ionisation of the added salt. 

From measurements of the solubility of mercuric chloride, bromide, 
and iodide, and of iodine in carbon bisulphide (vide Section V. A (i), 
1894) Arctowski^^^ was led to I'egard solutions as ill-defined molecular 
compounds of solute and solvent. He supposed that when one sub- 
stance does not dissolve in another it is because the two substances are 
incapable of forming such molecular compounds. He took great excep- 
tion to the view that water as a solvent is an inert siibstanco.^^® 

These conclusions were supported by the recorded work of 
Linebarger,^^^ wherein it is shown that mercuric chloride and sodium 
chloride combine together, ' giving a double salt which is soluble in 
ethylic acetate, and that the solubility of this complex is first of all 
decreased by the addition of small quantities of NaOl, and, as the 
amount of NaOl increases, the solubility of both salts becomes increased,' 

Holleman and Antusch contributed an extension of Bodliinder's 
work, making use of solid non-electrolytes dissolved in aqueous solu- 
tions of ethylic alcohol. Among the substances used may be mentioned 
p-acettoluidide, a-acetnaphthalide, and also phenylthiocarbamido : 
Bodlander’s * formula was not found to hold for these cases. On the 
addition of water to the alcohol the solubility usually underwent a 

' * .To tMs Bodliirder ^ replied that in some cases he found from BfpTleman and 
vahies that his formula did hold provided the substance was: only soluble 
aleo^ ,, ' 
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marked increase, a maximum was reached, and then the solubility 
decreased. These results are regarded as being out of harmony with 
Nernst's views of the mechanism of solution, and certainly with the 
view that no attraction exists between solvent and solute. 

Q p. The interesting observation of Pictet that the presence 
^ of a volatile solvent renders a non-volatile substance completely 
volatile, also appears to favour this view of the part played by the 
solvent. 

In consequence of Arrhenius* criticism of the previous work, and the 
conclusions drawn from applying the law of mass action to the study of 
saturated solutions, Noyes and Abbot proceeded to verify the prin- 
ciple of solubility influence. They employed sparingly soluble salts — 
the chloride, bromate, and thiocyanate of thallium — and were able to 
advance proof of the following: — 

(i) The quantity of a dissolved undissociated salt with which a 
solution is saturated remains constant when a second salt is added. 

(ii) The product of the quantities of the two ' ions * remains the 
same. 


The study of the influence of salts in solution on the solubility of a 
gaseous non -electrolyte, carried out by Jahn and his pupils, enabled 
this author to formulate the following law correlating solubility of a gas 


and the concentration of the salt solution, in which 

MVa 

a' is the absorption coefficient in salt solution, a the absorption co- 


efficient. in water,, and M the number of molecules of salt in unit 


volume of solution. 


In Van LaaPs theraiodynamical investigation of the formula 
representing solubility changes, he considered the effect produced by the 
molecules of the solvent existing as associated aggregates. 
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Ii£'port on Gaseous Combustion. 

By William Arthur Bone, D.Sc., Ph.D., F.R.S. 

[Ordered by the General Committee to be printed in eortp.vtio.] 

[Plate VII.] 

[This Report aims at summarising the results of the principal researches upon the 
chemical aspects of gaseous combustion during the past thirty years.] 

Synopsis. 

Introduction. — The earlier work of Davy and Bunsen. The latter’s erroneous 
assumption of ‘discontinuity* in gaseous combustion. The new era inaugurated 
by the investigations of Mallard and Le Chatelier, Berthelot and Vieille, and of 
H. B. Dixon and H. B. Baker. 

Section I. Ignition Tem'peratures and tht Initicd Phases of Gaseous Explo- 
sions . — ^Slow combustion below the ignition-point. Recent determinations of igni- 
tion temperatures by H. B. Dixon and H. F. Coward. Rates of ignition. Photo- 
graphic researches of Mallard and Le Chatelier and of H. B, Dixon and his pupils 
upon the initial phases of gaseous explosions and the influence of reflected 
compression waves in accelerating combustion and determining detonation. ^ Dis- 
covery of * retonation * and its bearing upon the question of residual or continued 
combustion in gaseous explosions. 

Section II. The Explosion Wave. — ^Discovery by Berthelot and Vieille of 
‘detonation’ (Vonde explosive) in gaseous explosions. Theories advanced By 
Berthelot, H. B. Dixon, and D. L. Chapman respecting rates of explosion. 
Influence of inert gases upon rates of explosion. Inferences to be drawn from 
observed rates of explosion respecting the combustion of gaseous carbon and 
of hydrocarbons. 

Section III. The Pressures produced in Gaseous Explosions. Experiments 
by Bunsen in 1867, by Mallard and Le Chatelier in 1883, and by Berthelot and 
Vieille in 1885. Discussion of the reasons why the maximum pressures ordinarily 
observed in gaseous explosions are always considerably less than those calculated 
on the supposition of adiabatic conditions and the constancy of the specific heats 
of the products. Evidences that (1) increases in the specific heats of steam 
and carbon dioxide with temperature, (2) continued combustion, and (3) loss of 
heat by direct radiation from explosion flames, affect the maximum pressures 
observed. Possible influence of dissociation. 

Section IV, The Influence of Moisture upon Combustion . — ^Discovery by 
H. B. Dixon of the non-inflammability of a thoroughly dried mixture of carbon 
monoxide and oxygen. H. B. Baker’s researches. Instances in which gaseous 
combustion is apparently independent of the presence of water vapour. Theories 
respecting the function of steam in combustion. 

Section V. The GornSustion of Bydrocarbons . — ^Disproof of the older ideas 
of preferential combustion^ whether of hydrogen or of carbon. Theory of the 
intermediate formation of ‘oxygenated’ or ‘ hydroxylated ’ molecules in hydro- 
carbon combustion as suggested by the author’s researches. Schemes representing 
the combustion of typical hydrocarbons. Presence of water vapour not essential 
in hydrocarbon combustion. Outward differences between the partial combustion 
of olefines and paraffins. The much greater affinities of hydrocarbons as com- 
pared with hydrogen or carbonic oxide for oxygen at high temperatures. 

Section VI. The Influence of Bot Surfaces upon Gomhustion . — The earlier 
re^rches and theories of Davy, Dulong and Th4nard, William Henry, Thomas 
Graham, Dobereiner, Pusinieri, Faraday, and De la Rive. Surfaces as accelerators 
of gaseous combustion. TEe factors operative in * surface combustion ’ as revealed 
by recent investigations. The ‘ activation ’ of hydrogen by heated surfaces. The 
electrical condition of surfaces during surface combustion. 
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Introduction. 

The era in the scientific investigation of gaseous combustion with which 
this Eeport is specially concerned was inaugurated some thirty years 
ago by the pioneering researches of the French savants Mallard and 
Le Chatelier, and M. Berthelot, on the initial stages of * inflammation ’ 
and the setting up of ' detonation ’ in explosive mixtures, and by the 
equally fruitful discoveries of H. B. Dixon and H. B. Baker concerning 
the pax't played by steam in combustion. Previous knowledge of the 
chemistry of fire had been juainly derived from the researches of Davy 
and his contemporaries (1815 to 1825), and those carried out or inspired 
by Bunsen some fifty years later. Davy's work, primarily undertaken 
in order to elucidate the causes of explosions in coal-mines, had disclosed 
and brought within range of experimental inquiry the broad facts con- 
nected with the ignition of explosive mixtures, the influence pf narrow 
passages and of cold surfaces in extinguishing flames, the relative * com- 
bustibilities ' and ' explosion limits ' of inflammable gases, and the 
effects of rarefaction and dilution upon gaseous combustion. Finally, 
his notable discovery of the flameless combustion of hydrogen and of 
coal-gas in contact with a glowing spiral pf platinum, followed by the 
more systematic investigations of Dulotlg and Th^nard, had drawn atten- 
tion to the * intensifying ’ influence of hot surfaces upon combustion, the 
importance of which has perhaps never been fully appreciated. 

But the work of Davy, standing as it does between the ages of 
Lavoisier and Clausius, and singularly fruitful as it was in its immediate 
practical results, gave rise to no great theoretical developments. Soon 
after his death the path of progress became choked with error; there 
arose the dogma of the selective combustion of hydrogen in hydrocarbon 
flames, which, although inconsistent with Dalton's experiments on the 
partial combustion of ethylene and methane, continued to dominate 
chemical science for more than half a century. There is no evidence that 
Davy Mmself ever countenanced this doctrine, but it possibly may have 
been suggested to his immediate successors by his miataken views con- 
cerning the much higher combustibility of hydrogen as compared with 
hydrocarbons — a notion which is still widely prevalent. 

Bunsen's researches upon gaseous combustion, whilst they did in- 
calculable service to chemistry and metallurgy in introducing exact 
methods of gas analysis and in elucidating the reducing action of carbon 
monoxide in the blast* furnace, unfortunately gave rise to certain 
misconceptions, due to unsuspected errors in the experimental metliods 
employed. His experiments on the division of oxygen between carbon 
monoxide and hydrogen, which were originally undertaken to test the 
law of mass action, are now recognised to have been vitiated by the fact 
that he worked with uudried gases in a ‘ wet * eudiometer. From his 
results, however, he concluded that the condition of equilibrium in such 
a case is determined by, an assumed tendency to form, certain ‘ hydrates 
of parbon dioxide,’ and undergoes discontinuous alteration on gradual 
rdative proportions of the combustible gases originally 
pesesi. , iBut whilst this conclusion was afterwards disproved by the 
independent researches of H. B. Dixon and Horstmann, t^e underlying 
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notion of ‘ discontinuity ’ or variation 'per salium in regard to gaseous 
combustion is still occasionally met with in technical literature. 

A similar error crept into Bunsen’s interpretation of the results of his 
measurements of the pressures produced wlien either hydrogen or carbon 
monoxide is exploded with half its own volume of oxygen at atmospheric 
pressure in a closed vessel. He contended that, in either case, one-third 
only of the gases combine in the first instance, whereby the temperature 
of the system is raised to some point between 2844® and 3033® ; that it 
then falls by radiation to 2558®, between which point and 1146® a 
further one-sixth of the mixture combines, leaving the remaining half 
to burn as the system cools down to the ordinary temperature. This idea 
of combustion per saltmi was revived again by von Oettingen and von 
Gernet in 1888, in connection with their photographic researches on the 
explosion of electrolytic gas,' but it .has been clearly proved by H. B. 
Dixon that their observations can be explained on other grounds. 

Bunsen’s first measurements of the rates at which flames are pi'opa- 
gated in gaseous mixtures (namely, 34 metres per second for a mixture 
2 H 3 + O 2 , and 1 metre per second for a mixture 200 + Og) have since been 
shown to apply only to the initial stages of an explosion, where the gases 
combine with relatively very slow velocities compared with those charac- 
teristic of * detonation.’ It was in the year 1881 that Berthelot, and 
independently Mallard and Le Cliatelier, announced the discovery of the 
rapid acceleration of the initial velocity of inflammation and the final 
attainment of the enoimiously higher constant \ielocity of the ‘explosion 
wave* ’ 

Section I . — Ignition Temperatures and the hiilial Phases of 
Gaseous Explosions. 

Chemical change may be determined in a gaseous explosive mixture 
at a much lower temperature than its ignition point. Thus, if electro- 
lytic gas be heated in a sealed bulb to a temperature somewhat higher 
than 400®, the formation of steam can usually be detected after a lapse 
of a few days. Between 450® and 500® the rate of combination, although 
considerably greater, would still be insufficient to cause any self-heating 
of tlie mixture. If, however, the temperature of the enclosure be 
further slowly raised, a point (probably about 650®) would soon be 
reached at which self-heating of the mixture would begin ; its tempera- 
ture would thus be raised above that of the enclosui^e, and the rate of 
combination rapidly accelerated until explosive combustion would be set 
up. The precise temperature at which this would occur would obviously 
depend upon the amount of slow combustion which had taken place 
during the preliminary heating-up of the mixture. Thus it follows that 
the only way of determining the true ignition temperature of such a 
mixture, undiluted by the products of its own slow combustion, would 
be either to make the preliminary heating-up period negligibly short, 
or, better still, to heat separately the combustible gas and the air or 
oxygen to the ignition temperature before allowing them to mix. 

The work of Victor Meyer and his pupils,^ as also that of Holier® 
^ Anncdm der Phys. mid Cheniie, 33, 58(i. 

a jBen, 1892, 25, 622 ; 1893, 26, 2421 ; ZeiL Phys. Chem., 1893, 2, 28. 

Ann, Chim. Pkys.^ 1897 rvu.], 10, 521. 
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and Emicli, ^ which, yielded very discordant results for the ignition tem- 
2 )eratures of mixtures of the commoner inflammable gases with oxygen, 
doubtless suffered from the large amount of flameless combustion which 
occurred before the temperature of the mixture as a whole had been 
raised to the true ignition-point. 

Quite recently, however, H. B. Dixon and H. F. Coward, ^ using an 
apparatus in which the combustible gas and air or oxygen were separately 
heated to the temperature of the enclosure before being allowed to mix, 
have succeeded in fixing, within narrow limits, the ignition tempera- 
tures at atmospheric pressure of a number of gases. In the cases of 
hydrogen, carbon monoxide, and acetylene, the ignition temperatures 
were practically the same in air as in oxygen, thus : — 

In Air In Oxygen 

Hydrogen .... 580^-690'' 580^-^590° 

Carbon monoxide (moist) . 644®— 058° 637°— 658° 

Acetylene .... 406° -440° 416° -440° 

In most other cases, however, the limiting temperatures observed in 
air were higher than in oxygen, thus : — ■ 

In Air In Oxygen 

Methane .... 650°— 750° 556°— 700° 

Ethylene .... 542°-547° 600°-519° 

Cyanogen .... 850°-862° . 803°-818° 

Another notable fact is that in an homologous series of hydrocarbons 
the limiting ignition temperatures appear to fall as the series is ascended. 
Thus we have (in oxygen) : — 

Methane, 556° — 700° ; Ethane, 520° — 630° ; Propane, 490° — 570°. 

During 1906-07 K. G. Falk, ^ acting on a suggestion by Nernst, en- 
deavoured to determine the ignition points of various mixtures of 
hydrogen and oxygen by compressing them in a steel cylinder by means 
of a weight falling on a piston. Assuming that (1) the mixture was 
heated adiabatically and uniformly throughout its whole mass until it 
reached the ignition point, (2) that the whole then detonated instanta- 
neously, and (3) that the downward movement of the piston was arrested 
at the moment of ignition, he calculated the ignition temperatures under 
adiabatic compression shown in the table given below. 

H. B. Dixon, ^ in a recent criticism of Falk’s assumptions, contends 
that whilst (1) may be in certain cases practically true, (2) and (3) 
cannot be allowed, and also that Falk’s results are unreliable on account 
of his having neglected to stop the descent of the piston the moment the 
gases were brought to the true ignition point. Adopting this necessary 
precaution, Dixon has repeated Falk’s experiments, with results which 
compare as follows when y is assumed to be 1*40 in all cases : — 

1 MomUch., 1900, 21, 1061. 

® Trans, CUm. Soc„ 1909, 95, 514. 

® Sowm. Armr, Ghem, Soc., 28, 1517 ; 29, 1536. 

* Trans, Ohem. 8oc., 1910, 97, 674. 
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Ignition Temperature 
under Adiabatic Compression 


Mixture Falk Dixon 

4B:2+02 605° — 

2 H 2 +O 2 640° 536° 

Ha+Oa 514° 530° 

H 2 + 2 O 2 530° 520° 

H 2 + 4 O 2 671° 507° 


Using the specific heats of hydrogen and air found by Joly under high 
pressures, Dixon calculates the ignition-point of electrolytic gas to be 
557^ from his experiments on adiabatic compression. From Dixon's 
results it would also appear that successive additions of oxygen to 
electrolytic gas regularly lower the ignition-point. 

We are principally indebted to the photographic researches of H. B. 
Dixon and his pupils ^ for the most notable recent additions to our know- 
ledge concerning the initial phases of explosion and the phenomena 
associated with the setting up of ‘ detonation ' in gaseous mixtures. The 
first investigators to use a photographic method were Mallard and 
Le Chatelier in their researches on the initial phases of gaseous explo- 
sions.® They recorded the movement of the flame along a horizontal 
glass tube on a sensitised plate moving vertically, thus obtaining a graph 
compounded of the two velocities. Failing to obtain any satisfactory 
records with such feebly luminous flames as those yielded by mixtures 
either of carbon monoxide or of hydrogen with oxygen, they employed 
mixtures of carbon disulphide with either oxygen or nitric oxide, which 
they regarded as typical of all ‘ oxygen ’ or * air ' mixtures respectively. 

The behaviour of these mixtures was found to differ* according as 
they were ignited near (a) the open or (b) the closed end of a tube. In 
the case of (a) the flame proceeded for some distance down the tube at 
a practically uniform velocity, which is the true rate of propagation * by 
conduction'; with the mixture OSg + BNO this state was succeeded by 
an oscillatory period, the flame swinging backwards and forwards with 
increasing amplitudes, and then either dying out altogether or giving rise 
to ' detonation ' ; with the oxygen mixtures the initial period of uniform 
slow velocity was shorter, and appeared to be abruptly succeeded by 
detonation without the intervention of any oscillatory period. When 
the nitric oxide mixtures were ignited near the closed end of the tube, 
the forward movement of the flame was uniformly accelerated until 
detonation was set up. 

According to Le Chatelier the following numbers represent in metres 
per second the true initial rates of inflammation of the propagation 
of the flames * by conduction *) for various mixtures : — 



Hydrogen and . 

Air. 



Hydrogen, per cent. 

. 10 

20 

30 40 50 

60 

70 

Metres, per sec. 

. 0-60 

1*95 

3*30 4-37 3*45 

2*30 

MO 


Methane and Air. 



Methane, per cent. 

. 6 

8 

10 12 

14 

16 

Metres, per sec. 

. 0-03 

0*23 

0*42 0*61 

0*36 

0*10 


^ PhiU Trans., 1903, Series A, 200, 315. ® A-’i^milss des Mines, S6r.,4. 
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Acptylen^ arid Air. 


Acetylene, per cent. . , 2*9 

6 7 9 

15 

22 40 

CO 

64 

Metros, per sec. 

. (VI 

2 4 6 

3 

0-4 0-22 

0-07 

o-ns 


Coal Gas and Air, 





Gas, per cent. 

, . . 8 

10 12 

14 

15 17 

20 

24 

Metres, per sec. 

. . . 0*30 

0-50 0*72 

003 

1-05 1’27 

0-80 

0-t(l 


Oxygen Mixtures. 






200 -1- Oa 

. • 2 metros per sec. 




2 H 2 + Oa . 

, . 20 


a 




CS'a 30a 

. * 22 

»» 

9r 




OaHa + 2|Oa 

. . 200 

»» 

»» 




It should be noted that for mixtures of the same gas with various pro- 
portions of air, the initial rate of inflammation attains a maximum when 
the combustible gas is present in considerable excess of that required for 
perfect combustion. 

H. B. Dixon’s experimental method consisted in photographing the 
explosicxn flame travelling along a hnrixiontal tube on a highly sensitive 
film rotated vertically with a constant high velocity (varying, however, 
between twenty -five and fifty metres per second in different experiments), 
the explosion tube being placed at such a distance from the camera that 
the size of the image was about one-thirtieth that of the flame. In this 
way it was found possible to analyse the progress of an explosion from 
its point of origin up to the final attainment of its maximumi force and 
velocity in * detonation, ’ The investigation also included the discovery of 
the wave of * retonation^* which is thrown back through the still burning 
gases from- the point where- detonation starts (a phenomenon also in- 
dependently discovered by Le Ohatelier in 1900), of theefiects of collision 
between two explosion waves, and of the passage of reflected waves 
through the hot products of explosion. 

The phenomena associated with the development of an explosion in 
a gaseous mixture, fired in a closed tube by a spark passed between 
wires a lew inches from t|)fe cdosed end, are very clearly shown in the 
photograph reproduced %, 1 (Plfrte VII.), which is analysed in the 
diagram Ig. 2 (Plate VII*.). This photograph was taken during an experi- 
ment in which carbon disulphide was exploded with a quantity of oxygen 
represented by the expression OSa+SOg. The flame, in starting at the 
point O, sends out invisible compression waves in both directions along 
the tube, which travel in advance of the flame with the velocity of sound 
through the uiiburnt gases, as represented by the dotted lines 0 M, 0 N 
ill the diagram. The flame itself, travelling at first more slowly than 
(ihe compression waves, traces the curves 0 A and 0 B. The compres- 
sion wave 0 N, on reaching the closed end of the- tube, is reflected back 
again as N 0, and, on meeting the flame (which is still travelling in the 
direction 0 A), retards it, and passes thence through the hot and probably 
still burning gases as ihe visible wave 0 D. An instant later it overtakes 
at D the front of the flame, travelling in the direction OB, thereby 
accelerating it and increasing its luminosity in consequence of the 
S combustion. The flame then continues to move forward with 

velocity until * detonation ’ is set up at the point E. 
luminous wave of compression E G (the "retona- 
’ backwtois through the still burning gases, which, on 



British Association^ SOtli Uei^orti Shefflrldy 1910.] [Plate VII. 
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reaching the near end of the tube, is reflected back again as G H. The 
* detonation wave ’ B B passes onwards through the mixture with its 
characteristic uniform high velocity and intense luminosity. Pig. 3 
(Plate VII.) is a similar photograph -showing the development of ‘detona- 
tion ' and the phenomenon of ‘ retonation " in the case of a mixture of 
cyanogen aiid oxygen (OaNg+Oa) fired near the closed end of a tube. 

Except in special circumstances (c.p., when it is reinforced by 
another reflected wave) the velocity of the retonation wave is always 
inferior to that of detonation ; thus Le Ohatelier gives 2,990 metres per 
second for the ‘ detonation wave ' and 2,330 metres per second for the 
‘ retonation wave ’ in an equirnolecular mixture of acetylene and oxygen. 
When, however, the ‘ I’etonation wave ’ is developed just at the closed 
end of a tube (e.p., when the explosive mixture is feed at such a distance 
•from the closed end that ‘ detonation ’ is set up just as the flame arrives 
at the end) it may be reinforced by a reflected wave, in which case its 
velocity cannot be distinguished from that of a true ‘ detonation.’ 

The explanation of the intense luminosity of the retonation wave, 
and its higher velocity than sound through the exploded gases, is to be 
found in the fact that the combustion during the initial stages of an 
explosion is very much slower than when detonation is set up. Under 
the extreme conditions of ‘ detonation ’ the temperature of each succes- 
sive layer of the explosive mixture is suddenly raised to the ignition 
point by adiabatic compression, and it is probable that a large proportion 
o£ collisions between chemically opposite molecules are fruitful of 
change. The whole combustion is probably completed in an immeasur- 
ably short interval of time, as the result of a comparatively limited 
number of successive molecular collisions, But during the initial period 
of the explosion (‘ inflammation *) not only is the flame propagated with a 
much slower velocity, but also the actual process of combustion is much 
more prolonged than in detonation, and at the moment when detonation 
is set up combustion is still proceeding in the layers of gas for some 
distance behind the flame-front. The * retonation ’ wave, in passing 
backwards through these layers, quickens this residual combustion, and 
is itself thereby rendered highly luminous. This interpretation is sup- 
ported by the repeated observations of Dixon that the collision of two 
flames, m neither of which * detonation ’ has been determined, will 
frequently give rise to reflected waves more rapid and more luminous 
than the incident waves. There can be little doubt as to the important 
part played by reflected waves in determining the violent shattering 
efiects associated with gaseous explosioiis on a large scale. 

Section II. — The Explosion Wave. 

Berthelot and Vieille, in announcing their discovery of the develop- 
ment of denotation (* Tonde explosive ’) in gaseous explosions,^ described 
it as * une certaine surface rigulaire, oi^ se diveloppe la transformation^ 
et qui realise tin mime itat de combinaison, de tempirature^ da pressure y 
etc. Cette surface^ une fois produiie, se propage ensuitOy de couche en 

1 Ann. Ghim. Phys., 1881 [5], 28, 289* 
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couche, dans la masse tout entiere, par suite de la transmission des 
chocs successifs des moUcules gazeuses amendes d mi Hat vibratoire plus 
intense en raison de la chaleur digagde dans leur comhinaison^ et trans- 
form ces sur place, ou, plus exaotement, avec un faible deplacement 
rclatif . . / Such conditions are comparable with those of a sound 
wave passing through the gaseous mixture, with, however, the im- 
portant difference that, whereas a sound wave is propagated from layer 
to layer with a small compression and a velocity determined solely by 
the physical condition of the vibrating medium, it is an abrupt change 
in chemical condition which is propagated in the explosion wave, and 
which generates an enormous force as It passes through each successive 
layer of the medium. Berthelot considered that the mean velocity of 
translation of the molecules of the products of combustion, retaining the 
total kinetic energy corresponding to the heat developed in the reaction, 
may be regarded as the limiting maximum rate of propagation of the 
explosion wave {&), which. \vould be given in metres per second by the 
equation. 



where T is the absolute temperature and p the density of the products 
referred to air. In calculating T, Berthelot made two erroneous 
assumptions — namely, (1) that the specific heats of the products are 
independent of temperature and equal to the sum of the specific heats of 
the reacting gases, and (2) that the gases burn under conditions of 
constant pressure. He was also of opinion that, owing to the high pres- 
sures generated, dissociation plays no appreciable part in the phenomena 
of the wave. 

In their experimental work Berthelot and Vieille proved that the 
velocity of the explosion wave is independent of the length of the column 
of gas traversed, and of the material or diameter of the tube employed 
(at least above a certain small limiting diameter). It was also im- 
material whether the tube was laid out straight, coiled round a drum, or 
even zigzagged. They also concluded that the velocity is independent 
of the initial pressure, but this is not strictly correct, as H. B. Dixon 
has since shown. The rate increases slightly with the initial pressure, 
attaining a nearly constant value at a pressure of about two atmospheres. 

H. B. Dixon, the bearing of whose researches upon the ques- 
tion of the mechanism of combustion will be discussed later, 
raodifi^ed Berthelot's theory in the following particulars:^ namely, 
by assuming (1) that the explosion wave is carried forward by move- 
ments of molecules of density intermediate between that of the 
products of combustion and that of the unburnt gas ; (2) that the gases 
are heated at constant volume; (3) that the temperature of the gas 
propagating the wave is double that due to chemical reaction alone; 
(4) that the temperature is increased when the chemical volume of the 
products is larger, and diminished when it is smaller, than that of the 
unbumt gases ; and (5) that the velocity of a sound wave is only 0*7 of 

^ The reader is referred to the original memoir in the PML Tram,^ 1893, 184, 97, 
for the details of the argument. 
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ilie mean velociiy of tHe molecules in the gas. Dixon's formula for the 
rate of explosion of a given mixture is, therefore, as follows : — 


t?=0-7x 29^*354 



where Q=the heat developed by the reaction, and tPi^the chemical 
volumes of the products and unburnt gases respectively, p = the mean 
density of the products and the unburnt gases, and Gv = the specific 
heat of the products at constant volume, which Dixon wrongly assumed 
to be independent of the temperature, T=the temperature in C°, and 
y = the ratio of the specific heats. 

But, whereas the values of v, calculated by this formula, do in many 
instances correspond with those actually found {e,g.f for mixtures of 
cyanogen and oxygen, and in nearly all cases where the detonating mix- 
ture is lai-gely diluted with an inert gas), there are a large number of 
cases of undiluted detonating mixtures in which the agreement is not 
good (e,g., for 2H3 + O2 the calculated value is 3,416, whereas that 
actually found is only 2,821 metres per second). Dixon ascribed such 
discrepancies to the partial dissociation of the products in the wave, but 
there is now little doubt that the formula does not hold good, as Dixon 
himself readily enough admits.^ Nevertheless for many years it was a 
valuable working hypothesis and inspired much fruitful investigation. 

In 1899 D. L. Chapman, following up a suggestion made by Schuster 
at the time when Dixon's memoir was published, ^ deduced a formula 
for rates of explosion from Eiemann's equation for the propagation of 
an abrupt variation in the density and pressure of a gas, on the assump- 
tion that such a variation can be propagated without change of type.^ 
According to this view the explosion wave is to be regarded as a wave 
of compression not in a homogeneous medium, but in a medium which 
is discontinuous in the vicinity of the wave-front. It is assumed (1) that 
the * front ' of the wave (i.a., from the unexploded gas to the point of 
maximum pressure) does not alter in character, or, in other words, rhat 
every portion of the wave travels with the same velocity ; (2) that the 
velocity is the minimum velocity consistent with (1) ; and (3) that at the 
point of maximum pressure the chemical change concerned in the propa- 
gation of the wave is complete. The unburnt gases immediately in front 
of the waves are, of course, fired by compression, and the abrupt varia- 
tion in the density and pressure of the medium is due to the chemical 
change. Chapman's formula for the velocity of the explosion wave in 
centimetres per second is 

w)Op-l-mOo}02)io+(C'p-hCi;)A], 

where E==the gas constant (1’985), J=the dynamical equivalent of 
heat (42 x 10® ergs), ft = the gram equivalents of the mixture exploded 
(e.p., 68 in the case of O3H2 + O3), n and m=the number of gaseous 

^ See his recent presidential address to the Chemical Society, Trans. Oh cm. 
Soc., 1910, 9Y, 665. 

Loc. c?7., p. 152. ® Phil. Mag.^ 1899, p. 90. 

1910. I 1 
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molecules before and after the chemical change in the wave, and C,y 
= the mean specific heats of the products at constant pressure and 
volume respectively, h = the total heat generated in the wave, and 
= the initial temperature (abs.) of the mixture exploded. From the 
fact that the dilution of electrolytic gas (^Hg + Oa) with oxygen 
lowers its rate of explosion a little more than a corresponding dilution . 
with nitrogen, Chapman considers it improbable that there is any 
appreciable dissociation of steam in the wave. He assumes that the 
molecular heat of steam rises more rapidly with temperature than that 
of a diatomic gas, and that the molecular heats of oxygen, hydrogen, 
nitrogen, and carbon monoxide may for all practical purposes be con- 
sidered as equal at any given temperature. Selecting some seventeen of 
Dixon’s found rates of ex|>losion, he has calculated by means of his 
formula the corresponding molecular heats and temperatures, arriving 
at the following results for Oi> at intermediate temperatures by inter- 
polation: — 

Temperatm-e . . 4300*" 4000° 3700° 3400° 3100° 2800° 2500° 

^ ( Steam . . . 14*750 14-297 13-760 13-102 12*250 11-040 9*797 

Diatomic gases . 7*707 7*674 7*641 7*608 7*576 7*542 7*609 

With the aid of this series of numbers he proceeded to apply his formula 
to the calculations of the rates of explosion of some forty other mixtures 
investigated by Dixon, finding in all cases close agreement between the 
found and calculated values, of which the following may suffice as 
examples : — 


Mixture exi^odecl 

Products iu the Wave 

Temp. 

Rato of 1 
Metres p 

Calculated 

Ixplosiou, 
er Second 

Found 

2Ha4-2N20 

2 H 204 - 2 N 2 

3813° 

2,408 

2,305 

4H!a-p2N20 

2HaO+2N2+2Ha 

3077° 

2,604 

.2,645 

6 H2+2 NjO 

2HaOH-2Na-h4H2 

2612° 

2,720 

2,705 

3Ha+2N30H-2Na 

2H20-p4Na 

3077° 

2,097 

1,991 

0aH4“f"20a 

2COH-2HaO 

4366° 

2,619 

2,681 


200+2HaO-fOa 

3882° 

2,348 

2,368 

QiHa+Oa 

200-fHa 

6029° 

3,101 

2,96] 

OHi+Oa 

CO-fHaO-FHa 

2772° 

2,502 

2,528 

20HH-30a 

2 OO+ 4 H 3 O 

3764° 

2,485 

2,470 

20Hi+30a+Na 

2CO+4HaO-hNa 

3613° 

2,353 

2,349 


A characteristic feature of detonation is the extremely short duration of 
chemical action and subsequent rapid cooling of the products, as compared 
with ordinary combustion. Some years ago the writer, working in con- 
junction with Bevan Lean, under Professor H. B. Dixon’s direction, 
found by a photographic method that the duration of luminosity in each 
successive layer of gas in the detonation of electrolytic gas is certainly less 
than second,^ a much shorter interval of time than was ^fequired to 
shatter a tube of thin glass attached to the end of the explosion coil used. 
This tube, although invariably smashed by the force of the explosion, 
^ Brit Assoc, Eeport, 1892, 
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always appeared perfectly intact in the photograph. Dixon's subsequent 
photographic researches have demonstrated the abrupt suddenness 
with which the gases attain the maximum temperature in detonation, 
the intensity and short duration of luminosity, and the subsequent rapid 
cooling, as compared with ordinary combustion. Moreover, high as 
is the temperature attained, there is no evidence of any considerable 
dissociation of steam in the wave, for, despite the instantaneous cooling 
of the products, there is less than one per cent, of the gases left uncom- 
bined after the wave has passed through electrolytic gas ( 2 H 2 -i-Og). 


Influence of an Excess of an Inert Gas Ufon the Rate of Explo- 
sion , — ^Writing Chapman’s formula as follows: — 

’^=-S[{(m-»)Qp+mC»>}OA+(Cjj+C„)A] 

, . 2RJ 

and putting =A, and the terms between the square brackets = B, 

it will be immediately perceived that the addition of an inert diatomic 
gas (e.g.j Hg, N 2 , or Ol) to a given explosive mixture will affect the 
values of both A and B, but not necessarily in the same direction. It 
will increase the value of and diminish the values of and Cp 
partly by lowering the temperature in the wave and partly also (if steam 
or carbon dioxide be formed in the wave) by reason of its own specific 
heat being lower than that of the undiluted products. It will also in- 
crease the value of m without altering (m — %)• If it be assumed that the 
molecular heats of the three diatomic gases under consideration are, for 
all practical purposes, equal at any given temperature, it will be at once 
seen that an equal dilution of a given explosive mixture, with any one of 
the three gases, whilst it will have an equal effect on all terms included 
under B, may either increase or diminish the value of A, according as to 
whether or not the plus effect of the lower value of Cv is counterbalanced 
by the minus effect of the increase in /a. If the latter effect be small, as 
would be the case with hydrogen as diluent, the value of A would on 
the whole be inci'eased; whereas if the increase in /a were large, as 
would be the case with nitrogen or oxygen as the diluent, the value of A 
would on the whole be diminished. 

As an example of the probable effects of the equal dilution of a given 
explosive mixture with each of the three gases in question, the case of an 
equimoleoular mixture of hydrogen and nitrous oxide, fired at 10*^ and 
760 mm., may be cited as follows: — 


Mixture 

h 

m 

n 

p. 

Cy 

Temp. 

A 

B 

V. ini 
per S 

Calcu- 

lated 

Metres 

econd 

Foimd 

II2+N2O * 

0 

4 

0 

92* 

10-81 

3813° 

15,640 

3,768,750 

2,426 

2,305 

H2+N2O-I-2H, 

s 

6 

0 

96 

!9-10 1 

3077° 

20,980 

3,261,600 

12,612 

2,545 

H«2+ N^O + 2N2 

of 

10 

6 

0 

148 

19-10 

3077° 

13,610 

3,251,500 

2,104 

1,991 

B[2"hNg[0*|" 2 O 2 

1-1 

6 

0 

156 

'9-10 

3077° 

12,830 

3,251,600 

2,042 

— 


I 1 2 
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An inspection of the figures under columns A and B will at once make 
it clear why, whereas dilution with hydrogen is invariably found to 
increase the rate of explosion of a given mixture, an equal dilution with 
nitrogen or oxygen invariably diminishes it, and also why the retarding 
influence of oxygen must always be greater than that of an equal pro- 
portion of nitrogen. The following examples, taken from Dixon’s 
memoir, may be cited in support of the above argument: — 


Effects of Dilution upon the Bate of Explosion of Electrolytic Qas. 


Mixture Exploded 
2H2-I-O2 . 

202“!" 02"1" 2II2 
2 H 2 H- 02 + 4H2 
2H2+ O2+ 6H2 
2H2+O2+ O2 
2H2+ O2+ 30*2 
2H2+O2+N2 
2H2+ O2+ 3N2 


Rate 

Metres per Sec. 
. 2,817 
. 3,268 
. 3,627 
. 3,632 
. 2,328 
. 1,927 
. 2,426 
, 2,055 


Effects of Dilution with Hydrogen upon the Bate of Explosion of Hydrogen and Chlorine, 

Mixture . . . H 2 +Cla . . 2H2+Cla . . 3H2+Cla 

, . . 1,729 . . 1,849 . . 1,865 metres per sec. 


The Burning of Gaseous Carbon . — Of the many important facts 
brought to light during the course of Dixon’s investigation none are of 
greater interest than those relating to the burning of gaseous carbon in 
the explosion wave, as illustrated by the case of cyanogen. In view of 
the fact that the molecular heat of combustion of cyanogen, when burnt 
completely to- carbon dioxide, is 259*6 kilogram 0. units, whereas, if Burnt 
to the monoxide, it would only be 123 units, it might Be expected that the 
rate of explosion for a mixture O3N2 + 2O3 would be much higher than 
for OaNg + Og, if gaseous carbon is primarily burnt to carbon dioxide in 
the wave. The exact opposite is the case, however, as fhe following 
results show ; — 


Mixture Products IRate 

CjNii+Oa . . 200+ Nj . . 2,7281 . 

OaNa+SOa . . 200a+N3 . . 2;321 ) 


Still more cogent is the evidence in favour of the initial formation of 
carbon monoxide in the wave, when the following figures are con- 
sidered: — 


Rate • 


C.2N2+ O2 
2,728 


C2N2+ O2+ N2 
2,398 


O2N2+O2+O2 

2,321 


The conclusion to be drawn from the preceding figures is that cyanogen 
is initially burnt to carbon monoxide and nitrogen in the wave itself, any 
excess of oxygen afterwards burning up the carbon monoxide as the 
gases cool down in the rear of the wave. 

This conclusion was driven home by Dixon, in conjunction with 
Strange and Graham, by photographing on a sensitive film, rotated at 
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a speed of about 1,600 metres per minute, the explosion flame in the 
case of the three mixtures (a) O2N2+O2, (h) 02N2+02+N3, and 
(c) 02N3-I-202. In each case the flame was photographed, after detona- 
tion had been set up, as it dashed past a glass window inserted 
into the lead explosion coil.^ The image obtained in the case of (a) 
showed an intensely brilliant flame (the explosion wave), slightly drawn 
out in tapering form ; in the case of (6), with nitrogen as diluent, the 
flame was less brilliant and somewhat more drawn out than in (a); but 
with (c) the flame, whilst no more luminous than in (&), was drawn out 
to great length, owing to the continued combustion of carbon monoxide 
in the rear of the wave. The following diagram, fig. 4 (approximately 
to scale), will convey an idea of the relative durations of the flames in 
the three cases; — 

{.S'Smoui 

(a) Mixture C’2/V'2+(?2 

- 25 / 77777 .- 
1 

iS'SffiffO 

ib) Mixture C2N 2-^02+ 

40 /nm ■> 

ic) 1 ---- < 

- 130 mm, 

Eig. 4. 

The Burning of Hydrocarbons in the Wave . — ^It was during the 
course of measurements of the rates of explosion of hydrocarbons with 
varying proportions of oxygen in 1891-92 that Dixon and his collabora- 
tors rediscovered facts (originally set forth by Dalton in his ‘ New System 
of Chemical Philosophy ’) which finally disposed of the dogma that in a 
deficient supply of oxygen a * selective ’ burning of hydrogen occurs. It 
was found that when either ethylene or acetylene is detonated with its 
own volume of oxygen the ultimate products consist almost entirely of 
carbon monoxide and hydrogen,® The rates of explosion, whilst they 
do not reveal the real mechanism of the combustion, show very clearly 
that, as in the case of cyanogen, the carbon of a hydrocarbon is burnt 
initially to the monoxide in the wave itself, the formation of the dioxide 
being an after-effect and* taking place in the rear of the wave. In the 
cases of methane and acetylene the fastest rates are observed with 
equimolecular mixtures, whereas with ethylene the rate increases with 
the proportion of oxygen up to the limit O2H4+2O2. As the question 
of the mechanism of hydrocarbon combustion will be fully discussed 
later, the following rates of explosion, as determined by Dixon, may 
now be given without further comment : — 

(A) MefhaTie and Oxygen in Varying ProjprtionSf fired at 10*^ and 760 mm. 
Mixture . CH4-f02 CH4+2O2 CH4+3O2* OH4+4O3 

2,628 2,470 2,322 2,146 1,963 

]p0r S0C> j 

* Compare this with the 2,164 metres per sec. observed for 0H4-l-l-i0.2-i-liN2 
as showing the inertness of at least the moiety of the oxygen in the wave. 

' Trans. Chem. Soc., 1896, 69 , 759. 

Vide Lean and Bone, Trans. Ghem. 8oc., 1892, 61, 873, and Bone and Gain, ihid., 
1897, 71, 26. 
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(B) EOtyUne and Oxyg&n in Varying Proportions, fired at 10° and 760 rmn. 

Mixture . OsHi+Oi CaHi+20a G^jHi+SO./ CaHi+lOa O3H4+6O, 

Bate iu metres 1 g go7 2,581 2,368 2,247 2,118 

per sec. j ^ ’ 

* Compare this with the 2,413 metres per sec. observed for 02H4'■|~202^'N2. 

(0) Aceti/hm and Oxygm in Varying Proportions, fired at 10° arid 700 mm. 
Mixture . GAA-llO,, C 2 H 2 + 2 JO 2 * 

2.918 2,716 2,391 

^ Compare this with the 2,414 metres per sec. observed for 02H2“i-li02-|-N2. 


Section III . — The Pressures produced by Gaseous Explosions. 

Many investigators, from the time of Bunsen’s well-known experi- 
ments in 1867 onwards, have measured the pressures produced in 
gaseous explosions, with doubtless considerable success so far as what 
ma"y be termed the mean effective pressures are concerned. As the 
subject is at present engaging the attention of a Oomniittee appointed 
by the Association in 1907 any lengthy reference to it in this report 
may seem superfluous. Nevertheless, if only for the sake of complete- 
ness, a brief resume of our present knowledge may not be out of place. 
The explosion vessel employed by Bunsen was a stout glass tube 
8'15 cm. long, 1‘7 cm. internal diameter, and of 18 c.c capacity. It was 
closed by a suitable valve, the load on which could be adjusted until it 
was just lifted when the explosive mixture was fired by means of a 
powerful spark passed along the axis of the tube. Bunsen considered 
that the combustion would occur under adiabatic and ‘ constant volume ’ 
conditions, and he identified the rate of ignition of a particular mixture 
with that of the completion of chemical change. 'In calculating from his 
results the corresponding flame temperatures he assumed the constancy 
of the specific heats of steam and carbon dioxide. Binding that the pres- 
sures recorded in the cases of electrolytic gas and of a mixture of carbon 
monoxide and oxygen in their combining proportions (namely, 9*6 and 
101 atmospheres respectively) were somewhat less than one-half of 
those theoretically required on the above assumptions, he concluded 
that ill each case combustion had proceeded per saltum, owing to the 
supposed theoretical flame temperatures exceeding the limits at which 
steam and carbon dioxide respectively are completely dissociated. 
The problem was again attacked independently by Mallard and Le 
Ohatelier in 1883,^ and by Berthelot and Vieille in 1885.^ The last- 
named fired various gaseous mixtures at atmospheric pressure in a 
spherical iron bomb, measuring the effective pressures by the movement 
of a light piston working against a spring in a tube attached to the bomb. 
In order to gain some information respecting the possible cooling influ- 
ence of the walls upon the effective pressures recorded, three bombs 6f 
different capacities — ^namely, A of 300 c.c., B of 1,500 c.c., and 0 
of 4,000 c.c. — ^were employed. The results, expressed in each case as 
atmospheres in excess of the atmospheric pressure, were as follows : — 

^ Anmtks dea Mirm, Sea viii., voL 4. ^ Ann. Ohim. Phys, [vi.], 4, 13. 
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Bomb 

A 

B 

C 

Capacity in cm.^ . . . ... 

300 

1,500 

4,000 

Surface in cm.- 

216 

648 

i ;220 

Surface per unit volume . . • . 

0-72 

0*43 

0-33 

Diameter in cm. .... 

6*0 

14*2 

21*7 

Length of firing piece in cm. 

6*3 

5*3 

G*3 

Travel 

of flame before reachins 




the piston in cm 

9*1 

10*3 

24*8 



Atms. 

Atms. 

Atms. 

S’? 

2 B[ 2 “i "^2 .... 

7*41 

9*69 

9'80\ 03 


2 C 0 -h 02 .... 

9*29 

9*93 

10-21 2 


OK^+20^ .... 

13*94 

14*81 

16-31 f 1 


C 2 N 2 -I-O 2 .... 

— 

— 

25-11 g 


C 2 N 2 “i -202 .... 

— ' 

— 

20-96/ ^ 

Time required for flame to travel from 




the firing piece to piston of indicafcn\ 




/ 2 H 9 +O 2 .... 

0*00104 sec. 

— 

0*00214 sec. 


“ 12 CO +03 .... 

0*01286 see. 

— 

0*01551 sec. 1 


Perhaps the most notable feature about these results is the smallness 
of the difference between the pressures observed with bombs A and 0 
in any particular case. These di:Eerences might at first sight be attri- 
buted to the (supposed) much smaller cooling influence of the walls 
of the bomb 0 as compared with bomb A, but if this were the true 
explanation the difference should be greater with the slow-burning 
200 +O3 mixture than with the fast-burning 2H2+O2, whereas the 
opposite was the case. • Moreover the fact that dilution of the 
mixture 2H3-i-03 with twice its own volum.e of nitrogen almost 
obliterated the difference between the pressures observed in the 

cases of bombs A and C (the ratio ^ for the diluted being 0 . 95 , as 

against O ' 76 for the undiluted mixture) is all against the cooling theory. 
The more probable explanation is to be found in the fact that, owing to 
the much longer travel of the flame before it reached the piston of the 
indicator in bomb C as compared with A, the explosion would be in a 
more advanced phase of its development, and this would be most marked 
in the case of the fastest burning mixtures. Berthelot and Yieille assumed 
that in the above experiments completion of the combustion syn- 
chronised with the attainment of maximum pressure, and attributed 
the mai'ked disparity between the observed pressures (bomb 0) and those 
calculated from the heats of combustion (on the assumption of adiabatic 
conditions) to a rapid increase in the specific heats of steam and carbon 
dioxide at high temperatures. They considered it improbable that dis- ' 
sociation phenomena play any conspicuous part in limiting the pressures 
attained. 

Mallard and Le Ohatelier,^ w^ho used a Bourdon gauge for measuring 
pressures and applied a * cooling correction ’ to their results, arrived at 
practically the same conclusion as Berthelot and Vieille ® respecting both 
^ Loc, cit ^ Ann. CMm. Phys. [vi.l, 4, 13. 
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the increase of the specific lieats of steam and carbon dioxide with, 
temperature and the small if not negligible influence of dissociation. 
They calculated that the temperature of the flame when moist electro- 
lytic gas is exploded in a closed vessel at atmospheric pressure is about 
3350®, and that the mean molecular heat of steam at constant volume 
between 0® and 3350® is 16‘6. In the case of the mixture 200-1-02 
they concluded that the molecular heat (0^) of carbon dioxide rises 
to 13’6 at 2000®, above which temperature dissociation comes into 
play. 

The experience of all subsequent investigators has confirmed that 
of Bunsen and the French savants, in so far as the facts of the case 
are concerned. It may be taken as commonly agreed that the maximum 
effective pressures recorded when gaseous mixtures are fired in closed 
vessels are always considerably less than those calculated on the 
assumption that the whole heat of combustion is communicated without 
loss to the products, and that the specific heats of the products do not 
vary with temperature. Thus in the case of Mr. Dugald Clerk's 
experiments, where hydrogen and air mixtures were exploded at 
atmospheric pressure in a closed cylindrical vessel 21 cm. long, 
17*75 cm. diameter, and 5*2 litres capacity, the maximum pressures, 
recorded by a Eichards' indicator making a graph on a revolving drum, 
varied between about 50 and 60 per cent, of those calculated on the 
above assumptions, as follows: — 

Mr, Dugald Clerk's Experiments (1884-85). 

Vols. Air to 1 Vol. Hydrogen s 
^ 4 • 6 I 

Maximum pressure found . . 6-44 . . 6*63 . . 3*80 LAtmo- 

Maximum pressure calculated on spheres 

the above assumptions , . 13-0 . . 9*45 . . 7*0 j 

Another feature (since confirmed by many subsequent observers) 
brought out by Mr. Clerk’s experiments was the very short time required 
for the attainment of maximum pressure relative to the subsequent 
cooling period. Thus in the case of the mixture of 1 vol. hydrogen witli 
4 vols. air, the maximum pressure of 68 lb. per square inch above the 
atmospheric was attained in 0*026 sec., whereas the subsequent cooling 
period occupied 1*05 sec., or forty times as long. 

The great disparity between the found and ‘ calculated ' maximum 
pi'essures has been attributed by the various investigators concerned to 
one or other of the following causes, namely : — • 

1. To the marked increase in the specific heats of steam and carbon 
dioxide wth temperature. That this is a true cause is now generally 
admitted ; as, however, the subject was fully dealt with in the first report 
of the Committee appointed by the Association in 1907 for tlie 
investigation of gaseous explosions, it need not be considered in any 
detail here. 

2, To the fact that in ordinary gaseous explosions ^ where detonation 
has not been determined^ combustion is by no means instantaneous j and 
may not be completed within the period required for the attainment of 
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maximum pressure, Mr. Dugald Clerk put forward this suggestion as 
long ago as 1886 ^ in criticising the conclusions of Mallard and Le 
Ohatelier respecting the great increase in the specific heats of steam 
and of carbon dioxide with temperature. He considered it highly prob- 
able that combustion extends far into the actual * cooling period ' in 
gaseous explosions (and hence the long drawn out * cooling curve ’), so 
that the system loses a certain part of the heat of combustion before 
the chemical action is completed. This idea of a continued combustion 
finds support in H. B. Dixon's photographic researches, and chemists 
generally will concede its reality in any gaseous combination in which 
detonation is not determined. But to what extent it may be held to 
affect the pressures actually recorded by explosions is still a matter of 
conjecture. 

3. To loss of energy by direct radiaiion. Thus in the explosion of a 
mixture of hydrogen and oxygen it is conceivable that the initial action 
results in the formation of an intensely vibrating molecular complex from 
which steam issues as the first recognisable product. Some experiments 
made in 1890 by Eobert von Helmholtz ^ showed that non-luminoiis 
hydrocarbon flames radiate about 5 per cent, of the heat of combustion 
of the gas, and more recent experiments by Professor Oallendar and 
Mr. Nelson show that the heat radiated from an ordinary non-luminous 
Bunsen flame may amount to between 15 and 20 per cent, of the total 
heat of combustion, a figure which is in close agreement with the results 
of experiments carried out by Mr. E. W. Smith under the auspices of 
the Gas-Heating Eesearch Committee appointed by the Institution of 
Gas Engineers in conjunction with the University of Leeds.® There is, 
therefore, little doubt but that this cause is truly operative in gaseous 
explosions. 

4. To dissociation of products (steam and carbon dioxide). In the 
case of two combining gases producing a dissociable product, it is clear 
that if the average temperature in the system reaches that at which disso- 
ciation begins the combustion must be delayed whilst heat escapes 
from the system by radiation and conduction. Qualitatively the partial 
dissociation of steam and carbon dioxide has been proved at temperatures 
which are certainly exceeded by those of explosion flames, but it may 
he urged that, inaiemuch as all experiments upon dissociation have up to 
the present involved contact with hot solid surfaces, there is no positive 
evidence that the phenomenon would play any conspicuous part in an 
unconfined gaseous system. On the other hand, there is direct experi- 
mental evidence of the attainment of enormously high temperatures in 
the explosion wave, temperatures which would generally be considered 
as far beyond that of the initial, or perhaps even of the complete, dis- 
sociation of steam or of carbon dioxide. Moreover, the fact that the rate 
of explosion of electrolytic gas is retarded rather more by an excess of 
oxygen than hy a coiTesponding excess of nitrogen is inconsistent with 
the supposition of any appreciable dissociation of steam in the explo- 
sion wave, and photographic records give no evidence of continued 

^ Proc, Inst, Civil Engineers, 85. 

2 BeiblaUer, 14, 689. 

® See pp. 10-13 of the Committee s Second Report, 1910. 
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combinai'.ion in the roar of the wave except where there are two or more 
cliemioal stages in the combustion. 


Section IY . — The Influence of Moisture u'pon Combustion. 

Thirty years ago H. B. Dixon, in repeating Bunsen's experiments on 
the division of oxygen between carbon monoxide and hydrogen, both 
present in excess, discovered that a mixture of carbon monoxide and 
oxygen, dried by long contact with phosphoric anhydride, will not explode 
when sparked in the usual way in a eudiometer, whereas the presence 
of a trace of moisture or of any gas containing hydrogen (e.g., methane, 
ammonia, or hydrogen chloride) at once renders the mixture explosive. 
These expei*imenfs, proving as they did the complexity of what at first 
sight would appear to be one of the simplest cases of combustion, 
opened up a new field of scientific investigation. 

In 1883 H. B. Baker, working in Dixon’s laboratory at Balliol 
College, Oxford, found that purified charcoal, when heated to redness in 
carefully dried oxygen, burns with extreme slowness and without flame, 
yielding principally the monoxide, the proportion of the dioxide formed 
varying inversely with the degree of dryness of the oxygen. In a further 
series of experiments he proved that highly purified sulphur or phos- 
phorus may be repeatedly distilled in an apparatus filled with carefully 
dried oxygen, without any combustion whatever occurring, although the 
admission of even a trace of moisture at once causes a vivid burning. 
In subsequent investigations extending over a number of years, Baker 
has shown that a large number of gaseous interactions are either con- 
ditioned or greatly accelerated by the presence of moisture. Thus a 
dried mixture of hydrogen and chlorine does not explode on exposure 
to sunlight, dried ammonia and hydrogen chlorid'e are mutually inert, 
and dried electrolytic gas, free from hydrocarbon impurity, can be heated 
to redness without exploding. 

The amount of moisture required to bring about such chemical 
changes as the above is surprisingly small. B. W. Morley has esti- 
mated that the mere passing of a gas through a long column of 
phosphoric anhydride leaves only 3 milligrams of water vapour in 
a million litres (or rather less than 4 molecules of steam per 1,000 
million molecules of gas), and yet a much more prolonged drying is 
usually required to inhibit chemical action. Such facts as these, even 
if they do not raise doubts as to the adequacy of the usually accepted 
kinetic views of chemical processes, at least suggest the necessity of 
some less stringent application of them. 

The dependence of the combustion of carbon monoxide upon the 
presence of water vapour is well illustrated by H. B. Dixon’s determina- 
tion of the rates of explosion for mixtures of carbon monoxide and oxygen 
in combining proportions containing varying amounts of water vapour. 
Startling with a ^ well-dried ’ mixture, the rate of explosion increases 
with successive additions of moisture, from 1,264 to a maximum of 1,738 
metres per second for a mixture saturated at 35^, any further addition 
of steam having a decidedly retarding influence, as follows : — 
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Bates of Explosion, at 10® and 760 mm,, for a mixture 200^0}, mitaining varying 

Proportions of Steam, 


Hygroscopic Ooiirlition 

Per Cent. 
Moisture 

Rate in Metres 
per vSeconrl 

Well dried 



1,264 

Saturated at 10° 

1*2 

1,676 

„ 20° 

2*3 

1,703 

„ 28° 

3*7 

1,713 

„ 36° 

5*6 

1,738 

45° 

9*5 

1,693 

„ 66° 

15*5 

1,666 

„ 66° 

24*6 

1,526 

„ 76° 

38*0 

1,266 


Before entering upon a discussion of the theoretical aspects of the 
natter, certain other facts must be considered, namely : — 

1. In the detonation of a dried mixture of cyanogen with twice its 
3wn volume of oxygen the formation of carbon dioxide is complete; 
iioreover, under such conditions it has been proved that carbon nioii- 
3xide is primarily formed in the wave itself, the second stage of the 
combustion— namely, 200 + O3 =2003— taking place in the rear of the 
vave.^ 

2. A well-dried mixture of carbon monoxide (36 per cent.), ozone 
8 per cent.), and oxygen cannot be fired with a powerful electric spark ; 
blso, on sparking a well-dried mixture of carbon monoxide (60 per 
cent.), chlorine peroxide (29 per Cent.), and oxygen (11 per cent.), 
ilthough a flame is propagated through the gases, as much as 76 per 
;ent. of the original carbon monoxide may remain unburnt.* 

3. Dried carbon monoxide and oxygen completely combine without 
lame in contact with a heated platinum wire ; moreover, the writer has 
ecently proved that the most careful drying possible greatly accelerates 
he rate at which the gases combine in contact with a hot fire-clay 
lurface at 500®. 

4. There are certain well-established instances in which combustion 
s not determined by the presence of moisture — namely, the cornbus- 
ion of cyanogen, of carbon disulphide, and of hydrocarbons (ethane, 
ithylene, and acetylene). 

Theories respecting the Function of Moisture, 

1. H. B. Dixon has consistently maintained that, in the combustion 
)f carbon monoxide, steam merely acts as the carrier of oxygen; he 
contends that in explosions the formation of carbon dioxide is always 
imited by its dissociation, and that at the highest temperature {e.g., 
n the wave-front when the mixture O^Ng-h 26318 detonated) it is not 
brmed at all by direct interaction of the monoxide and oxygen, because 
he internal energy which would thereby be imparted momentarily to the 
lewly-born dioxide molecule would bring about its dissolution. For the 
1 H. B. Dixon. 

^ H. B. Dixon and E. J. Russell, Trans, Chem, Soc., 1807, 71, 605. 
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same reason flame is not propagated through a dried mixture of carbon 
monoxide and oxygen. But, if steam be present, the interaction of 
CO + OH 2 ==002 + would bring molecules of the dioxide into existence 
with a much less degree of internal agitation, and therefore capable of 
continued existence, whilst the hydrogen liberated would immediately 
combine with oxygen, forming steam, which is less easily dissociated 
than carbon dioxide. This explanation, whilst consistent with many of 
the facts connected with the combustion of carbon monoxide, cannot bo 
extended to other well-known instances, and is particularly inapplicable 
to the case of hydrogen. 

2. Mendelejeff, in his ' Principles of Chemistry,’ ascribed the mutual 
inertness of carbon monoxide and oxygen to the circumstance that gases 
combine according to a supposed ‘ law of equal volumes/ or, in other 
words, that from the kinetic standpoint the primary changes in all cases 
must be considered as involving the collision of two molecules only. 
In the case of carbon monoxide he postulated the following cycle of 
changes : — 

(i) 00+ 011.2== C02'4*B[2 ; (ii) IIa+02=H20.2 ; (iii) C0+02ll2=C02+0H2. 

But, according to this supposed * law of equal volumes,* a well- 
dried mixture of carbon monoxide and nitrous oxide, or of carbon 
monoxide and ozone, should be active, whereas Dixon has proved them 
to be as non-explosive as a dried mixture of the monoxide and oxygen. 

3. H. E. Armstrong has always contended that chemical actions 
cannot occur between two perfectly pure substances, but require the 
conjunction of an electrolyte in order to form a closed conducting 
system. The presence of steam, which he supposes may always be 
regarded as rendered ' conducting ’ by association with some traces of 
an electrolyte impurity, provides the necessary conditions for the 
passage of the current, the oxygen playing the part of depolariser, 
thus: — 

Before. After. 


0 

HaO 

CO 

0 H 2 

000 

1 


— 

OCO 

0 

H 2 O 

00 

OHa 



On the other hand, H. B. Dixon has urged that a rate of explosion of 
nearly 1,700 metres per second for a moist mixture of carbon monoxide 
and oxygen is incompatible with any interaction of the complexity thus 
postulated. There is doubtless prima facie much force in this objection, 
but it is by no means fatal, seeing that the dimensions of the explosion 
wave are incomparably greater than molecular units, and the duration 
of chemical action, though extremely short when measured in terms 
of ordinary gross units of time, is at least many thousands of times 
greater than the intervals between successive molecular collisions.^ A 
moie serious objection to Armstrong’s theory is the fact that there are 

^ As tlie writer understands Dixon’s objection to Armstrong’s view, it is that 
whilst chemical action in the explosion wave may tost a comparatively long time 
(t.e., during many molecular collisions), and that therefore a quintuple molecular 
coHfeion might happen in that period, it is impossible for the wave to he p-opagated 
as a sound-mve through quintuple collisions. Ordinary sound-waves may be many 
molecules but they are propagated through bi-moleoular collisions. 
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several well-established cases in which combustion apparently does not 
depend upon the presence of moisture. 

4. In 1893 Sir J, J. Thomson ^ pointed out that if the forces holding 
the atoms together in a molecule are electrical in character, the presence 
of drops of any liquid (such as wa'^ter) of high specific inductive capacity 
would probably cause a sufficient loosening ol the bands between the 
atoms to render the molecule much more reactive. He showed that 
the complete drying of a gas renders it non-conductive. H. B. Baker, 
in his Wilde Lecture before the Manchester Literary and Philosophical 
Society, 2 described a number of new experiments which led him to 
put forward tentatively the theory that chemical interchanges in gaseous 
systems depend upon the presence of both ‘ ions ' and water vapour; 
the * ions ' act as nuclei for the condensation of steam, and the liquid 
drops of water so formed, by virtue of their high specific inductive 
capacity, facilitate chemical change in the layer of gas immediately in 
contact with them. Chemists will await with the greatest interest the 
further development of this hypothesis, but the idea that such rapid 
changes as are met with in gaseous explosions are dependent upon the 
formation of aggregates of steam. molecules in an atmosphere containing 
fewer than four of them per 1,000 millions, and that such aggregates 
approximate to liquid drops at the high temperatures of flames, makes 
large demands upon the imagination, and it will require to be supported 
by the strongest experimental evidence. 


Section V, — The Gorrubustion of Hydrocarbons., 

• The question of how a hydrocarbon is attacked by oxygen in com- 
bustion has been the subject of much controversy during the past 
twenty years, but it is only quite recently that experimental inquiry 
has been pushed far enough to justify the advancement of any complete 
theory of the process. 

Throughout the greater part of last century it was accepted as an 
article of faith among chemists that hydrogen is the more combustible 
element of a hydrocarbon; thus, as late as 1884 H. B. Dixon, in 
his Cantor lectures on ‘ The Use of Coal Gas/ speaking of the com- 
bustion of ethylene in its bearing on the luminosity of hydrocarbon 
flames, said : ‘ This ethylene, when it is raised to a high temperature in 
contact with air, is decomposed, the hydrogen burning first and the 
carbon afterwards. There is a race for the oxygen of the air between 
the two constituents of the ethylene, and the hydrogen, being the fleeter 
of the two, gets to the oxygen first, and is burnt to water.* Bight years 
later, when it was discovered in Dixon’s laboratory that an equi- 
molecular mixture of ethylene and oxygen yields on detonation almost 
exactly twice its own volume of carbon monoxide and hydrogen, ^ in 
accordance with the empirical equation 

C2H4-h02=*2C0-l-2H2, 

1 P7UI. Mag., 36, 321. ® Mdn. Mem., 53, part iii. 

* H. B. Dixon, Phil. Trans., 1893, 169 ; also Lean and Bone, Trans. Ghem. 8oc., 
1892, 61, 873. 
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and also when Smithells and Ingle, about the same time, in their 
researches on the Structure and Chemistry of Flames, discovered 
hydrogen in the interconal gases ot aerated hydrocarbon flames, ^ the 
dogma of the preferential combustion of hydrogen became untenable. 
Mteinpts were then made to revive an idea originally put forward by 
Ivorsien in 1801— namely, that * before any part of the hydrogen is 
hurni all the carbon is burnt to carbonic oxide, and that the excess of 
oxygen {if any) divides itself between the carbonic oxide and hydrogen,* 
H, *B. Dixon was himself inclined to this view, and Smithells spoke of 
the ‘ preferential ’ burning of carbon both in his 1892 paper and in his 
lecture on ‘ Flame * at the Nottingham meeting of the Association in 
1893, although he has since disclaimed any intention of exalting the 
idea into a general doctrine. 

The idea of a ‘ selective ’ combustion, whether of carbon 
or of hydrogen is, however, so repugnant to well-established 
principles that it could hardly be expected to meet with general 
acceptance in any final or complete sense, and there were many 
sceptics as to its validity. Moreover, whilst in the cases of acety- 
lene and ethylene the assumption of a direct transition from the system 

GifEm + to ^C0+-^H.2 implies a simple transaction from 

2 2 

the kinetic standpoint, an extension of the idea to the cases of such 
hydrocarbons as propane or propylene would obviously raise serious 
difficulties, 

20«HH+3O.,=6CO-f8H2, 

2GaH6+30.,=6C0+6H2. 

It therefore seemed necessary to consider whether the solution of the 
problem might not lie in the assumption of an initial association of 
the hydrocarbon and oxygen forming an unstable ‘ oxygenated * or 
' hydrO'Xylated ' molecule, as suggested by H. E. Armstrong many 
years ago, and it was with some such possibility in view that the writer 
undertook the re-investigation of the subject about ten years ago. 

Previous workers had confined their attention to combustion at 
such high temperatures as prevail in hydrocarbon flames and the ex- 
plosion wave — conditions highly unfavourable to the detection or isola- 
tion of unstable intermediate ^ oxygenated ' products, if such are really 
formed. It was therefore decided first of all to make a systematic 
study of hydrocarbon combustion at temperatures below the ignition- 
points of the mixtures used, where the rate of oxidation would 
be much slower and more controllable, and intermediate products 
more stable. The hydrocarbons selected for investigation were 
methane, ethane, ethylene, and acetylene, and at the outset of 
the work it was fortunately discovered that all four gases com- 
bine with oxygen at temperatures much below those at which either 
hydrogen or carbon monoxide begin to be oxidised with any appreciable 
velocity, or at which either carbon reduces steam or the reversible 
reaction OO+OH 2 = OO 3 +H 2 could Have any influence whatever 
upon the result. Conditions were thus established which precluded the 
interfer^ce of secondary processes with the main line of change. 

£ ^ Smithells and Ingle, Tram, Ohem, 800 ., 1892, 6X, 209. 
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The fii’st experimental method consisted in maintaining mixtures of 
each hydrocarbon with varying proportions of oxygen, sealed up in 
borosilicate glass bulbs of about 60 c.c. capacity, at known constant 
temperatures between 260^ and 350^, for definite periods of time. Subse- 
quently an apparatus was devised in which large volumes of the reacting 
mixtures could be circulated at a uniform speed in a closed system 
comprising (1) a surface of porous porcelain maintained at a constant 
temperature in a combustion furnace, (2) suitable cooling and washing 
arrangements for the removal of condensable or soluble intermediate 
products, and (8) a mercurial manometer for recording pressures. 

‘By means of these two experimental methods it was proved, as 
regards slow combustion — (1) that a hydrocarbon is ultimately burnt 
to a mixture of steam and oxides of carbon without any separation of 
carbon or liberation of hydrogen at any stage of the process; (2) that 
the oxidation is marked by a very large intermediate formation of 
aldehydic products; (3) that the fastest rates of oxidation are (in the 
cases of the four hydrocarbons examined) always obtained with a ratio 
of hydrocarbon to oxygen between 2 : 1 and 1 : 1, an excess of oxygen 
above the equimolecular ratio always having a marked retarding 
influence; and (4) that a large proportion of carbon dioxide is often 
found in the products under conditions which preclude all possibility of 
its formation either by the direct oxidation of the monoxide or by the 
interaction of the monoxide with steam. 

Finally, the balance of evidence was so overwhelmingly in favour 
of the supposition that combustion had proceeded by successive stages 
of " hydroxylation ' that the following schemes were put foiward for 
the typical hydrocarbons ethane,' ethylene, and acetylene: — 


CH3.CHa->GH3,CH20ll->CH3.CH(0H)3 
Ethane Ethyl Alcohol > 

OH 3 .CHO-HH 2 O 

Acetaldehyde 


Formic Carbonic 
Acid Acid 

,~>CO+ HaO+ a.COOH->a)(Ofi)2 


Formal- 


dehyde CO+HaO CO 2 +H 2 O 


HaG:GH2->H2C:CH(OH)H»HO.HC;GH.OH 

Ethylene Vinyl Alcohol 

2H.CHO 

Formaldehyde 

HO i GH-^HO.G : CH“>HO.C ; C.OH 
Acetylene 


R.C00H->C0(0H)2 


CO+H.OHO- 


CO+H2O COa+H^O 

^H.C00H->C0(0H)2 
CO+H^ CUa+iio 


In other words, the attack of the oxygen upon the hydrocarbon may be 
supposed to involve a series of successive ‘ hydroxylations, ’ the hydroxy- 
lated molecules either breaking down or undergoing further oxidation, 
according to their relative stabilities and affinities for oxygen at the 
particular temperature, substantially as represented by the above 
schemes. 

It should be mentioned, however, that whilst in many of the ‘ circu- 
lation ’ experiments a very large proportion of the intermediate alde- 
hydic products were successfully removed from the sphere 6f action 
before undergoing further oxidation — e.g., as much as 92 per cent, of 
the formaldehyde indicated at the third stage of the ethane scheme, and 
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45 per cent, of that required at the second stage of the ethylene scheme 
“in none of the experiments was it found possible to detect or isolate 
any of the monohydroxy derivatives which are, ex hypothesis initially 
formed. This was perhaps hardly to be expected in the cases of 
ethylene or acetylene, where the monohydroxy derivative would be 
extremely unstable. In the case of ethylene, however, acetaldehyde, 
which is known to be readily formed by molecular rearrangement from 
vinyl alcohol, was isolated in certain experiments. But failure to 
detect the formation of ethyl alcohol during the slow oxidation of ethane 
did at first sight seem a serious obstacle to the acceptance of the 
* hydroxylation ’ theory. This difficulty was, however, largely removed 
when it was subsequently found that ethyl alcohol is oxidised at 
a much faster rate than is ethane under like conditions — a circumstance 
which seems to warrant the view that the effect of the initial * hydroxy- 
lation * of the hydrocarbon is to render the molecule much more sus- 
ceptible to further attack. Finally, when Drugman, working in the 
writer’s laboratory, obtained direct proof of the large formation of 
ethyl alcohol as the result of the interaction of ethane and ozone at 
100^, the difficulty referred to entirely disappeared. Moreover there is 
strong indirect proof of the initial formation of monohydroxy deriva- 
tives during slow combustion in the fact that whereas the rates of 
oxidation observed with mixtures containing two molecules of hydro- 
carbon to one molecule of oxygen were hardly, if at all, inferior to those 
observed with equimolecular mixtures, the process was always much 
retarded by any further addition of oxygen beyond the equimolecular 
ratio. It may also be urged that the hydroxylation theory 
readily explains the large formation of carbon dioxide in the bulb 
experiments under conditions which would entirely preclude the idea 
of its formation by the direct oxidation of the monoxide or as the result 
of interaction of the monoxide with steam. 

The next step in the inquiry was to ascertain whether the presence 
of moisture is essential to hydrocarbon combustion. A series of careful 
experiments on mixtures of the three typical hydrocarbons respectively 
with oxygen in equimolecular proportions thoroughly dried by long 
contact with redistilled phosphoric anhydride, under conditions which 
(as was proved) inhibited the formation of steam from electrolytic gas, 
gave wholly negative results. If anything, combustion occurred rather 
more readily with the dried gases than in the case of the corresponding 
experiments with undried mixtures. Therefore, whilst the conclusion 
finally advanced concerning the mechanism of hydrocarbon combustion 
agrees with the view originally put forward by H. E. Armstrong, 
in so far as the nature of the intermediate products is concerned, it 
differs from his in supposing that the oxygen is directly active. 

With the extension of the investigation to hydrocarbon flames and 
explosions, including ‘ detonation ’ and explosions under high initial 
pressures, it became increasingly evident that the mechanism of com- 
bustion is essentially the same above as below the ignition-point, in so 
far as the result of the initial molecular encounters between hydrocarbon 
and oxygen is concerned. At the higher temperatures of flames 
Secondary thermal decompositions undoubtedly come into operation ab 
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an earliei' stage than in slow combustion, but they do not precede the 
onslaught of the oxygen upon the hydrocarbon, as was formerly sup- 
posed, but arise in consequence of it. 

In considering explosive combustion, therefore, it is necessary to take 
into account the possible modes of decomposition of the hydroxy 
derivatives formed in the hrst two stages of slow combustion, because 
these derivatives are so manifestly unstable at the high temperatures of 
flames that they would at once break down into simpler products. Ethyl 
alcohol, it is known, decomposes into ethylene and steam; acetaldehyde 
into methane and carbon monoxide, or into carbon, hydrogen, methane, 
and carbon monoxide, according to tlie temperature; formaldehyde is 
resolved into carbon monoxide and hydrogen without the slightest separa- 
tion of carbon. Thus: — 

Ethyl Alcohol Acetaldehyde Formaldehyde 

C,H5.0H CH 3 .CHO I1.CHO 

dA+]So i "CH4+CO" ) CO+^ 

‘C-1-2H3-1-CO* 

Therefore,, taking as examples the typical cases of ethane and ethylene, 
the scheme for explosive combustion becomes 

1 2 

H,C.CH3 HaaCH.,OH HaC.CHlOH).^ 

HsO-OHO+i^ 
f'^+CO I 

1 2 

a^O-.OHs H. 2 G:OHOH -> HO.HC:GH.OH 

20-{-H.2"i“S.2^ 2 OH 2 O 

200 + 21 ^ 

with the proviso that, in a sufficient supply of oxygen, the transition 
from the hydrocarbon to the dihydroxy stage is so rapid that no breaking 
down of the molecular structure occurs in passing through the mono- 
hydroxy stage. When, however, the supply of oxygen is reduced below 
the equimolecular proportion it is evident that the initial monohydroxy 
product cannot all be further oxidised to the dihydroxy stage; some of 
it must therefore decompose, yielding, usually, steam as one product. 
It will be immediately perceived that the above theory affords a complete 
explanation of the w^ell-known fact that either ethylene or acetylene 
on explosion with its own volume of oxygen yields carbon monoxide 
and hydi’ogen, without any separation of carbon or steam formation, 
because in each case the principal intermediate product is formaldehyde, 
a substance which decomposes straight into carbon monoxide and 
hydrogen at high temperatures. 

There are, moreover, two groups of facts relating to explosive 
combustion which, whilst they completely subvert the notion 
of a preferential combustion of carbon, harmonise very well 
with the new view of ‘ hydroxylation/ They are, briefly, as follows : 
( 1 ) That' whereas mixtures of olefines and oxygen corresponding to 

C,iH2,t+“0.3 behave on explosion like ethylene, inasmuch as they yield 

1910. 


K K 
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mainly carbon monoxide and hydrogen without any separation of carbon, 

similar mixtures of paraffins and oxygen — namely, 3 + ^ 0 ^ — yie^^ 

carbon, oxi 4 es of carbon, niethano, hydrogen, and steam all in consider- 
able quantities. (2) That, even in the case of an ololine, if the proportion 

of oxygen be reduced below that indicated by the expression 

both carbon and steam are prominently formed. 

In his presidential address to this Section at the I^eicester meeting in 
1907, Smithells criticised the writer’s interpretation of explosive combus- 
tion on the ground that ‘ ihe isolation of an intermediate product under 
one set of circumstances is in itself no proof that this product is tran- 
sitorily formed when the reaction is proceeding under another set of 
circumsiamces/ To this criticism it may be replied ( 1 ) that there is 
direct experimental proof of the formation of intermediate aldehydic 
products in hydrocarbon Eames and explosions; ( 2 ) that notwithstand- 
ing the fact that the combustion of hydrocarbons has now been investi- 
gated over a range of temperature extending from that of incipient 
oxidation right up to the extreme conditions prevailing in detonation, 
no evidence has yet come to hand which warrants the assumption 
of any discontinuity in the immediate result of the initial encounter 
between hydrocarbon and oxygen molecules; and (3) that the theory 
of the intermediate formation of ‘ hydroxylated ’ or ' oxygenated ’ 
products furnishes a complete and sufficient explanation of the facts 
of hydrocarbon combustion as at present known, a requirement 
which no other alternative theory yet put forward is capable of satisfy- 
ing. In this connection the writer is glad to find support in the recent 
presidential address of H. B. Dixon to the Chemical Society, where, 
speaking of the detonation of a mixture of equal volume of ethane and 
oxygen, he says : ‘ The ethane is not burnt wholly to carbon monoxide 
and hydrogen, hut appears to form {as Professor Bone has shown at 
lower temperatures) acetaldehyde and stea^Uf. the acetaldehyde yielding 
methane and carbon monoxide/ ^ 

But to return to the consideration of facts : One of the most signifi- 
cant features of the writer’s experiments has been the proof afforded of 
the relatively much greater affinity of hydrocarbons, as compared with that 
of either hydrogen or carbon monoxide, for oxygen at the high tempera- 
tures of flames. * Thus when a mixture of acetylene and electrolytic gas 
corresponding to O 2 H 3 + 2 H 3 +O 2 is exploded, there is absolutely no 
separation of carbon or formation of steam, and practically the 
same thing holds good in the case of a inixture of ethylene, 
hydrogen, and oxygen corresponding to OaH^ + H^-fOa. In each 
case the hydrocarbon is bui'nt to (ultimately) carbon monoxide 
and hydrogen, just as would be the case were no hydrogen 
originally present in the mixture. Decently the writer in an 
unpublished research on the division of oxygen between methane and 
hydrogen, in which mixtures corresponding to CH^ -f- Og + (aj = 2 , 4, 

or 8 ) have been exploded at high initial pressures, has proved that 
with m =2 upwards of 95 per cent, of the oxygen initially reacts with 

1 JTmjw, Ghem. Soo., 1910. 665, 
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the hydrocarbon, and less than 5 per cent, of it goes to the hydrogen. 
Moreover, the proportion of the oxygen which goes to the hydrogen has 
been found to increase according to the second power of 53, a circum- 
stance which suggests that the combustion of hydrogen involves the 
trimolecular reaction 2H3+03=2H20, and not the initial formation of 
hydrogen peimide, as some have supposed. A similar series of experi- 
ments with mixtures GH^+Oa-f-n'CO have proved that the affinity of 
carbon monoxide for oxygen is even less than that of hydrogen, and 
that the proportion of oxygen going to it increases as approximately 
the first power of x. 

These observations have an important bearing on the chemistry of 
flames ; hitherto hydrogen has been considered as one of the most com- 
bustible of gases, but in reality it is very mucH less so than hydro- 
carbons. Indeed, so overwhelmingly great is the affinity of a hydrocarbon 
for oxygen, as compared with the affinities of either hydrogen or carbon 
monoxide or with its own tendency to decompose, that the initial stage 
of its combustion probably takes precedence of all other chemical phe- 
nomena in flames. This is certainly true of the propagation of flame 
through a homogeneous explosive mixture of hydrocarbon and oxygen. 
In the special case of a stream of hydrocarbon burning in air, partial 
decomposition may possibly occur in the innermost regions of the flame, 
where the supply of oxygen is very limited, before actual combustion 
begins. But in general, whenever the hydrocarbon and oxygen meet at 
high temperatures, their mutual affiinities will prove superior to any dis- 
ruptive force which might otherwise break down the hydrocarbon. It is 
probably not so much the original hydrocarbon as its hydroxylated mole- 
cule w'hich decomposes in ordinary flames. Be this, however, as it may, 
the experimental evidence does not warrant the view, so often encoun • 
tered in scientific literature, that hydrocarbons are resolved into their 
elements prior to being bumt.^ 


Section YI . — The Influence of Hot Surfaces upon Combustion. 

It is to the genius of Sir Humphry Davy that we owe the discovery 
of surface combustion. In liis experiments on the ignition-points of 
various gases he had found, what is now a matter of common knowledge, 
that the constituents of a combustible mixture will combine with fair 
velocity at temperatures below the ignition -point. This led him to ask 
the question whether, seeing that the temperatures of flames far exceed 
those at which solids become incandescent, a metallic wire can be main- 
tained at incandescence by the slow combination of two gases without 
actual flame. He therefore tried the effect of introducing a warm 
platinum wire into a jar containing a mixture of coal gas and air rendered 
non-explosive by an excess of the combustible constituents. The wire 

^ No attempt has been made in this report to discuss in any detail the experi- 
mental evidence on which the new theory of hydrocarbon combustion is based ; the 
reader is referred to the series of papers published by the wnter and his pupils (R. V. 
Wheeler, W. E. Stocldngs, G. W. Andrew, Julian Brugman, and H. L. Smith) in the 
Trans. Chem. See. (1902, 81, 635; 1903, 83, 1074; 1904, 85, 693, 1637; 1905, 87, 910. 
1232 ; 1906, 89, 652, 660, 939, 1614). 
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immediately became red hot, and remained so until nearly the whole of 
the oxygen had disappeared. In subsequent experiments, Davy proved 
that hydrogen is far more susceptible to surface combustion than 
either ethylene or carbon monoxide; also, that the power of inducing 
surface combustion is by no means confined to the metals of the platinum 
group, which, however, exhibit it in an eminent degree. 

In 1823 the subject was systematically investigated by Dulong and 
Th^nard, and independently also by Dobereiner, who showed that all 
solids possess the power of accelerating combustion in varying degrees 
according to their specific characters and fineness of division. Two years 
later William Henry observed that when a platinum ball is immersed 
in a mixture of equal volumes of ethylene and electrolytic gas, the 
hydrogen and oxygen alone combine, no combustion of the hydrocarbon 
occurring unless the original mixture contains a much larger proportion 
of oxygen. This important result was confirmed by Thomas Graham 
in 1829. 

Several explanations of surface combustion were put forward by 
these early investigators. Davy himself suggested an electrochemical 
one. ‘ Supposing/ he wrote, ‘ oxygen and hyd^o'geyi to he in the rela- 
tion of negative and positive j it is necessary to effect their combination 
that their electricities shoiM he hrotight into equilibrium or discharged. 
This is do7ie by the electrical spark or fla^ne, which offers a conducting 
medium for this purpose, or by raising them to a temperature in which 
they become themselves conductors. Noiv platinum, palladium, and 
iridium are bodies very slightly positive with respect to oxygen. . . . 
They offer to the gases the conducimg mediu7n necessary for carrying 
off and bringing into equilibrmm their electricities without any inter- 
vening energy, and accmnulate the heat produced by this equilibrium.^ 
Dobereiner, who discovered that freshly prepared platinum black absorbs 
oxygen from the air, and that in this ‘ oxygenated ' condition it will^ 
cause steam to be formed on being plunged into a jar of oxygen, con- 
tended that the metal merely acts as a carrier of oxygen. On the other 
hand, Fusinieri (1825) maintained that it is the combustible gas 
(hydrogen) only which is affected By the surface, being condensed and 
■rendered extraordinarily active by association with the surface. 

The matter formed the subject of a celebrated controversy between 
Faraday and De la Eive in 1834-35. De la Bive strongly upheld the view 
that surface combustion essentially consists of a series of rapidly alter- 
nating oxidations and reductions of the catalysing material. Faraday, 
whilst not denying that finely divided platinum absorbs oxygen, argued 
with great force that true surface combustion involves an action* quite 
distinct from that of an oxidised wire or foil upon a combustible gas. 
The function of the solid is, he contended, to condense both the oxygen 
and the comBustible gas at the surface, thus producing a condition in 
the surface layer comparable to thaS of high pressure. After the year 
1896, however, interest in the subject wan^, and was not revived until 
quite recently. 

It may here be remarked that heated surfaces have undoubtedly 
a marked influence in accelerating not only combustion but all 
chemical interchanges in gaseous systems. It is usually considered 
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thaii the action of tlie surfaces is merely an accelerating and not a 
directive one at any particular temperature, and although this may be 
generally true it is not necessarily or universally so. But in regard to 
combustion it may be assumed that, in general, the introduction of a 
hot surface will merely accelerate the process- 

In the generation and applications of gaseous fuels the technologist 
has to deal not only with combustion, and the interaction of the pro- 
ducts of incomplete combustion, but also with decomposition and 
dissociation phenomena, and contact with hot surfaces accelerates all 
alike. Thus the inJduence of hot solids — in the shape of furnace walls 
and the like — assumes an importance which can hardly be over- 
estimated. 

It will be generally agreed that the’ best means of elucidating the 
factors operative in surface combustion lies in determining the rates of 
combination of different gases with oxygen when , the reacting mixtui^es 
are brought into contact with various solid surfaces at selected constant 
temperatures. This has been the line of attack usually adopted in 
recent investigations. But the method is only capable of yielding 
results of any value when the temperature selected is low enough to 
prevent the masking of the effects of surface combustion proper by 
changes in the main body of the gas, which is not in contact with the 
surface at any given instant. 

In interpreting the results of such velocity measurements the 
following possible factors must be considered — namely, (1) the actual 
rate of combination at the surface, (2) the rates at which the reacting 
gases respectively diffuse inwards from the outside mixture on to the 
surface, (3) the rate at which the reaction product is removed from 
the surface, (4) the rates at which the reacting gases (or either of them) 
are rendered * active ’ by the surface, supposing that the surface may 
act in some such manner, and (p) changes (if any) in the physical 
texture of the surface itself. 

It is obvious that, since any system in which a gaseous mixture is 
combining exclusively at the surface of a heated solid must be regarded 
as heterogeneous, the velocity of reaction will not be governed by its 
‘ order,' as would probably be the case with a homogeneous system. 
Nevertheless several recent investigators, notably Bodenstein in his 
earlier experiments upon the non-explosive combination of electrolytic 
gas in contact with the walls of a glazed porcelain vessel,^ by overlooking 
this obvious consideration have largely invalidated their conclusions. 

Of the factors above enumerated it is now generally agreed among 
competent observers that the actual rate of combination at the surface 
far exceeds either the rates of diffusion of the reacting gases on to the 
surface or the rates at which they are rendered * active ' by the surface. 
This being so, it follows that the amount of change observed in the 
system in unit time will not be governed by the actual rate of combina- 
tion at the surface, but by one or other of the remaining factors, which- 
ever happens to be the slowest in its operation. 

Nernst, who has recently advanced a general theory of reactions in 
heterogeneous systems, based on measurements of the rates of solution 
^ Zeit phys, Chem., 1899, 29, 065. 
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of salts in water, or of such substances as magnesia in acids, ignores 
(in the case of surface combustion) the possible * activation ’ of the 
gases by the surface, and contends that the velocity of surface com- 
bustion is governed by diffusion factors only. Thus he has written : — 

‘ Da diese Reahlionen wold ausschlies slick an der GremfldcliG des 
Katalysaten abspielen, so wird die Geschwindigkeit Iceineswegs durch den 
Meckanismus der hetreffenden Reaktion, sondern tvenn, was allerdings 
von vornkerein nickt sicker ist, der Katalysaten wdkrend des Reaktions- 
verlaufes kcnstante Besckafjenkeit behdlt und ziigleick mit yraktisck 
unendlicker Gesckwindigkeit die hetreffenden Substanzen an der Grenz- 
fidcke zur Reaktion bringt, auck kier lediglick durch die Diffusion der 
reagierenden Stoffe zum Katalysaten bedingt iverdend ^ 

Bodenstein,® in an entirely inconclusive series of experiments on the 
combination of hydrogen and oxygen in contact with platinum at the 
ordinary temperature, attempted to provide an experimental basis for 
the above theory, but it has been recently completely disproved by 
the researches of the writer and his pupils (E. V. Wheeler, G. W. 
Andrew, A. Forshaw, and H. Hartley), a first instalment only of 
which has so far been published.® The following is a brief rdsum^ 
of the principal results of these researches : — 

At an early stage of the research it became manifest that, in order to 
avoid errors inherent in a too restricted view of the phenomena, the 
action of a considerable variety of surfaces must be studied, including 

(1) such ordinarily non-oxidisable metals as gold, silver, and platinum, 

(2) oxidisable metals, such as copper and nickel, (3) easily reducible 
oxides, as well as (4) non-reducible oxides of both basic and acidic 
character. Although the investigation has revealed certain minor 
differences between the action of the various surfaces, the results as a 
whole leave no room for doubt but that the catalytic combustion depends 
primarily upon the condensation or absorption of one or other (and 
possibly both) of the reacting gases by the surface, whereby they are 
rendered ‘ active.’ Any chemical explanation — such, for instance, as 
the supposition of a rapidly alternating series of oxidations and reduc- 
tions of the catalysing surface — ^is inconsistent with the numerous 
velocity measurements made during the research. Equally certain is it 
that the rate of combustion is governed, not by diffusion factors, as 
Nernst has supposed, but by the rate of ‘ activation ’ of one of the 
reacting gases (and usually of the combustible gas) by the surface. 

The catalysing power of a new surface at a given temperature usually 
increases up to a steady maximum when successive charges of the re- 
acting gases, mixed in their combining ratios, are circulated over it; 
after the attainment of this steady condition, the rate of combination is 
always directly proportional to the pressure, provided that the gases are 
present in their combining ratios and the product of combustion is 
rapidly removed from the sphere of action. Where, however, one or 
other of the reacting gases is present in excess, the rate of combustion is 
in nearly all cases proportional to the partial presence of the combustible 

1 1904, 47, 66. ^ 1903, 46, 725, 

® * The Ooiu’biaatjion of Hydrogen and Oxygen in Contact with Hot Surfaces,’ 
Bone and Wheeler, Fhil. Trans,, 1906, A. 206, L 



ON GASEOUS COMBUSTION. 


499 


gas {e.g.j hydrogen or carbonic oxide), which thus becomes .the ruling 
factor. The behaviour of copper oxide towards mixtures of hydrogen 
with excess of oxygen, and of nickel oxide towards mixtures of carbon 
monoxide with excess of oxygen, have so far proved exceptional in this 
respect, the observed rates in both cases being more nearly proportional 
to the partial pressure of the oxygen than to that of the combustible gas. 
Tn the case of copper oxide there is definite proof of the formation of a 
condensed film of * active ' oxygen at the surface, which actually bums 
up the hydrogen before it can reach the still more active oxygen 
chemically combined with the copper. 

The catalysing powers of all the metallic and non-reducible oxide 
surfaces examined are highly stimulated by previous exposure to the 
combustible gas, which is undoubtedly rendered ‘ active * by association 
with the surface. This stimulus is usually very durable, but in most 
cases it is at once destroyed by a short exposure to oxygen. Although 
as a general rule oxygen has per se no stimulating effect on a catalysing 
surface, cases to the contrary have been encountered ; but even in these 
exceptional instances the effect is neither so marked nor so durable as the 
corresponding effects always observed in respect of the combustible gas. 

One notable feature with regard to the catalytic combustion of carbon 
monoxide over a fireclay surface is the fact that the rate of combustion 
of a mixture 200 -i- Og at 500^ is about doubled by a thorough diying of 
the gases the ‘ reaction constant ’ increasing from about 0’09 to about 
0*20. This remarkable result can hardly be explained on the supposition 
that, in the case of the undried mixture (saturated at 18^), steam acts 
merely as a diluent ; it apparently exercises a specific retarding influence 
out of all proportion to its relative mass. 

Of scarcely less interest are some recent results bearing upon the 
eflects of a hot fireclay surface (at 500^) upon the relative rates of com- 
bustion of methane, hydrogen, and carbon monoxide. In the previous 
section attention was directed to the fact that in ordinary explosive 
combustion the affinities of methane and other hydrocarbons far exceed 
those either of hydrogen or of carbon monoxide for oxygen. In contact 
with a hot surface, however, the order is completely reversed, owing to 
an appai'ently selective action of the surface in rendering the combustible 
gases active. This circumstance is sufficient to invalidate the conclu- 
sions of certain earlier investigators, notably those of Landolt,^ concern- 
ing the relative combustibilities of various gases, owing to their having 
sucked off the products of partial combustion from the inner regions of 
coal-gas flames through platinum tubes and the like. It may be taken 
for granted that the introduction of a hot solid into a mixture of burning 
gases is in itself sufficient to upset the regular conditions of explosive 
combustion. 

The conclusions drawn by Bone and Wheeler^ as to the catalytic 
combustion of hydrogen derive collateral support from the recent re- 
searches of Sabatier and Senderens on the remarkable powers of many 
metallic surfaces (and especially nickel) of rendering this gas ^ active " 

Vber die cJiemischen Yorgmge in derFlammedes LeucTitgas, Habilitationsschrift. 
Breslau, 1856, ® Loe. cit. 
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at) comparatively low temperatures. In illustration of their results may 
be quoted the*fo]lowing remarkable instances of direct ‘ hydrogenations ' 
effected by .merely passing a mixture of the substance in question with 
hydrogen over finely divided and freshly reduced nickel. In this way 
olefinic hydrocarbons are convertible into the corresponding paraffins at 
160°; benzene yields cyclo-hexane; nitro-benzene may be reduced to 
aniline;, whilst nitro-methane is convertible into methylarnine at 150° to 
180^, and into methane and ammonia at 350*^. Finally, a mixture of 
carbon monoxide (1 vol.) and hydrogen (3 vols.) may be completely 
transformed into methane and steam at 250^. 

In the present imperfect state of our knowledge any suggestion 
which may be put forward as to the action of hot surfaces in rendering 
such gases as hydrogen or carbon monoxide ‘ active * must be considered 
as quite tentative. Several facts, however, point to a possible connection 
between surface combustion and the emission of charged particles by hot 
solids. In 1903 H. A. Wilson ^ discovered tEat hydrogen has an enor- 
mous influence upon the negative leakage from a clean platinum wire at 
high temperatures; thus at 136®, for a given potential difference, the 
leakage in hydrogen at 0‘014 mm. pressure was found to be no less than 
25,000. times greater than in air ; it was also proportional to the pressure 
and depended upon the hydrogen actually occluded by the metal. These 
observations have since been confirmed by 0. W. Eichardson® — ^who, 
however, finds that the leakage consists of two parts, one propor- 
tional to the pressure (due to ionisation by collisions) and the other 
independent of it; he takes the view that hydrogen does not act per sa, 
but only indirectly by producing some change in the surface of the metal. 

Sir J. Jf Thomson has found that the rate of emission of negative 
corpuscles by alkali metals at ordinary temperatures is greatly increased 
whilst they are absorbing hydrogen,® and F. Horton has proved that the 
negative leakage from hot lime is much greater in hydrogen than in air."^ 

With regard to the catalytic combustion of hydrogen in contact 
with metallic surfaces P. J. Kirkby, in experimenting upon the effects 
of electrically heating a platinum wire to circa 275® in electrolytic gas at 
pressures under 40 mm., concluded that it is * probably connected with 
ihe corpuscular discharge which is hiovm io he emitted by platinum / 
Finally, it has recently been proved in the writer’s laboratory that gold 
gau^5e immediately, acquires a negative charge on its inducing the surface 
combustion of either hydrogen or of carbon monoxide. All these facts 
point to the necessity of a systematic investigation of the electrical con- 
dition of heated surfaces during catalytic combustions as a preliminary 
to a better understanding of the plienomenon. 

1 Phil. Trans., A. 202, 243. 2 jqqs, A. 207, 1. 

Phil Mag., 1906, 6th series, 10, 684. 4 pj^^i Prans., 1908, A. 207, 149. 

® Phil Mag., 1906, 6th series, 10, 467. 
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Discussion} 

Sir J. J. Thomson called attention to the fact that combustion was 
concerned not only with atoms and molecules but also with electrons 
— Le., bodies of much smaller dimensions and moving with very high 
velocities. These may precede the explosion-wave and prepare the 
way for it by ionising the gas. But the motion of the ions can be 
stopped at once by means of a transverse magnetic field, in which they 
curl up and are caused to revolve in small circles. It would be of 
very great interest if Professor Dixon’s experiments on the photography 
of the explosion-w^ave could be repeated under such conditions as to 
determine whether the form of the wave could be modified by such a 
magnetic field. The positive and negative electrons were of very 
different dimensions, and when first projected travelled with widely 
different velocities ; but in an ordinary gas these velocities soon become 
almost identical. It had, however, been shown by the work of 
Townsend at Oxford and of certain workers on the Continent that in 
carefully-dried gases the velocity of the negative electrons might be 
100 times as great as the velocity of the positive electrons. ^ The 
amount of moisture required to reduce this velocity to its ordinary 
lower value was exceedingly small comparable with that required to 
initiate chemical change. It was not unlikely that the two phenomena 
w’-ere very closely related. 

In reference to the influence of hot surfaces in promoting combustion 
to which Professor Bone had drawn attention, it was not improbable 
that the emission of charged particles from the surface was a factor of 
primary importance. Hot lime gave out an enormous stream of nega- 
tive electrons travelling with a high velocity, whilst hot metals emitted 
an excess of positive electrons, as indeed Professor Bone had found by 
the development of a negative charge on the silver foil which he had 
used as a contact surface. These electrons might produce very impor- 
tant effects by uniting (perhaps selectively) with moisture, with the 
oxygen, and with the inflammable constituent of the gaseous mixture. 
The m.ode of action of the oxides was specially worthy of investigation. 
Chemists recognised tw’o stages of oxidation in baryta, and perhaps in 
lime. It might be that the problem of the source of the energy of the 
torrent of electrons might be found in the oxidation and reduction of the 
contact substance. He suggested that the action of surfaces might 
ultimately be found to depend on the fact that they formed a support 
for layers of electrified gas in which chemical changes proceeded with 
high velocity. 

Sir Oliver Lodge strongly supported the proposal that experiments 
should be carried out on the velocity of propagation of explosion-waves 
in a magnetic field. The high velocity of the detonation-wave seemed 
to point to the initiation of some new type of chemical change, such as 
a burning of carbon following the burning of sulphur in the combustion 
of carbon bisulphide, or the initiation of a change involving the collision 
of three instead of two molecules. The velocity of sound which had 


^ Compiled by the Sectional Secretaries, 
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been referred to as a factor in connection with the explosion-wave was 
not a constant quantity. A bullet, for instance, cannot really travel 
with a velocity greater than that of sound ; if it did the air would be 
shattered as if by an explosion and the bullet stopped. This result was 
in practice prevented by the compression and consequent heating of the 
air in front of the bullet, whereby the velocity of sound was momentarily 
increased immediately in front of the bullet to perhaps three times its 
ordinary value in accordance with the equation V^ = ?eET. That very 
great heating could thus actually occur was shown by the fact that 
the compression was made use of in the Diesel engine to produce 
ignition. The i*ate of explosion must depend a good deal on the amount 
of exposed surface. Whilst hot surfaces promoted combustion, cool 
surfaces unfortunately had an opposite effect. This was responsible 
for the production of vast quantities of soot and smoke, especially in 
firing steam boilers, and also gave rise to trouble in heating and anneal- 
ing armour-plates. Tf a surface could be discovered which w^ould pro- 
mote combustion even at lower temperatui'es the discovery w^ould be 
of very great value. The escape of an electric charge from a contact 
surface during combustion might very well be purely mechanical, the 
positively-charged adhering layer being literally scraped away by the 
force of the flame. 

Professor H. B. Dixon, referring to his recent work, said that 
Nernst had suggested that a gas fired by compression would be heated 
uniformly and would therefore detonate as a whole. This was not found 
to be the case; the gas actually fires in a particular layer, though the 
explosion begins rather indefinitely, and no well-defined sound-waves 
are propagated from the point of ignition. The explosion of hydrogen 
and chlorine by light ^vas of special interest, as it did not occur in the 
w’^ell-dided gas. In the moist gas there W'as an interval of time before 
explosion took place, similar to the ‘ pre-flame period ’ in gases fired 
by adiabatic compression. But when once the wave was started, 
whether by a spark or a flame or by light, it proceeded independently of 
moisture, and indeed was actually most rapid in the dry gas. The 
explosion was then propagated by molecular collision, and on account 
of its high velocity, probably by collisions between pairs of molecules 
only — a point on which Sir J. Larmor had laid special stress in his 
Wiide lecture. In tHe explosion of hydrogen and oxygen, as in that of 
hydrogen and chlorine, the action started by a spark was propagated as 
well in the dried as in the undried gas. So far experiments on the 
influence of an electric field had given negative results, and the action 
of Eontgen rays on a mixture of hydrogen and chlorine did not render 
it more sensitive to light. 

Supporting the suggestion of Sir J. J. Thomson, he thought it not 
unlikely that an invisible compression-wave might travel just in front 
of the visible fl|ime, the particles being thereby raised to a high tempera- 
ture. The brightness of the flame might well be due to the fact that 
the gas was already very hot before combustion occurred. *He proposed 
to repeat the experiments of exploding gases in a strong magnetic field 
and photographing the flame. 

Professor SmitheiiLS hoped that the report would be carefully read 
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by the members of Section A. The matter had now been carried to a 
point at which the co-operation of physicists was absolutely essential 
for further advance. Chemists had been compelled to acknowledge their 
limitations by using meaningless words such as " catalysis ’ and ‘ con- 
tact-action ' to conceal their ignorance. The real meaning of these 
words might be found if the co-operation of physicists could be secured. 

Professor Aemstbong regretted the absence of the engineers, who 
were discussing, at a separate gathering, a problem which appeared, from 
the printed report of their Committee, to be essentially physical in its znain 
features and almost identical in character with that which Sections A 
and B were now discussing. He dw^elt on the need of an understanding 
being arrived at by chemists and physicists as to the nature of chemical 
change — the phenomena could not well be interpreted either from a 
purely chemical or from a purely physical point of view ; at present they 
could not help one another because they did not understand one another ; 
the two parties did not seem able to arrive at a common understanding, 
nor would they until each could fully appreciate the point of view taken 
by the other. Such meetings as that they were holding were becoming 
of the utmost consequence to the progress of science in these days of 
extreme specialisation. He had heard with pleasure that, at last, Pro- 
fessor Dixon was prepared to admit that the presence of moisture was 
at least necessary in starting the wave of explosion in a mixture of 
hydrogen and chlorine; the speaker thought he would ultimately be 
obliged to admit that it was necessary throughout. 

If moisture be present initially and be instrumental in conditioning 
the explosive wave; it must remain in the wave front and be operative 
throughout the explosion, even supposing the gas in wliich the wave js 
advancing to be dry; an excess of water, however, might well act 
detrimentally by promoting reversals. 

It appeared to him to be now established that action could not take 
place unless a conducting system were formed ; this was equally true of 
ordinary cases of chemical change and of the passage of an elective 
discharge through gases. One member of the system must be an 
electrolyte. (Sir J. J. Thomson here interposed the remark : * What 
is an electrolyte ? ' and appeared to imply that any substance would 
behave as an electrolyte if only a sufficient electromotive force were 
applied.) Professor Armstrong insisted on the need of distinguishing 
between electrolytes and non-electrolytes; he then dwelt on the very 
great importance fzum this point of view of Sir James Dewaz;'s observa- 
tion that the atmosphere of a bulb containing helium could be so far 
purified by means of charcoal cooled by liquid hydrogen that it was 
impossible to pass an electrical discharge across the bulb even when a 
high potential was used, although the vanes of a Crookes’ radiometer 
mounted within it rotated merrily when a heat source was presented to 
the bulb. He insisted on tliis obseiwation as proof that conductivity 
was conditioned not by the mere presence of gas, but of a gas in 
association with the necessary impurity (conducting impurity) to 
render possible the formation of 'conducting systems within the tube. 

[The argument is probably one of great importance in connection 
with the assumption that electrons exist as distinct entities. The 
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substances which are supposed to give o£E electrons when heated are 
all substances that are more or less easily dissociated and the experi- 
ments made with such substances have not been carried out with the 
scrupulous care to remove * impurities * which the observations made 
by Brereton Baker and Dewar have shown to be necessary. There is 
nothing at present to prove that ‘ electrons ' are given ofi otherwise 
than in cases in which an ordinary discharge will pass. Moreover, the 
argument on which the determination of the size of negative electrons 
is based is in no sense one which serves to place their existence beyond 
question. It is now admitted by prominent physicists that molecules 
can carry charges — ^those of helium, for example — so that it is not even 
necessary to assume the existence of dissociated charged ions as carriers 
of electricity. The admission is of some importance, as, in the early 
days of the discussion on electrolysis, the contention that molecules 
and aggregates of molecules might act as carriers was scorned. Com- 
pare * The Conditions Determinative of Chemical Change and of Elec- 
trical Conduction in Gases and on the Phenomenon of Duminosity, ' ^ 
H. B. A.] 

Professor Bone, writing in reply, hoped that this discussion would 
lead to a more active co-operation between physicists and chemists in the 
further investigation and interpretation of gaseous combustion. If it 
be admitted (1) that the forces holding the atoms of a molecule together 
are electrical in character, and (2) that the unit of electricity is corpus- 
cular and capable of independent movement outside the boundary of 
the chemical molecule, it seems probable that such corpuscular electric 
units (‘ electrons *) play some part in gaseous combustion. The utility 
of the ‘ electron ’ theory to chemists, however, will largely depend upon 
its ability to interpret some of the more obscure factors in combustion 
dealt with in the report. 

With regard to the subject of ' surface combustion," recent experi- 
ments carried out by Mr. H. Hartley and himself (the details of which 
would be published shortly) had proved that certain ordinarily non- 
oxidisable metals (silver, gold, &c.) become negatively charged when 
heated at 200*^ to 400^ in either hydrogen or carbon monoxide, and 
positively charged on being similarly heated in oxygen. These surfaces 
also become negatively charged during the catalytic combustion either 
of hydrogen or of carbon monoxide, although there is so far no evidence 
that the main body of the gas outside of the catalysing surface becomes 
‘ ionised " to any appreciable extent. 

If the H- or - charging of the surface really implies the escape 
therefrom of - or h- ‘ electrons ’ respectively with velocities insuffi- 
cient either to ionise the gas outside, or even to allow of their travelling 
far from the surface (so that they would be likely to remain within 
range of the attraction of the layer of opposite sign on the surface), it 
seems at least conceivable that such slowly moving electrons may attach 
themselves to, or condense around them, the molecules of combustible 
gas or of oxygen, which, thus charged, would be attracted to the 
surface. Some such view, if admissible from the standpoint of the 

^ ltoy> Soc. Proc., 1002; 72 , 99. 
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physicists, would seem capable of explaining certain of the phenomena 
of surface combustion ; as, for example, the quite abnormal retarding 
influence of moisture referred to in the report. But before any such 
idea can be confidently adopted as a working hypothesis by chemists, 
ifc will be necessary for physicists to define more clearly than they have 
done hitherto the function and significance of the supposed * electrons * 
in chemical interchanges. From the chemists’ standpoint, a clear state- 
ment of the physicists’ views in relation to these matters is urgently 
needed, and, if forthcoming, would considerably enlarge the field of 
immediate experimental inquiry. 
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Section A.— MATHEMATICAL AND PHYSICAL SCIENCE. 

President oe the Section. — ^Professor E. W. Hobson, D.Sc., 

P.R.S. 


THVItSDAY, SEPTEMBER 1. 

The President delivered the following Address : — 

Since the last meeting of our Association one of the most illustrious of the 
British workers in science during the nineteenth century has been removed from 
us by the death of Sir William Huggins. In the middle of the last century Sir 
William Huggins commenced that pioneer woi'k of examination of the spectra of 
the stars which has ensured for him enduring fame in connection with the 
foundation of the science of Astrophysics. The exigencies of his work of 
analysis of the stellar spectra led him to undertake a minute examination of the 
spectra of the elements with a view to the determination of as many lines as 
possible. To the spectroscope he later added the photographic film as an instru- 
ment of research in his studies of the heavenly bodies. In 1864* Sir William 
Huggins made the important observation that many of the nebulae have spectra 
which consist of bright lines j and two years later he observed, in the case of a 
new star, both bright and dark lines in the same spectrum. In 1868 his pene- 
trating and alert mind made him the first to perceive that the Doppler principle 
could be applied to the determination of the velocities of stars in the line of 
sight, and he at once set about the application of the method. His life-work, in 
a domain of absorbing interest, was rewarded by a rich harvest of discovery, 
obtained as the result of most patient and minute investigations. The ‘ Atlas 
of Eepresentative Stellar Spectra,^ published in the names of himself and Lady 
Huggins, remains as a monumental record of their joint labours. 

The names of the great departments of science, Mathematics, Physics, 
Astronomy, Meteorology, which are associated with Section A, are a sufficient 
indication of the vast range of investigation which comes under the purview of 
our Section. An opinion has been strongly expressed in some quarters that the 
time has come for the erection of a separate Section for Astronomy and Meteor- 
ology, in order that fuller opportunities may be afforded than hitherto for the 
discussion of matters of special interest to those devoted to these departments of 
Science. T do not share this view. I believe that, whilst the customary division 
into sub-sections gives reasonable facilities for the treatment of questions interest- 
ing solely to specialists in the various branches with which our Section is con- 
cerned, a policy of disruption would be injurious to the wider interests of science. 
The close association of the older Astronomy with Mathematics, and of the 
newer Astronomy with Physics, form strong presumptions against the change 
that has been suggested. Meteorology, so far as it goes beyond the purely em- 
pirical region, is, and must always remain, a branch of Physics. No doubt, the 
more technical problems which arise in connection with these subjects, though of 

1910. L L 
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great importance to specialists, are often of little or no interest to workers in 
cognate departments. It appears to me, however, that it is unwise, in view of 
the general objects of the British Association, to give too much prominence in 
the meetings to the more technical aspects of the various departments of science. 
Ample opportunities for the full discussion of all the detailed problems, the solu- 
tion of which forms a great and necessary part of the work of those who are 
advancing science in its various branches, are afforded by the special Societies 
which make those branches their exclusive concern. The British Association 


will, in my view, be performing its functions most efficiently if it gives much 
prominence to those aspects of each branch of science which are of interest to a 
public at least in some degree larger than the circle of specialists concerned with 
the particular branch. To afford an opportunity to workers in any one depart- 
ment of obtaining some knowledge of what is going on in other departments, to 
stimulate by means of personal intercourse with workers on other lines the sense 
of solidarity of men of science, to do something to counteract that tendency to 
narrowness of view which is a danger arising from increasing specialisation, are 
functions the due performance of which may do much to further that supreme 
object, the advancement of science, for which the British Association exists. 


I propose to address to you a few remarks, necessaidly fragmentary and incom- 
plete, upon the scope and tendencies of modern Mathematics. Not to transgress 
against the canon I have laid down, I shall endeavour to make my treatment of 
the subject as little technical as possible. 

Probably no other department of knowledge plays a larger part outside its 
own narrower domain than Mathematics. Some of its more elementary concep- 
tions and methods have become part of the common heritage of our civilisation, 
interwoven in the everyday life of the people. Perhaps the greatest labour- 
saving invention that the world has seen belongs to the formal side of Mathe- 
matics; I allude to our system of numerical notation. This system which, when 
scrutinised, affords the simplest illustration of the importance of Mathematical 
form, has become so much an indispensable part of our mental furniture that 
some effort is required to realise that an apparently so obvious idea embodies 
a great invention ; one to which the Greeks, with their unsurpassed capacity for 
abstract thinking,^ never attained. An attempt to do a multiplication sum in 
Roman numerals is^ perhaps the readiest road to an appreciation of the advan- 
tages of this great invention. In a large group of sciences, the formal element, 
the common language, so to speak, is supplied by Mathematics ; the range of the 
application of mathematical methods and symbolism is ever increasing. Without 
taking too literally the celebrated dictum of the great philosopher Kant, that 
the amount of real science to be found in any special subject is the amount of 
Mathematics contained therein, it must be admitted that each branch of science 
which is concerned with natural phenomena, when it has reached a certain stage 
of developinentf, becomes acces.sible to, and has need of, mathematical methods 
and language ; this stage has, for example, been reached in our time by parts of 
the science of Chemistry, Even Biology and Economics have begun to require 
mathematical methods, at least on their statistical side. As a science emerges 
fpm the stages in which it consists solely of more or less systematised descrip- 
tions of the phenomena with which it is concerned in their more superficial 
aspect; when the intensive magnitudes discerned in the phenomena become re- 
presentable as extensive magnitudes, then is the beginning of the application of 
mathematical inodes of thought; at a still later stage, when the phenomena 
become accessible to dynamical treatment, Mathematics is applicable to the sub- 
ject to a still greater extent. 

Mathematics shares with the closely allied subject of Astronomy the honour 
of being the oldest of the sciences. When we consider that it embodies, in an 
abstract form, some of the more obvious, and yet fundamental, aspects of our 
experience of the external world, this is not altogether surprising. The com- 
paratively high^ degree of development which, as recent historical discoveries 
Have disclosed, it had attamed amongst the Babylonians more than five thousand 
years B.C., inay well astonish us. These times must have been preceded by still 
easier ages in which the mental evolution of man led him to the use of the tally 
measurement, long before the notions of number and of 
appeared m an explicit form. 



PEESIDENTIAL ADDRESS. 


511 


I have said that Mathematics is the oldest of the sciences; a glance at its 
more recent history will show that it has the energy of perpetual youth. The 
output of contributions to the advance of the science during the last century and 
more has been so enormous that it is difficult to say whether pride in the great- 
ness of achievement in his subject, or despair at his inability to cope with the 
multiplicity of its detailed developments, should be the dominant feeling of the 
mathematician. Few people outside the small circle of mathematical specialists 
have any idea of the vast growth of mathematical literature- The Eoyal Society 
Catalogue contains a list of nearly thirty-nine thousand papers on subjects of Pure 
Mathematics alone, which have appeared in seven hundred serials during the nine- 
teenth century. This represents only a portion of the total output ; the very large 
number of treatises, dissertations, and monographs published during the century 
being omitted. During the first decade of the twentieth century this activity has 
proceeded at an accelerated rate. Mathematical contributions to Mechanics, 
Physics, and Astronomy would greatly swell the total. A notion of the range of 
the literature relating not only to Pure Mathematics but also to all branches of 
science to which mathematical methods have been applied will be best obtained by 
an examination of that monumental work, the ‘Encyclopadie der mathematischen 
Wissenschaften * — ^when it is completed. 

The concepts of the pm^e mathematician, no less than those of the physicist, 
had their origin in physical experience analysed and clarified by the reflective 
activities of the human mind; but the two sets of concepts stand on different 
planes in regard to the degree of abstraction which is necessary in their forma- 
tion. Those of the mathematician are more remote from actual unanalj’-sed per- 
cepts than are those of the physicist, having undergone in their formation a more 
complete idealisation and removal of elements inessential in regard to the purposes 
for which they are constructed. This difference in the planes of thought fre- 
quently gives rise to a certain misunderstanding between the mathematician and 
the physicist, due in the case of either to an inadequate appreciation of the point 
of view of the other. On the one hand it is frequently and truly said of par- 
ticular mathematicians that they are lacking in the physical instinct ; and on the 
other hand a certain lack of sympathy is frequently manifested on the part of 
physicists for the aims and ideals of the mathematician. The habits of mind 
and the ideals of the mathematician and of the physicist cannot be of an identical 
character. The concepts of the mathematician necessarily lack, in their pure 
form, just that element of concreteness which is an essential condition of the 
success of the physicist, but which to the mathematician would often only obscure 
those aspects of things which it is his province to study. The abstract mathe- 
matical standard of exactitude is one of which the physicist can make no direct 
use. The calculations in Mathematics are directed towards ideal precision, those 
in Physics consist of approximations within assigned limits of error. The 
physicist can, for example, make no direct use of such an object as an irrational 
number ; in any given case a properly chosen rational number approximating to 
the irrational one is sufficient for his purpose. Such a notion as continuity, as 
it occurs in Mathematics, is, in its purity, unknown to the physicist, who can 
make use only of sensible continuity. The physical counterpart of mathematical 
discontinuity is very rapid change through a thin layer of transition, or during 
a very short time. Much of the skill of the true mathematical physicist and of 
the mathematical astronomer consists in the power of adapting methods and 
results carried out on an exact mathematical basis to obtain approximations suffi- 
cient for the purposes of physical measurement. It might perhaps be thought 
that a scheme of Mathematics on a frankly approximative basis would be sufl&- 
cient for all the practical purposes of application in Physics, Engineering Science, 
and Astronomy; and no doubt it would be possible to develop, to some extent 
at least, a species of Mathematics on these lines. Such a system would, how- 
ever, involve an intolerable awkwardness and prolixity in the statement of results^ 
especially in view of the fact that the degrees of approximation necessary for 
various purposes are very different, and thus that unassigned grades of approxi- 
mation would have to be provided for. Moreover the mathematician working 
on these lines would be cut off from his chief sources of inspiration, the ideals 
of exactitude and logical rigour, as well as from one of his most indispensable 
guides to discovery, symmetry and permanence of mathematical form. The 
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history of the actual movements of mathematical thought through the centuries 
shows that these ideals are the very life-blood of the science, and warrants the 
conclusion that a constant striving towards their attainment is an absolutely 
essential condition of vigorous growth. These ideals have their roots in irresistible 
impulses and deep-seated needs of the hmnan mind, manifested in its efforts to 
introduce intelligibility into certain great domains of the world of thought. 

There exists a widespread impression amongst physicists, engineers, and other 
men of science that the effect of recent developments of Pure Mathematics, by 
making it more abstract than formerly, has been to remove it further from the 
order of ideas of those who are primarily concerned with the physical world. 
The prejudice that Pure Mathematics has its sole raison d'Hre in its function of 
providing useful tools for application in the physical sciences, a prejudice which 
did much to retard the due development of Pure Mathematics in this country 
during the nineteenth century, is by no means extinct. It is not infrequently 
said that the present devotion of many mathematicians to the interminable dis- 
cussion of purely abstract questions relating to modern developments of the 
notions of number and function, and to theories of algebraic form, serves only 
the purpose of deflecting them from their proper work into paths which lead 
nowhere. It is considered that mathematicians are apt to occupy themselves too 
exclusively with ideas too remote from the physical order in which INIathematics 
had its origin and in which it should still find its proper applications. A direct 
answer to the question e.%ii hono? when it is raised in respect of a department of 
study such as Pure Mathematics, seldom carries conviction, in default of a 
standard of values common to those who ask and to those who answer the 
question. To appreciate the importance of a sphere of mental activity different 
from oiir own always requires some effort of the sympathetic imagination, some 
recognition of the fact that the absolute value of interests and ideals of a par- 
ticular class may be much greater than the value which our own mentality inclines 
us to attach to them. If a defence is needed of the expenditure of time and 
energy on the abstract problems of Pure Mathematics, that defence must be of 
a cumulative character. The fact that abstract mathematical thinking is one 
of the normal forms of activity of the human mind, a fact which the general 
history of thought fully establishes, will appeal to some minds as a ground of 
decisive weight. A great department of thought must have its own inner life, 
however transcendent may be the importance of its relations to the outside. No 
department of science, least of all one requiring so high a degree of mental con- 
centration as Mathematics, can be developed entirely, or even mainly, with a 
view to applications outside its own range. The increased complexity and 
specialisation of all branches of knowledge makes it true in the present, however 
it may have been in former times, that important advances in such a department 
as Mathematics can be expected only from men who are interested in the subject 
for its own sake, and who, whilst keeping an open mind for suggestions from 
outside, allow their thought to range freely in those lines of advance which are 
indicated by the present state of their subject, untrammelled by any preoccupa- 
tion as to applications to other departments of science. Even with a view to 
applications, if Mathematics is to be adequately equipped for the purpose of 
coping with the intricate problems which will he presented to it in the future by 
Physics, Chemistry, and other branches of physical science, many of these 
problems probably of a character which we cannot at present forecast, it is 
essential that Mathematics should be allowed to develop itself freely on its own 
lines. Even if much of our present mathematical theorising turns out to be use- 
less for external purposes, it is wiser, for a well-known reason, to allow the 
wheat and the tares to grow together. It would be easy to establish in detail 
that many of the applications which have been actually made of Mathematics 
were wholly unforeseen by those who first developed the methods and ideas on 
which they rest. Eecently, the more refined mathematical methods which have 
been applied to gravitational Astronomy by Delaunay, G. W. Hill, Poincare, 
B. W, Brown, and others, have thrown much light on questions relating to the 
solar system, and have much increased the accuracy of cur knowledge of the 
motteis of the moon and the planets. Who knows- what weapons forged by the 
iheopiest of functions, of differential equations, or of groups, may be required 
when the Umo cmm for such an empirical law as Mendeleeff’s periodic law of 



PBESIDENO'IAL ADDRESS. 


513 


the elements to receive its dynamical explanation by means of an analj^sis of the 
detailed possibilities of relatively stable types of motion, the general schematic 
character of which will have been indicated by the physicist ? It is undoubtedly 
true that the cleft between Pure Mathematics and Physical Science is at the present 
time wider than formerly. That is, however, a result of the natural development, 
on their own lines, of both subjects. In the classical period of the eighteenth 
century, the time of Lagrange and Laplace, the nature of the physical investiga- 
tions, consisting largely of the detailed working out of problems of gravitational 
Astronomy in accordance with Newton’s law, was such that the passage was 
easy from the concrete problems to the corresponding abstract mathematical 
ones. Later on, mathematical physicists were much occupied with problems 
which lent themselves readily to treatment by means of continuous analysis. In 
our own time the effect of recent developments of Physics has been to present 
problems of molecular and sub-molecular Mechanics to which continuous analysis 
is not at least directly applicable, and can only be made applicable by a process 
of averaging the effects of great swarms of discrete entities. The speculative 
and incomplete character of our conceptions of the structure of the objects of 
investigation has made the applications of Dynamics to their detailed elucidation 
tentative and partial. The generalised dynamical scheme developed by 
Lagrange and Hamilton, with its pow’er of dealing with systems, the detailed 
structure of which is partially unknown, has however proved a powerful weapon 
of attack, and affords a striking instance of the deep-rooted significance of 
mathematical form. The wonderful and perhaps unprecedentedly rapid dis- 
coveries in Physics which have been made in the last two decades have given 
rise to many questions which are as yet hardly sufficiently definite in form to be 
ripe for mathematical treatment; a necessary condition of which treatment con- 
sists in a certain kind of precision in the data of the problems to be solved. 

The difficulty of obtaining an adequate notion of the general scope and aims 
of Mathematics, or even of special branches of it, is perhaps greater than in the 
case of any other science. Many persons, even such as have made a serious and 
prolonged study of the subject, feel the difficulty of seeing the wood for trees. 
The severe demands made upon students by the labour of acquiring difficult 
technique largely accounts for this ; but teachers might do much to facilitate the 
attainment of a wider outlook by directing the attention of their students to the 
more general and less technical aspects of the various parts of the subject, and 
especially by the introduction into the courses of instruction of more of the 
historical element than has hitherto been usual. 

Ail attempts to characterise the domain of Mathematics by means of a formal 
definition which shall not only be complete, but which shall also rigidly mark 
oft' that domain from the adjacent provinces of Formal Logic on the one side and 
of Physical Science on the other side, are almost certain to meet -with but doubt- 
ful success; such success as they may attain will probably be only transient, in 
view of the power which the science has always shown of constantly extending 
its borders in unforeseen directions. Such definitions, many of which have been 
advanced, are apt to err by excess or defect, and often contain distinct traces 
of the personal predilections of those who formulate them. There was a time 
when it would have been a tolerably sufficient description of Pure Mathematics 
to say that its subject-matter consisted of magnitude and geometrical form. 
Such a description of it would be wholly inadequate at the present day. Some 
of the most important branches of modern Mathematics, such as the theory of 
groups, and Universal Algebra, are concerned, in their abstract forms, neither 
with magnitude nor with number, nor with geometrical form. That great 
modern development. Projective Geometry, has been so formulated as to be 
independent of all metric considerations. Indeed the tendency of mathema- 
ticians under the influence of the movement known as the Arithmetisation of 
Analysis, a movement which has become a dominant one in the last few decades, 
is to banish altogether the notion of measurable quantity as a conception neces- 
sary to Pure Mathematics; Number, in the extended meaning it has attained, 
taking its place. ^ Measurement is regarded as one of the applications, but as no 
part of ^ the basis, of mathematical analysis. Perhaps the least inadequate 
description of the general scope of modern Pure Mathematics — I will not call it 
a definition — would be to say that it deals with /orm, in a very general sense of 
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the term; this would include algebraic form, geometrical form, functional rela- 
tionship, the relations of order in any ordered set of entities such as numbers, 
and the analysis of the peculiarities of form of groups of operations. A strong 
tendency is manifested in many of the recent definitions to break down the line 
of demarcation which was formerly supposed to separate Mathematics from 
formal logic; the rise and development of symbolic logic has no doubt^ em- 
phasised this tendency. Thus Mathematics has been described by the eminent 
American mathematician and logician B. Pierce as ‘the Science which draws 
necessary conclusions,’ a pretty complete identification of Mathematics with 
logical procedure in general. A definition which appears to identify all Mathe- 
matics with the Mengenlehre, or Theory of Aggregates, has been given by^ E. 
Papperitz : ‘ The subject-matter of Pure Mathematics consists of the relations 
that can be established between any objects of thought when we regard those 
objects as contained in an ordered manifold; the law of order of this manifold 
must be subject to our choice.’ The form of definition which illustrates most 
strikingly the tendencies of the modern school of logistic is one given by Mr. 
Bertrand Bussell. I reproduce it here, in order to show how wide is the chasm 
between the modes of expression of adherents of this school and those of mathe- 
maticians under the influence of the ordinary traditions of the science. Mr. 
Bussell writes:^ ‘Pure Mathematics is the class of all propositions of the 
form “t? implies where f and q are propositions containing one or more 
variables, the same in the two propositions, and neither f nor q contains any 
constants except logical constants. And logical constants are all notions definable 
in terms of the following : Implication, the relation of a term to a class of which 
it is a member the notion of such that, the notion of relation, and such further 
notions as may be involved in the general notion of propositions of the above 
form. In addition to these, Mathematics mes a notion which is not a constituent 
of the propositions which it considers — ^namely, the notion of truth.’ 

The belief is very general amongst instructed persons that the truths of 
Mathematics have absolute certainty, or at least that there appertains to them the 
highest degree of certainty of which the human mind is capable. It is thought 
that a valid mathematical theorem is necessarily of such a character as to compel 
belief in any mind capable of following the steps of the demonstration. Any 
considerations tending to weaken this belief would be disconcerting and would 
cause some degree of astonishment. At the risk of this, I must here mention 
two facts which are of considerable importance as regards an estimation of the 
precise character of mathematical knowledge. In the first place, it is a fact 
that frequently, and at various times, differences of opinion have existed among 
mathematicians, giving rise to controversies as to the validity of whole lines of 
reasoning and affecting the results of such reasoning; a considerable amount of 
difference of opinion of this character exists among mathematicians at the present 
time. In the second place, the accepted standard of rigour, that is, the standard 
of what is deemed necessary to constitute a valid demonstration, has undergone 
change in the course of time. Much of the reasoning which was formerly regarded 
as satisfactory and irrefutable is now regarded as insufficient to establish the 
results which it was employed to demonstrate. It has even been shown that 
results which were once supposed to have been fully established by demonstrations 
are, in point of fact, affected with error. I propose here to explain in general 
terms how these phenomena are possible. 

In every subject of study, if one probes deep enough, there are found to be 
points in which that subject comes in contact with general philosophy, and where 
differences of philosophical view will ha%"e a greater or less influence on tfie 
attitude of the mind towards the principles of the particular subject. This is 
not surprising when *s^e reflect that there is but one universe of thought, that 
no department of knowledge can be absolutely isolated, and that metaphysical 
and psychological implications are a necessary element in all the activities of 
the mind. A particular department, such as Mathematics, is compelled to set up 
a more or less artificial frontier, which marks it off from general philosophy. This 
frontier consists of a set of regulative ideas in the form of indefinables and 
axioms, partly ontological assumptions, and partly postulations of a logical 

^ PrindpUs of MathtTmim, p. 1. 
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character. To go behind these, to attempt to analyse their nature and origin, 
and to justify their validity, is to go outside the special department and to touch 
on the domains of the metapliysician and the psychologist. Whether they are 
regarded as possessing apodictic certainty or as purely hypothetical in character, 
these ideas represent the data or premisses of the science, and the whole of its 
edifice is dependent upon them. They serve as the foundation on which aU is 
built, as well as the frontier on the side of philosophy and psychology. A set 
of data ideally perfect in respect of precision and permanence is unattainable — or 
at least has not yet been attained; and the adjustment of frontiers is one of 
the most frequent causes of strife. As a matter of fact, variations of opinion 
have at various times arisen within the ranks of. the mathematicians as to the 
nature, scope, and proper formulation of the principles which form the founda- 
tions of the science, and the views of mathematicians in this regard have always 
necessarily been largely affected by the conscious or unconscious attitude of par- 
ticular minds towards questions of general philosophy. It is in this region, I 
think, that the source is to be found of those remarkable differences of opinion 
amongst mathematicians which have come into prominence at various times, and 
have given rise to much controversy as to fundamentals. Since the time of 
Newton and Leibnitz there has been almost unceasing discussion as to the proper 
foundations for the so-called infinitesimal calculus. ]\fore recently, questions 
relating to the foundations of geometry and rational mechanics have much 
occupied the attention of mathematicians. The very great change which has 
taken place dmnng the last half-century in the dominant view of the foundations 
of mathematical analysis — a change which has exercised a great influence extend- 
ing through the whole detailed treatment of that subject — although critical in its 
origin, has been constructive in its results. The Mengenlehre, or theory of 
aggregates, had its origin in the critical study of the foundations of analysis, but 
has already become a great constructive scheme, is indispensable as a method 
in the investigations of analysis, provides the language requisite for the statement 
in precise form of analytical theorems of a general character, and, moreover, has 
already found important applications in geometry. In connection with^ the 
Mengenlehre there has arisen a controversy amongst mathematicians which is at 
the present time far from having reached a decisive issue. The exact point at 
issue is one which may be described as a matter of mathematical ontology ; it turns 
upon the question of what constitutes a valid definition of a mathematical object. 
The school known as mathematical ‘ idealists * admit, as valid objects of mathe- 
matical discussion, entities which the rival * empiricist * school regard as non- 
existent for mathematical thought, because insufficiently defined. It is clear that 
the idealist may build whole superstructures on a foundation which the empiricist 
regards as made of sand, and this is what has actually happened in some of the 
recent developments of what has come to be known as Cantorism. The difference 
of view of these rival schools, depending as it does on deep-seated differences of 
philosophical outlook, is thought by some to be essentially irreconcilable. This 
controversy was due to the fact that certain processes of reasoning, of very con- 
siderable plausibility, which had been employed by G. Cantor, the founder of the 
Mengenlehre, had led to results which contained flat contradictions. The efforts 
made to remove these contradictions, and to trace their source, led to the discus- 
sion, disclosing much difference of opinion, of the proper definitions and principles 
on which the subject should be based. 

The proposition 7+5 = 12, taken as typical of the propositions expressing the 
results of the elementary operations of arithmetic, has since the time of Kant 
given rise to very voluminous discussion amongst philosophers, in relation to the 
precise meaning and implication of the operation and the terms. It will, how- 
ever, be^ maintained, probably by the majority of mankind, that the theorem 
retains its validity as stating a practically certain and useful fact, whatever 
view philosophers may choose to take of its precise nature — as, for example, 
whether it represents, in the language of Kant, a synthetic or an analytic 
judgment. It may, I think, be admitted that there is much cogency in this view ; 
and, wpe Mathematics concerned with the elementary operations of arithmetic 
alone, it could fairly be held that the mathematician, like the practical man of 
the world, might without much risk shut his eyes and ears to the discussions of 
the philosophers on such points. The exactitude of such a proposition, in a suffi- 
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ciently definite sense for practical purposes, is empirically verifiable by sensuous 
intuition, whatever meaning the metaphysician may attach to it. But Mathematics 
cannot Be built up from the operations of elementary arithmetic without the intro- 
duction of further conceptual elements. Except in certain very simple cases no 
process of measurement, such as the determination of an area or a volume, can be 
carried out with exactitude by a finite number of applications of the operations 
of ai’ithmetic. The result to be obtained appears in the form of a limit, corre- 
sponding to an interminable sequence of aiithmetical operations. The notion of 
‘limit,’ in the definite form given to it by Cauchy and his followers, together 
with the closely related theory of the arithmetic continuum, and the notions of 
continuity and functionality, lie at the very heart of modern analysis. Essentially 
bound up -with this central doctrine of limits is the concept of a non-finite set of 
entities, a concept which is not directly derivable from sensuous intuition, but 
which is nevertheless a necessary postulation in mathematical analysis. The 
conception of the infinite, in some form, is thus indispensable in Mathematics ; and 
this conception requires precise characterisation by a scheme of exact definitions, 
prior to all the processes of deduction required in obtaining the detailed results of 
analysis. The formulation of this precise scheme gives an opening to differences 
of philosophical opinion which has led to a variety of views as to the proper 
character of those definitions which involve the concept of the infinite. Here is 
the point of divergence of opinion among mathematicians to which I have alluded 
above. Under what condiiions is a non-finite aggregate of entities a properly 
defined object of mathematical thought, of such a character that no contradictions 
will arise in the theories based upon it ? That is the question to which vairying 
answers have been offered by different mathematical thinkers. No one answer 
of a completely general character has as yet met with universal acceptance. 
Physical intuition offers no answer to such a question j it is one which abstract 
thought alone can settle. It cannot be altogether avoided, because, without the 
notion of the infinite, at least in connection with the central conception of the 
‘ limit,’ mathematical anal^ysis as a coherent body of thought falls to the ground. 

Both in geometry and in analysis our standard of what constitutes a rigorous 
demonstration has in the course of the nineteenth century undergone an almost 
revolutionary change. That oldest text-book of science in the world, ‘ Euclid’s 
Elements of Geometry,’ has been popularly held for centuries to be the very model 
of deductive logical demonstration. Criticism has, however, largely invalidated 
this view. It appears that, at a large number of points, assumptions not included 
in the preliminary axioms and postulates are made use of. The fact that these 
assumptions usually escape notice is due to their nature and origin. Derived as 
they are from our spatial intuition, their very self -evidence has allowed them to 
be ignored, although their truth is not more obvious empirically than that of other 
assumptions derived from the same source which are included in the axioms and 
postulates explicitly stated as part of the foundation of Euclid’s treatment of the 
subject. The method of superimposition, employed by Euclid with obvious 
reluctance, but forming an essential part of his treatment of geometry, is, when 
regarded from his point of view, open to most serious objections as regards its 
logical coherence. In analysis, as in geometry, the older methods of treatment 
consisted of processes of deduction eked out by the more or less surreptitious 
introduction, at numerous points in the subject, of assumptions only justifiable by 
spatial intuition. The result of this deviation from the purely deductive method 
was more disastrous in the case of analysis than in geometry, because it led to much 
actual error in the theory. For example, it was held until comparatively recently 
that a continuous function necessaiily possesses a differential coefficient, on the 
ground that a curve always has a tangent. This we now know to be quite 
erroneous, when any reasonable definition of continuity is employed. The first 
step in the discovery of this error was made when it occurred to Ampere that the 
existence of the differential coefficient could only be asserted as a theorem requir- 
ing proof ; and he himself published an attempt at such proof. The erroneous 
character of the former belief on this matter was most strikingly exhibited when 
Weierstrass produced a function which is everywhere continuous, but which 
nowlmre possesses a differential coefficient,* such functions can now be constructed 
It is not too much to say that no one of the general theorems of 
is tame without the introduction of limitations and conditions which were 
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entirely unknown to the discoverers of those theorems. It has been the task of 
mathematicians under the lead of such men as Cauchy, Riemann, Weierstrass, 
and G. Cantor, to carry out the work of reconstruction of mathematical analysis, 
to render explicit all the limitations of the truth of the general theorems, and to 
lay down the conditions of validity of the ordinary analytical operations. 
Physicists and others often maintain that this modern extreme precision amounts 
to an unnecessary and pedantic purism, because in all practical applications of 
Mathematics only such functions are of importance as exclude the remoter possi* 
bilities contemplated by theorists. Such objections leave the true mathematician 
unmoved ; to him it is an intolerable defect that, in an order of ideas in which 
absolute exactitude is the guiding ideal, statements should be made, and processes 
employed, both of which are subject to unexpressed qualifications, as conditions 
of their truth or validity. The pure mathematician has developed a specialised 
conscience, extremely sensitive as regards sins against logical precision. The 
physicist, with his conscience hardened in this respect by the rough-and-tumble 
work of investigating the physical world, is apt to regard the more tender organ 
of the mathematician with that feeling of impatience, not unmingled with con- 
tempt, which the man of the world manifests for what he considers to be over- 
scrupulosity and unpracticality. 

It is true that we cannot conceive how such a science as Mathematics could 
have come into existence apart from physical experience. But it is also true that 
physical percepts, as given directly in unanalysed experience, are wholly unfitted 
to form the basis of an exact science. Moreover, physical intuition fails alto- 
gether to afford any trustworthy guidance in connection with the concept of the 
infinite, which, as we have seen, is in some form indispensable in the formation 
of a coherent system of mathematical analysis. The hasty and uncritical exten- 
sion to the region of the infinite of results which ax'e true and often obvious^ in 
the region of the finite, has been a fruitful source of error in the past, and remains 
as a pitfall for the unwary student in the present. The notions derived from 
physical intuition must be transformed into a scheme of exact definitions and 
axioms before they are available for the mathematician, the necessary precision 
being contributed by the mind itself. A very remarkable fact in connection with 
this process of refinement of the rough data of experience is that it contains an 
element of arbitrariness, so that the result of the process is not necessarily 
unique. The most striking example of this want of uniqueness in the conceptual 
scheme so obtained is the case of geometry, in which it has been shown to be 
possible to set up various sets of axioms, each set self-consistent, but inconsistent 
with any other of the sets, and yet such that each set of axioms, at least under 
suitable limitations, leads to results consistent with our perception of actual 
space-relations. Allusion is here made, in particular, to the well-known geometries 
of Lobatchewsky and of Riemann, which differ from the geometry of Euclid in 
respect of the axiom of parallels, in place of which axioms inconsistent with that 
of Euclid and with one another are substituted. It is a matter of demonstration 
that any inconsistency which might be supposed to exist in the scheme known as 
hyperbolic geometry, or in that known as elliptic geometry, would necessarily 
entail the existence of a corresponding inconsistency in Euclid’s set of axioms. 
The three geometries therefore, from the logical point of view, are completely on 
a par with one another. An interesting mathematical result is that all efforts to 
prove Euclid’s axiom of parallels, t.e., to deduce it from his other axioms, are 
doomed to necessary failure; this is of importance in view of the many efforts 
that have been made to obtain the proof referred to. When the question is raised 
which of these geometries is the true one, the kind of -answer that will be given 
depends a good deal on the view taken of the relation of conceptual schemes in 
general to actual experience. It is maintained by M. Poincar6, for example, that 
the question which is the true scheme has no meaning; that it is, in fact, entirely 
a matter of convention and convenience which of these geometries is actually 
employed in connection with spatial measurements. To decide between them by 
a crucial test is impossible, because our space perceptions are not sufficiently exact 
in the mathematical sense to enable us to decide between the various axioms of 
parallels. Whatever views are taken as to the difficult questions that arise 
in this connection, the contemplation and study of schemes of geometry wider 
than that of Euclid, and some of them including Euclid’s geometry as a special 
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case, is of great interest not only from the purely mathematical point of view, but 
also in relation to the general theory of knowledge, in that, owing to the results of 
this study, .some change is necessitated in the views which have been held by 
philosophers as to what is known as Kant’s space-problem. 

. The school of thought which has most emphasised the purely logical aspect of 
Mathematics is that which is represented in this country by Mr. Bertrand Eussell 
and Br. Whitehead, and which has distinguished adherents both in Europe and 
in America. The ideal of this school is a presentation of the whole of Mathe- 
matics as a deductive scheme in which are employed a certain limited number of 
indefinables and unprovable axioms, by means of a procedure in which all possi- 
bility of the illicit intrusion of extraneous elements into the deduction is 
excluded by the employment of a symbolism in which each symbol expresses a 
certain logical relation. This school receives its inspiration from a peculiar 
form of philosophic realism which, in its revolt from idealism, produces in the 
adherents of the school a strong tendency to ignore altogether the psychological 
implications in the movements of mathematical thought. This is carried so far 
that in their writings no explicit recognition is made of any psychological factors 
in the selection of the indefinables and in the formulation of the axioms upon 
which the whole structure of Mathematics is to be based. The actually^ woi'ked- 
out part of their scheme has as yet reached only the mere fringe of modern 
Mathematics as a great detailed body of doctrine ; but to any objection to the 
method on the ground of the prolixity of the treatment which would be necessary 
to carry it out far enough to enable it to embrace the various branches of Mathe- 
matics in all the wealth of their present development, it would probably be replied 
that the main point of interest is to establish in principle the possibility only of 
subsuming Pure Mathematics under a scheme of logistic. It is quite impossible 
for me here to attempt to discuss, even in outline, the tenets of this school, or 
even to deal with the interesting question of the possibility of setting up a final 
system of indefinables and axioms which shall suffice for all present and future 
developments of Mathematics. 

I am very far from wishing to minimise the high philosophic interest of the 
attempt made by the Peano-Russell school to exhibit Mathematics as a scheme of 
deductive logic. I have myself emphasised above the necessity and importance of 
fitting the results of mathematical research in their final form into a framework 
of deduction, for the purpose of ensuring the complete precision and the verifica- 
tion of the various mathematical theories. At the same time it must be recog- 
nised that the purely deductive method is wholly inadequate as an instrument of 
research. Whatever view may be held as regards the place of psychological 
implications in a completed body of mathematical doctrine, in research the 
psychological factor is of paramount importance. The slightest acquaintance with 
the history of Mathematics establishes the fact that discoveries have seldom, or 
never, been made by purely deductive processes. The results are thrown into a 
purely deductive form after, and often long after, their discovery. In many cases 
the purely deductive form, in the full sense, is quite modern. The possession 
of a body of indefinables, axioms, or postulates, and symbols denoting logical 
relation, would, taken by itself, be wholly insufficient for the development of a 
mathematical theory. With these alone the mathematician would be unable to 
move a step. ^ In face of an unlimited number of possible combinations a prin- 
ciple of selection of such as are of interest, a pui'posive element, and a perceptive 
faculty are essential for the development of anything new. In the process of 
discovery the chains in a sequence of logical deduction do not at first arise in their 
final order in the mind of the mathematical discoverer. ,He divines the results 
before they are established; he has an intuitive grasp of the general line of a 
demonstration long before he has filled in the details. A developed theory, or 
even a demonstration of a single theorem, is no more identical with a mere com- 
plex of syllogisms than a melody is identical with the mere sum of the musical 
notes employed in its composition. In each case the whole is something more than 
merely the sum of its parts ; it has a unity of its own, and that unity must be, 
in some measure at least, discerned by its creator before the parts fall completely 
their places. Logic is, so to speak, the grammar of Mathematics; but a 
of the rules, of grammar and the letters of the alphabet would not be 
equipment to en;^le a man to write a book. There is much room for 
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individuality in the modes of mathematical discovery. Some great mathematicians 
have employed largely images derived from spatial intuition as a guide to their 
results ; others appear wholly to have discarded such aids, and were led by a fine 
feeling for algebraic and other species of mathematical form. A certain tentative 
process is common, in which, by the aid of results known or obtained in special 
cases, generalisations are perceived and afterwards established, which take up 
into themselves all the special cases so employed. Most mathematicians leave 
some traces, in the final presentation of their work, of the scaffolding they have 
employed in building their edifices : some much more than others. 

The difference between a mathematical theory in the making and as a finished 
product is, perhaps, most strikingly illustrated by the case of geometry, as pre- 
sented in its most approved modern shape. It is not too much to say that 
geometry, reduced to a purely deductive form — as presented, for example, by 
Hilbert, or by some of the modern. Italian school — has no necessary connection 
with space. The words ‘point,* ‘line,* ‘plane* are employed to denote any 
entities whatever which satisfy certain prescribed conditions of relationship. 
Various premisses are postulated that would appear to be of a. perfectly arbitrary 
nature, if we did not know how they had been suggested. In that division of 
the subject known as metric geometry, for example, axioms of congruency are 
assumed which, by their purely abstract character, avoid the very real difficulties 
that arise in this regard in reducing perceptual space-relations of measurements to 
a purely conceptual form. Such schemes, triumphs of constructive thought at its 
highest and most abstract level as they are, could never have been constructed 
apart from the space-perceptions that suggested them, although the concepts of 
spatial origin are transformed almost out of recognition. But what I want to 
call attention to here is that, apart from the basis of this geometry, mathe- 
maticians would never have been able to find their way through the details of the 
deductions without having continual recourse to the guidance given them by 
spatial intuition. If one attempts to follow one of the demonstrations of a par- 
ticular theorem in the work of writers of this school, one would find it quite 
impossible to retain the steps of the process long enough to master the whole, 
without the aid of the very spatial suggestions which have been abstracted. This 
is perhaps sufficiently warranted by the fact that writers of this school find it 
necessary to provide their readers with figures, in order to avoid complete 
bewilderment in following the demonstrations, although the processes, being 
purely logical deductions from premisses of the nature I have described, deal only 
with entities which have no necessary similarity to anything indicated by the 
figures. 

A most interesting account has been written by one of the greatest mathe- 
maticians of our time, M, Henri Poincare, of the way in which he was led to some 
of his most important mathematical discoveries.^ He describes the process of 
discovery as consisting of three stages : the first of these consists of a long effort 
of concentrated attention upon the problem in hand in all its bearings ; during the 
second stage he is not consciously occupied with the subject at all, but at some 
quite unexpected moment the central idea which enables him to surmount the 
difficulties, the nature of which he had made clear to himself during. the first 
stage, flashes suddenly into his consciousness. The third stage consists of the 
work of carrying out in detail and reducing to a connected form the results to 
which he is led by the light of his central ideaj this stage, like the first, is one 
requiring conscious effort. This is, I think, clearly not a description of a purely 
deductive process ,■ it is assuredly more interesting to the psychologist than to the 
logician. We have here the account of a complex of mental processes in which it 
is certain that the reduction to a scheme of precise logical deduction is the latest 
stage. After all, a mathematician is a human being, not a logic-engine. Who 
that has studied the works of such men as Euler, Lagrange, Cauchy, Riemann, 
Sophus Lie, and Weierstrass, can doubt that a great mathematician is a great 
artist ? The faculties possessed by such men, varying greatly in kind and degree 
with the individual, are analogous to those requisite for constructive art. Not 
every great mathematician possesses in a specially high degree that critical faculty 
which finds its employment in the perfection of form, in conformity with the 


^ See the Revm du Moh for 1908. 
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ideal of logical completeness; but every great mathematician possesses the rarer 
facility of constructive imagination. 

The actual evolution of mathematical theories proceeds by a process of induc- 
tion strictly analogous to the method of induction employed in building up the 
physical sciences ; observation, comparison, classification, trial, and generalisation 
are essential in both cases. Not only are special results, obtained independently 
of one another, frequently seen to be really included in some generalisation, but 
branches of the subject which have been developed quite independently of one 
another are sometimes found to have connections which enable them to he 
synthesised in one single body of doctrine. The essential nature of mathematical 
thought manifests itself in the discernment of fundamental identity in the mathe- 
matical aspects of what are superficially very different domains. A striking 
example of this species of immanent identity of mathematical form was exhibited 
by the discovery of that distinguished mathematician, our General Secretary, 
Major Macmahon, that all possible Latin squares are capable of enumeration by 
the consideration of certain differential operators. Here we have a case in which 
an enumeration, which appears to be not amenable to direct treatment, can 
actually be carried oufc in a simple manner when the underlying identity of the 
operation is recognised with that involved in certain operations due to differential 
operators, the calculus of which belongs superficially to a wholly different region 
of thought from that relating to Latin squares. The modern abstract theory of 
groups affords a very important illustration of this point; all sets of operations, 
whatever be their concrete character, which have the same group, are from the 
point of view of the abstract theory identical, and an analysis of the properties of 
the abstract group gives results^ which are applicable to all the actual sets of 
operations, however diverse their character, which are dominated by the one 
group. The characteristic feature of any special geometrical scheme is known 
when the group of transformations which leave unaltered certain relations of 
fibres has been assigned. Two schemes in which the space elements may be quite 
different have this fundamental identity, provided they have the same group; 
every special theorem is then capable of interpretation as a property of figures 
either in the one or in the other geometry. The mathematical physicist is familiar 
with the fact that a single mathematical theory is often capable of interpretation 
in relation to a variety of physical phenomena. In some instances a mathematical 
formulation, as in some fashion representing observed facts, has survived the 
physical theory it was originally devised to represent. In the case of electro- 
magnetic and optical theory, there appears to be reason for trusting the equations, 
even when the proper physical interpretation of some of the vectors appearing in 
them IS a matter of uncertainty and gives rise to much difference of opinion; 
another instance of the fundamental nature of mathematical form. 

One of the most general mathematical conceptions is that of functional rela- 
tionship, or * functionality.* Starting originally from simple cases such as a 
function represented by a power of a variable, this conception has, under the 
presswe of the needs of expanding mathematical theories, gradually attained the 
completeness of generality which it possesses at the present time. The opinion 
appears to be gaming ground that this very general conception of functionality, 
born on mathematical ground, is destined to supersede the narrower notion of 
causation, traditional in connection with the natural sciences. As an abstract 
Jormulation of the idea of determination in its most general sense, the notion of 
functionality includes and transcends the more special notion of causation as a 
one-sided determmation of future phenomena by means of present conditions : it 
can be used to express the fact of the subsumption under a general law of past, 
present, and figure alike, in a sequence of phenomena. From this point of view 
the remark of Huxley that Mathematics ‘ knows nothing of causation ’ could onlv 
be taken to express the whole truth, if by the term ‘causation’ is understood 

notion hp, however, in recent times been to an 
^ irrelevant in the natural sciences as it is in 

^^orough-gqing determinancy, in accordance with 
form! law, being thought to be alone significant in either domain 

^ present address have, in the main, had 
^“thematies as a living and growing acienoe related to and per- 
jswato&tfflmr great departments of knowledge. The small remaining space at 
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my disposal I propose to devoie to a few words about some matters connected 
with the teaching of the more elementary parts of Mathematics. Of late years a 
new spirit has come over the mathematical teaching in many of our institutions, 
due in no small measure to the reforming zeal of our General Treaprer, Professor 
John Perry- The changes that have been made followed a recognition of the fact 
that the abstract mode of treatment of the subject that had been traditional was 
not only wholly unsuitable as a training for physicists and engineers, but -was also 
to a large extent a failure in relation to general education, because it neglected to 
bring out clearly the bearing of the subject on the concrete side of things. With 
the general principle that a much less abstract mode of treatment than was 
formerly customary is desirable for a variety of reasons, I am in complete accord. 
It is a sound educational principle that instruction should begin with the concrete 
side, and should only gradually introduce the more general and^ abstract aspects 
of the subject ; an abstract treatment on a purely logical basis being reserved only 
for that highest and latest stage which will be reached only by a small minority 
of students. At the same time T think there are some serious dangers connected 
with the movement towards making the teaching of Mathematics more practical 
than formerly, and I do not think that, in making the recent changes in the modes 
of teaching, "these dangers have alv/ays been successfully avoided. 

Geometry and mechanics are both subjects with two sides : on the one side, the 
observational, they are physical sciences; on the other side, the abstract and deduc- 
tive, they are branches of Pure Mathematics. The older traditional treatment of 
these subjects has been of a mixed character, in which deduction and induction 
occurred side by side throughout, but far too much stress was laid upon the 
deductive side, especially in the earlier stages of instruction. It is the proportion 
of the two elements in the mixture that has been altered by the changed methods 
of instruction of the newer school of teachers. In the earliest teaching of the 
subjec's they should, I believe, be treated wholly as observational studies. At a 
later stage a mixed treatment must be employed, observation and deduction going 
hand in hand, more stress being, however, laid on the observational side than 
was formerly customary. This mixed treatment leaves much opening for variety 
of method ; its charaoier must depend to a large extent on the age and general 
mental development of the pupils ; it should allow free scope for the individual 
methods of various teachers as suggested to those teachers by experience. 
Attempts to fix too rigidly any particular order of treatment of these subjects are 
much to be deprecated, and, unfortunately, such attempts are now being made. 
To have escaped from the thraldom of Euclid will avail little if the study of 
geometry in all the schools is to fall under the domination of some other rigidly 
prescribed scheme. 

There are at the present time some signs of reaction against the recent move' 
ment of reform in the teaching of geometry. It is found that the lack of a 
regular order in the sequence of propositions increases the difficulty of the 
examiner in appraising the performance of the candidates, and in standardising 
the results of examinations. That this is true may well be believed, and it was 
indeed foreseen by many of those who took part in bringing about the dethrone- 
ment of Euclid as a text-book. From the point of view of the examiner it is 
without doubt an enormous simplification if aU the students have learned the sub- 
ject in the same order, and have studied the same text-book. But, admitting 
this fact, ought decisive weight to be allowed to it? I am decidedly of opinion 
that it ought not. I think the convenience of the examiner, and even precision 
in the results of examinations, ought unhesitatingly to be sacrificed when they 
arc in conflict — as I believe they are in this case— with the vastly more important 
interests of education. Of the many evils which our examination system has 
inflicted upon us, the central one has consisted in forcing our school and univer- 
sity teaching into moulds determined not by the true interests of education, but 
by the mechanical exigencies of the examination syllabus. The examiner has 
thus exercised a potent influence in discouraging initiative and individuality of 
method on the part of the teacher; he has robbed the teacher of that freedom 
which is essential for any high degree of efficiency. An objection of a different 
character to the newer modes of teaching geometry has been frequently made of 
late. It is said that the students are induced to accept and reproduce, as proofs 
of theorems, arguments which are not really proofs, and thus that the logical 
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training which should be imparted by a study of geometry is vitiated. If this 
objection really implies a demand for a purely deductive treatment of the subject, 
I think some of those who raise it hardly realise all that would be involved in 
the complete satisfaction of their requirement. I have already remarked that 
Euclid’s treatment of the subject is not rigorous as regards logic. Owing to the 
recent exploration of the foundations of geometry we possess at the present tinie 
tolerably satisfactory methods of purely deductive treatment of the subject j in 
regard to mechanics, notwithstanding the valuable work of Mach, Herz, and 
others, this is not yet the case. But, in the schemes of purely deductive geometry, 
the systems of axioms and postulates are far from being of a very simple 
character; their real nature, and the necessity for many of them, can only be 
appreciated at a much later stage in mathematical education than the one of 
which I am speaking. A purely logical treatment is the highest stage in the 
training of the mathematician, and is wholly unsuitable — and, indeed, quite im- 
possible — ^in those stages beyond which the great majority of students never pass. 
It can then, in the case of all students, except a few advanced ones in the univer- 
sities, only be a question of degree how far the purely logical factor in^ the 
proofs of propositions shall be modified by the introduction of elements derived 
from observation or spatial intuition. If the freedom of teaching^ which I have 
advocated be allowed, it will be open to those teachers who find it advisable in 
the interests of their students to emphasise the logical side of their teaching to do 
so ; and it is certainly of value in all cases to draw the attention of students to 
those points in a proof where the intuitional element enters. I draw, then, the 
conclusion that a mixed treatment of geometry, as of mechanics, must prevail in 
the future, as it has done in the past, but that the proportion of the observational 
or intuitional factor to the logical one must vary in accordance with the needs 
and intellectual attainments of the students, and that a large measure of freedom 
of judgment in this regard should be left to the teacher. 

The great and increasing importance of a knowledge of the differential^ and 
integral calculus for students of engineering and other branches of physical science 
has led to the publication during the last few years of a considerable number of 
text-books on this subject intended for the use of such students. Some of these 
text-books ^e excellent, and their authors, by a skilful insistence on the principles 
■of the subject, have done their utmost to guard against the very real dangers 
which attend attempts to adapt such a subject to the practical needs of engineers 
and others. It is quite true that a great mass of detail which has gradually come 
to form part — often much too large a part — of the material of the student of 
Mathematics, may with great advantage be ignored by those whose main study is 
to be engineering science or physics. Yet it cannot be too strongly insisted on that 
a firm grasp of the principles, as distinct from the mere processes of calculation, is 
essential if Mathematics is to be a tool really useful to the engineer and the 
physicist. There is a danger, which experience has shown to be only too real, 
that such students may learn to regard Mathematics as consisting merely of 
formulas and of rules which provide the means of performing the numerical com- 
putations necessary for solving certain categories of problems which occur in the 
practical sciences. Apart from the deplorable effect, on the educational side, of 
degrading Mathematics to this level, the practical effect of reducing it to a number 
of rule-of-thumb processes can only be to make those who learn it in so unintelli- 
gent a manner incapable of applying mathematical methods to any practical 
problem in which the data differ even slightly from those in the model problems 
which they have studied. Only a firm grasp of the principles will give the neces- 
sary freedom in handling the methods of Mathematics required for the various 
practical problems in the solution of which they are essential. 


The following Papers were then read : — 

1. Poaitive Rays, By Professor Sir J, J. Thomson, F,R,S, 

iayestigafeion of the positive rays which are produced when the electric 
' passes through a tube filled with gas at a low pressure is much 
|%y ,Mng, very large tubes. With large tubes, in which there is room 



TRANSxiCTIONS OF SECTION A. 


523 


for the dark space next the cathode to attain large dimensions before reaching 
the walls of the tube, the pressure may be reduced much lower without risk of 
sparking through the tube than is possible with small tubes, and hence many 
phases of the discharge can be investigated which either do not exist or are 
inconspicuous when the tubes are small and the pressure necessarily high. The 
author has used tubes with volumes as large as eleven litres, but tubes made of 
two-litre flasks such as are used for boiling-point determinations are large enough, 
if the anode is suitably placed, to show the various types of positive rays. 

With these tubes the following types of rays, passing through a hole in the 
cathode, can be made out : — 

1. Rays which are not deflected either by magnetic or electric forces. 

2. Secondary rays produced by rays of type (1). These are deflected by 
electric and magnetic forces; they have a constant velocity of about 2x10® 
cms. per sec., which does not change, however the pressure in the tube or the 
potential difference between the electrodes may be altered. The value of e/m 
for these rays has the constant value 10“*. 

These secondary positive rays are accompanied bjr negatively changed ones 
which have the salne velocity and the same numerical value of e/m as the 
positive ones. 

In small tubes the only rays which are prominent are those of types (1) 
and (2). 

3. In addition to the rays of the preceding types, there are rays which are 
characteristic of the gases in the tube. These are only conspicuous when the 
pressure is low. The velocity of rays of this type, unlike that of the preceding 
type, depends upon the potential difference between the electrodes. When there 
are several gases in the tubes — say, hydrogen, air, helium — the maximum kinetic 
energy of the rays corresponding to each of these gases is the same, and seems 
to be that due to a fall through the potential difference between the negative 
of low and the cathode. The value of e/m for the rays from different gases is 
inversely proportioned to the atomic weight of the gas from which the rays 
are derived. Thus these rays are probably atoms of the gas carrying one unit 
of positive charge ; in the case of hydrogen there seem to be rays corresponding 
to the molecule as well as to the atom. 

The author has observed rays of this type corresponding to all the elements 
which have as yet been introduced into his tubes. These include hydrogen, 
helium, air, carbon, neon, and mercury. Other elements are in course of 
investigation. 

Some, but not all, of these rays have negatively charged rays conne’cted 
with them, resembling in this respect the secondary rays of type (2). The rays 
from air and mercury vapour have their negative constituents, while the negative 
rays corresponding to the hydrogen molecule,, to the atoms of helium, carbon, and 
neon, have not been detected. 

There is a considerable range in the velocities of the rays from the same 
gas, though when the pressure is very low the greater part seem to be moving 
with nearly the maximum velocity. 

The rays corresponding to the different atoms can be separated by deflecting 
them by magnetic and electric forces; if after deflection they fall on a screen 
covered with a phosphorescent substance, each kind of ray produces under the 
simultaneous action of electric and magnetic forces a separate band on the 
phosphorescent screen forming a kind of spectrum. The tubes I worked with 
were not specially designed to allow the most intense magnetic fields possible 
to be applied to the rays, and I was not sure when air was in the tube I could 
see separate hands corresponding to nitrogen and oxygen ; but when the air was 
replaced by carbon monoxide, two separate bands, one corresponding to carbon 
and the other to oxygen, could clearly be seen. Experiments are in progress 
with tubes designed so that exceedingly intense magnetic fields may be applied 
to the rays, for the purpose of using this method to analyse the gas in the tube 
and to measure the atomic weights of the constituents. As exceedingly small 
quantities of gas may be dealt with in this way, it appears probable that inter- 
esting results may follow from the application of this method to the analysis 
of the gases in vacuum tubes. 

4. The fourth type of ray is the one I have previously called ^retrograde 
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rays.* These travel away from the cathode in the same direction as the cathode 
rays; these rays are of types (1) and (2). I have not succeeeded in detecting 
rays of type (3) among these rays. The retrograde rays have negative 
constituents. 


2. A New S'pectTOfhotometer of the Hvfner Type, 

By E. A. Houstoun, M,A,, Ph.D., D.Sc, 

T'his instrument consists of a spectroscope, the ordinary eyepiece of which 
has been replaced by an eyepiece containing a glass Thompson prism and in front 
of the slit of which is fixed a prism of special design made of glass and Iceland 
spar. This prism performs the double function of dividing the field of view 
into halves which touch each other sharply, and of polarising these halves at 
right angles to each other. The halves are matched by rotating the nicol eye- 
piece. The instrument can be arranged for use as an ordinary spectroscope in 
one minute by removing the special prism and substituting the ordinary eyepiece. 
It has the advantage over other Hiifner spectrophotometers Jbhat any dispersion 
prism may be used with 'it. It has been used for three researches during the 
past two years, and has proved accurate, free from systematic error, and very 
suitable for measuring the intensity of weak lights. 


3; A New and Simple Means of 'producing Interference Bands, 

By E. A. Houstoun, M,A., PLD,, D.Sc, 

If a right-angled isosceles glass prism the right angle of which is a few 
minutes short of 90° is placed in front of a slit, two virtual images of the slit 
are formed behind the prism, and these produce interference bands in front of 
the prism. The experiment is being used as a student’s exercise in the physical 
laboratory of the University of Glasgow. The method was at first thought 
to be new, but has recently been anticipated in Berlin. 


4. A New Gyroscopic Apparatus, By Professor A. E. H. Love, F.R,S, 


F El DAY, SEPTUM BBE 2. 

Joint Meeting with Section B, 
Discussion on Comiustion . — See Eepoxts, p, 501, 


The following Papers and Report were then read : — 

1. The MolecularWeigU of Radium Emanation . By Sir William Eamsay, 
K,G,B,, F,R.S., and Dr. R, W. Gray. 


2. On the Numher of Electrons in the Atom. By Dr. J. A. Crowther. 

The present experiments were made to determine, by means of experiments 
in the /ff-rays, the number of electrons in the atom. 

Professor Sir J. J. Thomson has recently calculated the mean deflection 
experienced by a ^-particle of known velocity in passing through a thickness t 
of material. The summation is performed by a theorem due to Lord Rayleigh, 
which leads to the relationship 

\/tz=.C 

involving only the number of electrons in the atom of 
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the substance, and known constants. The accuracy of this relationship has 
been very carefully tested by experiment. 

The expression obtained for c depends upon the assumptions made as to the 
nature of positive electricity. Two expressions have been obtained — 

(i) On the assumption that the positive electricity in the atom occupies 
a volume comparable with that of the atom; (ii) that it is divided 
into small units comparable in size with the negative electron. 

Experimental determinations have been made of the ratio (pj \/t for different 
elements and the corresponding number of electrons calculated. The appended 
table gives the number of electrons in the atom divided by the corresponding 
atomic weight. 

It will be seen that the numbers in the first column are practically constant 
at a mean value — three. The numbers in the second column increase rapidly 
with the atomic weight. From experiments on the scattering of Bontgen rays 
it is almost certain that the number of electrons in the atom is proportional to 
the atomic weight, as given by our first assumption. Thus we conclude that the 
positive electrification occupies a volume comparable with that of the atom, and 
that the number of electrons in an atom is three times the atomic weight. 

^atio of the Number of ElectroJis in the Atom to Atomic Weight. 


Element. 

I. 

II. 

Carbon 

3*32 

3-7 i 

Aluminium . . . | 

3*07 

5-8 1 

Copper .... 

2-87 

12-0 ' 

Silver .... 

2-96 

19-2 

Platinum .... 

3T2 

! 

33*5 


3. On the Attraction Constant of a Molecule of a Compound and its 
Chemical Properties. By R. D. Kleeman, D.Sc., B.A. 

The writer has previously deduced from surface tension and latent heat data that 
the attraction between two molecules of the same kind is ~ where z is the 

distance between the molecules, and t is the sum of the square roots of the 
atomic weights of the atoms of a molecule, and K is a quantity whose exact form is 
not known except that it has the same value for all substances at corresponding 
temperatures and may therefore be a function of the distance between the molecules 
and the temperature. The quantity will be referred to as the attraction 

constant of the molecule. It was now pointed out that it can be shown strictly 
mathematically that the law of attraction cannot be completely determined from 
surface tensions or latent heat data. The law deduced must contain an unknown 
function of the distance between the molecules and the temperature. It follows, 
therefore, that if we assume a law of attraction between molecules and deduce from 
it a formula for the surface tension or latent, and find that it fits the facts, it does 
not therefore follow that the law assumed is correct. In order to be on safe ground 
it is necessary that the law deduced should contain an unknown function. Now 
this is the case with the law given above, the exact nature of K being not known. 
Further, since K is the same for all substances at corresponding temperatures it does 
not contain 2 v^Wj, and the chemical attraction of a molecule is therefore proportional 
to and this result should be true. 

The attraction constants of the atoms of a molecule of a compound we would 
expect to be connected with its chemical properties. Thus the writer found that the 
T<? 

properties of the quantity — of a substance, where T<? denotes the critical 

2 vwij 

temperature, run parallel with its purely chemical properties. Thus the value of this 
quantity is constant for a compound and its substitution products when an atom is 

1910, M M 
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replaced by an atom. Further, if we write A — B = , where B denotes the chemical 

S vmi 

formula of a substance, the quantities for which B stands and the quantity A have 
the same values for a group of substances possessing similar properties, but which 
vary from group to group. Thus, for example, in the case of the esters we would 
Tc To 

have A - (20 +■ a(0 + 2H)) = -- 7 = i which may be written A, — aB, = , where a 

denotes an integer. The values of Aj and Bj are found to be the same for each 
ester. 

The various chemical compounds can be divided into groups in the above ways, 
and it is found that this grouping coincides with that obtained from purely chemical 
considerations. The amines thus fall into three groups corresponding to the 
primary, secondary, and tertiary amines. The nitrites fall into a group, and so also 
do the ethers, the primary alcohols, and the secondary alcohols (omitting two 
alcohols which we know are, to a great extent, polymerised). The study of the 

properties of the quantity i^aay therefore be of great assistance in the classifica- 

tion of chemical compounds into groups, and to obtain various other connections 
between the compounds. 

i. Report on, Solubility^ By Dr. J. V. Eyre. — S ee Eeports, p. 425. 


5, The Deduction of Hydration Values of Acids from the Rate at which 
they induce Hydrolysis, By F. P. Worley. 


Mathematical Department. 

The following Papers and Eeports were read : — 

1. On Functions derived from Complete am>d Incomplete Lattices in Two 
Dimensions and the Derivation there from of, Functions which enume” 
rate the Two Dimensional Partition of Numbers, By Major P. A. 
MacMahon, F.R,8. 


2. On a certain Permutation Group, By Dr. H. F. Baker, F,R,S, 

If n different letters be written down in a certain order and then rearranged, by 
writing the last first, the first second, the last but one third, the second fourth, and 
so on, and this rule of rearrangement be then again applied, and so on repeatedly, 
required to find the number of rearrangements before the original order is regained. 

For instance, the set of six letters gives in turn by this rule : — 




^3 

a, 

^5 

or say 

( 6 ) 

( 1 ) 

( 6 ) 

( 2 ) 

(4) 

(3) 




^'2 



(3) 

( 6 ) 

(4) 

( 1 ) 

( 2 ) 

(5) 


a,. 

a, 


(I >2 


(5) 

t3) 

( 2 ) 

( 6 ) 

( 1 ) 

(4) 




^'0 



W 

(S) 

( 1 ) 

(3j 

( 6 ) 

( 2 ) 







( 2 ) 
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( 1 ) 
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( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

a, 




^5 

^0 








so that the original arrangement is regained after six changes. 
More generally writing the first two arrangements 

. ^n— 2 1 

. 

'W© see that 
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Hence if any column of the completed scheme be read upwards from the last row 
fljj, ^72. . . . , the rule for the suffixes is to place above a-i the letter where y = 2i 

unless 21 > and / = 2?a + 1 — 2i in case 2i > qi, in which case 2?t + 1 ~ 

As another example suppose = 7 ; the scheme, writing: only the suffixes, is then 

1 2 3 4 5 G 7 

7 1 6 2 5 3 4 

4 7 3 1 5 6 2 

2 4 6 7 5 3 1 

1 2 3 4 5 6 7 

and there are four rearrangements ; the column of 6 remains unaltered and two 
columns consist of 3, 6 repeated. The table thus gives a partition of 7 into 4 + 2 + 1 , 
in which, each number after 4 divides 4. 

In general we cap prove that tlie mmiher of substitution in the group is the least 
number r which is such that one of the two numbers 2'’—!, 2'’ + 1 divides by 2<?^-^ 1. 

For suppose 2'' + e = {2n + 1)M, where e is -J- 1 or — 1 ; let 2 be the least power of 
2 greater than the odd number M, 2^ the least power of 2 greater than the odd 
number 2^ — M, and so on ; thence we can write 


M = 2’'’-2'° + 2'’- . 

. — 2^'^‘ + 1, when e = + 1 

M = 2**-.2'’ + 2'"- . 

. -f 2^^“ — 1, when e = - 1, 


with Xi>a. 2>^3 • • M identity 1 = 2 — 1 being used if necessary to give the 
required last term. It can then be seen, if N denote 2?2, + 1, that the numbers 

H2,+, = 2""2>{-(2'‘-3^+ . . . -2^^‘)N + 2'-} 
are positive integers such that 

2S-i"SHp + 1= N= + 1. 

Beginning now with the number 1, apply the rule obtained above.y =:2i when 
J = N - 2i when 2i>n) it will then be found that we obtain in succession 
the numbers 

1, 2, 2^ 2®, . . . 

N-2»‘-^«, 2(N-2»-^), . . . 2^i“^3-1(N-2’-^0» 

2H3, . . . 

H,,2H, 

and so on, the last element of the last row being n itself. 

The number of these numbers is r ; though beginning with 1 and ending with n 
they do not generally consist of all the numbers from 1 to n. In particular if N be 
a composite number, no divisor of N will occur in the series. Let ^ be a divisor of 
N, and N = ; the equation 2'* + e = NM is the same as 2'" ^e^fdW ^fK^ say. Sup- 

pose ^*1 is the least number such that one of the two numbers 2’*» + 1, 2^i - 1 divides 
by/, say ej=/Mi, so that We may then form a cycle, 1, 2, 4, ... |(/’~1), 

of 7*, numbers, by the rule that after any number <r of this cycle shall follow r = 2cr 
so long as 1), and the number f--~2cr when 2<r>|(/-l) ; if we put i-d<s^ 

j = dr, these rules are equivalent toy = 2i ory = N ~ 2i ; applied to d, they give a cycle 
d, 2d, 4id,. , . ., ending with |(N — ^), consisting of rj numbers formed by the same 
rule as was originally used. If we put r = jLirj — A, where the congruence 

2^*»= ± 1 (mod./) gives, since 2^= ± 1 (mod./), also 2^= ± 1 (mod./) and hence \ -0. 
Thus r divides by r,. Further, 2’'i=±l (mod./) gives 2'‘=( ± I//**! (mod./), and 
( i can be — 1 only if ± 1 is really — 1 and rfr^ is odd ; this does arise. 

Suppose next that p is any number <n which is not a divisor of N and does not 
occur in the original cycle 1, 3, 4, . . ., . Let t be the least number such that one 
of the two numbers (2^± })y? is divisible by N, and put 

(2^ + €)y? = (2*‘»-3^+ , . . -j-e)N, 
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where 


2M. > +lV {L 1 < (?!+ !)i^, 2-. -2«. < 3. 


N 


N 




o’ + 

'N“ ’ 


and so on, 3 usb as before, and the mimber of terms in the value for is eveo 

when e = + 1, and otherwise odd. Then putting 


. . . +2^28-i)Tsr_2':??j2“*^2«~i; 

^•-2s+i= {~C2>"*-2^“+ . . . ‘-2*'-2s)N + 2^;^}2“^2s^ 

we find as before that the cycle beginning with the number p, and proceeding as 
before according to the ruley = 2i, orj‘ = N~2i, is given by the series 

p, 2p, . 

N 2(N — 2**i“'^a"i(N - 2^“^0» 

K3, 2K3, . . 

K„ 2K,, . . 2^-«-^.-iK4, 


and consists of t numbers. And it is not diflScalt to show that 25 = r or is a divisor 
of r. 

For an example of some length it may be verified that when n is 412 we have 
nineteen cycles of each 20 numbers, one cycle of 10 numbers, three cycles of each 
5 numbers, one cycle of 4 numbers, one cycle of 2 numbers, and one number 
unaltered throughout a column. Thus there are 20 permutations in the group 
formed with 412 letters, and we have the partition 

412 = 20 + 20+ . . . (nineteen times) + 10 + 5 + 6 + 5 + 4 + 2 + 1. 


3. On the Tfisection of the Elliptic Functions. 

By Dr. H. F. Baker, F.RS. 

A quartio equation for which the two conditions are satisfied, (O that the 
invariant of the second degree vanishes, (2) that the sum of the roots is zero, may 
be supposed to have this form : — 

f(a)=x* - = 0. 


The root of this equation may be supposed to be 

aJ2=A(l-At€)^ aJs = A(l-/x€^)®, a?4= ~3A, 


where € is an imaginary cube root of unity, and /*, A are such that 

4X1 -/!»)» “ ^2 8 + 

Hence these roots are connected by the two equations 


>v/a?i + e = 0, \/a?4 + - € v'i&o = 0, 

besides two others linearly deducible from these. 

If the original quar ic equation be transformed by putting a?’ = (px + q){rx + s), 
the quadric invariant of the new equation in will also vanish ; if the sum of the 
four values of is also zero, it is easily found that is an arbitrary multiple of 




X-a?’ 


in which \ is arbitrary, and/X^) = 4x® Thus the square roots of the four 

expressions obtained from this by replacing in turn a? by ajj, as^, x^^ are likewise 
connected by two linear equations. A particular case is obtained by taking \ equal 
to one of the roots of /(X) = 0, say e j then we obtain the equations 

' 1 ■ + _JL_ +_!L_=o. -f - -- _L_ =o. 


« \/a?3— 5 


v/aj4 ~ e v'ajg- e 
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Retaining, however, an arbitrary value for x, and dividing /(x) by A -a, we infer 
that if , 

ii = X=i»i + X(®2 - + ai2 _ Ki - 1 ^3, 

then 

+ e a/i, + 6^ v/|3i= 0, 6-’ 0, 

for all values of With the usual symbolical notation the general value of $ may 
be written $ 

The application of these remarks to the trisection of the elliptic functions arises 
from the fact that, with the usual notation, the four quantities 

"(I) H-r-) 

satisfy the quartic equation /(oj) = 0. 

Also it is easily found that the four quantities 


Kv)' 

satisfy the equation 




1 



4« + 2ft>^ 

3“”“ 


) 


18 „ 216 


27 

A- 


0, 


where ^ — ; to this similar remarks apply, so that, for instance, we have 


where 0*= ± 1. 


"(y) ''(^) 


= 0 , 


'-'(■T-) ^'(y) ^'(t) 


-= 0 , 


4. Qyi the Convergence of certain Series used in Electron Theory. 
By Professor A. W. Conway. 


If r(^) denotes the distance of the point a?, y, z from the moving point (which 
for simplicity we may regard as moving in a right line) whose co-ordinates are 
0, 0, /(Q, then it is known that the equation C(^— T) = r(T), where C is the speed of 
radiation, possesses a real root T between 0 and t, provided that the speed of the 
moving point is Jess than 0 and that > r(0). The series 


7.- 1 


q-2 52 Q-s 53 

‘‘’up’’” 3 I 


7*2+ &C. 


if convergent, represent the potential of a moving point. Its convergence (and 
that of other series of this type) may be established by using a complex integral, 

J - . - around a circle in the w-plane about the point t as centre, and 

of such a radius that 0|(^— «)| > 1^(^')1 on its boundary. In the case examined the 
conditions for convergence are the same as those for a real root of C(2J ~T)««*(T), 
where ^ > T > 0. 


5. Two Notes on Theory of Numbers, 

By Lieut.-Colonel Allan Cunningham, R.E, 

Factorisation of 17= (2'^^+ 1). 

N =^1 . N7 . Nil • N77 ; where 

Ni =(2i+l)=3; N7=(27+1 )-^Ni=43; Nu==(21H1)-4*Ni=G83 ; 
35777 = {2'^’^4-l) (2+l)*r(2^-hl)(2^i-hl)=S17 . 78233 . 35532364099; 

[The last 1 1-figure factor is priwie]. 
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Is (2/^—2) divisible hy [p a prime] ? 

It is believed that no case is known of 2'^--2=0 (mod. p^^) with p prime. It is 
staled by M. Proth^ that 2‘^-“2^0 (mod. with p prime; but no proof is 
given, no proef is quoted, no statement made of existence of any proof. At present 
it can only be asserted that it is probably true. To test this the writer has tried all 
prime divisors 1000 and finds that 2 —2^0 (mod. p^) up to that limit. 


6 . The Initial Motions of Electrified Spheres. 
By J. W. Nicholson, M.A., D.Sc. 


The problem of the initial motions of electrified spheres has been treated recently 
by Gr. W. Walker, 2 and the present paper consists mainly of an examination of some 
interesting cases, with corrections of detail. It discusses the motion of a sphere, 
conducting or dielectric, whose mass is purely of electrical origin, without a New- 
tonian element. For a conducting sphere of radius cl and charge with electrical 
mass m' and small Newtonian mass m, starting from rest at i = 0 in a uniform field 
F of electric force, the displacement of the centre at time t is 


eW . 2 

%m\ 'T 3 6‘V 


—et 

ea~^e aa ( 

I 


cos 


ct / 6 f m \ h g . ^ ctf m'\ I 
a \mj 2v;^v a\m J 


}■ 


and the surface density is given by 

4ir(r = £. + We'^ cos — V cos 0. 

a \m / 

The corresponding formulae for a small mechanical force G are 



2at_^^\_Ga^o f V + V-V sir 

e C“ / vi’cr I a\m J 2\m'J 

. \ 

a \m J J 


49rflr= I 1 - 2rt cos ' 

a' d I 


cos B. 


a \m ) J 


The difficulties connected with the limiting forms of these expressions when m is 
aero are discussed, and it appears impossible to ascribe an initial acceleration to the 
sphere without introducing imperfection in the conductivity, although the electrical 
distribution on the sphere tends to become uniform very rapidly. These results have 
a bearing on a possible conception of the electron. 

The theory of the corresponding problem for an insulating sphere is also traced, 
and it is shown that these special difficulties are absent, and that a simple solution 
may be obtained when the dielectric constant is not small. The vibrations initially 
set up in this c9.se have a much smaller rate of dissipation, but many possible periods 
instead of the single one belonging to the conductor. 

A discussion of these periods and rates of decay is given for special values of the 
ratio When this ratio is zero, or the sphere fixed or uncharged, the question 

has been treated by Lamb,® an additional period with a rapid rate of decay having 
since been indicated by Walker. The additional period is not present when m=i0. 
For a rigid or uncharged sphere, the fundamental mode (ignoring the extra mode) is 

found to have a dissipation factor where jW = ^- p = 4-493. 

K** CL 

When m=:D, 

hr CL 

For a value of ic = 6 . 10®, and a sphere of molecular size (^j=T3 . 10“®), as in 
Lamb’s model of a molecule exhibiting selective absorption of light, the values of ju 
become respectively 1*5 and 1-9 . 10®, so that, while the vibrations in the former 
case may be fairly permanent, those in the latter, for a sphere of the same size, and 
dielectric, coefficient, will decay rapidly, and the dielectric sphere rapidly assumes 
a constant acceleration in a weak uniform field. 


t Mmdm des SiuTLces de VAcad. des Sciences, Paris, t. 83, p. 1288 

^ m. Prm:, A77. p. 260 ; JPML Trms., A 210, p. 145. 

3tokes Commem. Tolume. 
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7. On the Need of a Non-Euclidean BiUiography. 

By Duncan M. Y. Sommerville, M.A,, D,Sc, 

Thirty years ago Halsted published the first bibliography of non-euclidean 
Geometry and Hyperspace, and one still finds it referred to as a standard work. 
But the amount of literature published on the subject since that time is enormous, 
and the present yearly output would almost equal Halsted’s whole collection. So, 
in spite of the excellence of this bibliography and the existence of others which 
have been more recently compiled, the student of non-euclidean geometry is pretty 
much in the same position as the student of any other branch of mathematics, 
and is confined for his sources to the volumes of the ‘Jahrbuch,’ the ‘Bevue 
Semestrielle,’ and the ‘International Catalogue.* A notable exception exists in 
the subject of Quaternions. In 1904 Macfarlane published an esdensive biblio- 
graphy of this subject, and the work is being continued by the International 
Association on a still broader basis. In many ways the two subjects are akin. 
The one is concerned with the foundations of geometry, the examination, modifi- 
cation, and extension of the geometrical ideas, and the investigation of all the 
various geometries which arise therefrom; the other is concerned with exactly 
analogous questions relating to arithmetic and algebras. As instances of the close 
connection which exists between their lines of development, one may mention 
finite geometries and galois fields, non-archimedean geometry and non-archi- 
medean algebra. It is natural therefore to wish for the same facilities for the 
one department as exist for the other, but non-euclidean geometry is handicapped 
by having no International Association to promote its interests. 

Several years ago the present writer started to collect material for a biblio- 
graphy on the lines of Halsted’s, but it soon became evident that the growth of the 
subject rendered such diffuse treatment practically impossible. Then in 1902 
Bonola’s catalogue appeared ; but, though this is the most extensive bibliography 
that has yet been published, it still leaves something to be desired. It will be 
eonvenient to describe here the existing bibliographies and the present state of 
the material that has been collected. We may divide the subject roughly into 
three main branches: Theory of Parallels, Foundations of Geometry and Non- 
Euclidean Geometry, N Dimensions. ^ Quite a number of bibliographies relating 
to the theory of parallels exist, dating mostly from the earlier portion of the 
nineteenth century, but they are all included in 

1. P. Stackel and F. Engel, ‘Die Theorie der Pai^allellinien von Euklid bis 
auf Gauss,’ Leipzig, 1895. Supplemented by a list in ‘Bibliotheca Mathematical* 
1899. 

A chronological list of works on the theory of parallels, including the early 
papers on non-euclidean geometry, from 1482 to 1837, with careful references to 
sources. Almost complete. 

In the remaining divisions only three bibliographies need be mentioned. 

2. G. B. Halsted, ‘ Bibliography of Hyperspace and Non-Euclidean Geometry,’ 

‘ Amer. Jour. Math.,* vols. i, and ii, (1878-79). 

This is a general list, including both non-euclidean geometry and n dimensions 
from about 1830 to 1879. The order is mainly chronological, but all the works by 
the same author are collected together. Short notes are added to the chief works. 

8. V. Schlegel, ‘ Sur le Developpement et I’Etat Actuel de la Geometric a n 
Dimensions,’ ‘Enseign. Math.,* vol. ii. (1900). First published in German in 
‘ Leopoldina,’ vol. xxii. (1886). 

This includes only n dimensions up to 1897, The order is alphabetical under 
the authors. Letterpress of twenty pages contains an historical sketch corre- 
sponding to Halsted’s notes. 

4. B. Bonola, ‘ Index Operum ad Geometriam Absolutam Spectantium.’ Pub- 
lished in ‘ loannis Bolyai, in Memoriam,* Blausenburg, 1902. First published in 
‘Boll. Bibliogr.,* Torino, 1899-1902. 

A chronological list, not including n dimensions, from 1839 to 1902. A classifi- 
cation is attempted under a schedule of seven classes, with class-letters which are- 
affixed to the titles. It is accompanied by an author-index. There is no subject- 
index, and the classification is not sufficiently detailed to be of much use. 
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The following table gives, for comparison, the number of titles in these 
bibliographies, and, in brackets, the number which the present writer has collected 
within the corresponding limits of time and subject-matter : — 


Stackel and Engel 
Halsted . 

Schlegel . 

Eonola 


Th. of F. and 
N.-B. Geom. 
. 273 (330) 
. 112 (400) 

915 (1250) 


N. Dim. 


76 (130) 
439 (860) 


The present writer’s collection, which is made up to 1907 (the last year of the 
‘ Jahrbuch ’), contains about 3,500 titles, composed roughly as follows : Theory of 
parallels, 600; non-euclidean geometry and foundations of geometry, 1,300; 
71 dimensions, 1,600. The arrangement of the material is in three parts, as in 
Eiccardi’s Euclidean Bibliography. 

1. A chronological catalogue, the titles in each year being arranged alphabeti- 
cally under the authors. 

2. An author-index. This contains the full names of the authors with dates 
of birth and death, and the abbreviated titles with their dates. This index could 
be greatly condensed by giving only the dates o'f the papers, but a comparison of 
the ‘ Namenregister ’ of the ‘Jahrbuch’ with the ‘Liste des Auteurs’ of the 
* Bevue Semestrielle ’ shows the great advantage of the former system. 

3. A subject-index. The classification used is that of the ‘Index du Reper- 
toire Bibliographique,’ the new edition of which in 1908 was specially extended to 
treat adequately of hyperspace. The references here are by the author’s name, 
the date and the number as ‘Mansion 1896*.* The class letters of this system 
are affixed to the titles in the chronological catalogue. It has been found 
advisable to classify somewhat more minutely than according to the headings of 
the ‘ Index ’ — for example, Qlb (hyperbolic geometry) is sub-divided according to 
the divisions of (elementary geometry), (conics), &c. 

The foregoing considerations will show the scope, if not the demand, that 
exists for such a bibliography. The argmnents for a new bibliography may be 
shortly summed up : — 

1. The increasing importance and wide application of this branch of mathe- 
matics. 

2. The convenience of having all the literature collected in one place, thus 
avoiding a prolonged search through a long series of volumes, and giving the 
literature of all time, whereas the periodicals, ‘Jahrbuch,’ &c., have a definite 
beginning. 

3. The necessity for a subject-index (which none of the existing bibliographies 
possess), this being the most important and useful, as well as the most difiScult? 
portion of the bibliography. 


8. Report on the History and Present State of the Theory of Integral 
Equations. By H. Bateman. — See Reports, p. 345. 


9. The Foci of a Circle in Space and some Geoynetrical Theorems 
connected therewith. By H. Bateman. 

In a space of three dimensions the centres of the tw'o spheres of zero radius 
(or isotropic cones) which pass through a circle have been called by Barboux 
the foci of the circle. Many focal properties of curves and surfaces may be 
studied with the aid of the foci of systems of circles — for instance, the foci of the 
circular sections of a conicoid lie on the focal conics, and conversely the circles 
‘’whose foci are the extremities of a system of parallel chords of a conic generate 
A.bonicoid, and by varying the direction of the chords a confocal system of 
oogpocids is obtained. 

space of four dimensions the foci of a sphere may be defined to be 
. the, ol "yie ;t'^o hyperspheres of zero radius which pass through the 
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sphere. If two spheres lying in the same space of three dimensions touch, then 
the line joining a focus of one to one of the foci of the other is an isotropic 
line — i.e., a line of zero length. 

By considering the spheres which have the same kind of contact wdth two 
others and making use of the fact that the four points of contact lie on a circle 
we may deduce the following theorem : If the sides of a skew quadrilateral are 
isotropic lines they lie on a sphere. 

In the same way we may prove that if the sides of skew hexagon in a space 
of five dimensions are isotropic lines, they lie on a spherical manifold of four 
dimensions. There is a similar theorem for ‘a polygon of 2n sides in a space 
of 271 — 1 dimensions. 


10. On the Theory of the Ideals. By Professor J, C. Field. 

In the elements of the theory of the algebraic functions it is shown that the 
branches of an algebraic function v defined by an equation F (z, v)—0 as repre- 
sented W a number of power-series in z—a in the neighbourhood of a value 
z=a. These power-series have exponents integral or fractional, and group 
themselves into a number of cycles, the branches of these cycles having certain 
orders of coincidence with a given rational function R(zyV), In his book on 
the algebraic functions the writer has defined these orders of coincidence as 
adjoint when they are equal to or greater than certain numbers 

— 1 ~{--i . . . . — 1 JL 

Vi Vr 

respectively, and has shown how to construct a rational function possessing any 
assigned set of adjoint orders of coincidence corresponding to the value of the 
variable in question. Hensel, in his book, ‘ Theorie der algebraischen Zahlen,’ 
and also in two earlier Abhandlungen, which appeared in Crelle's Journal (Bde. 
127, 128), has shown that an ordinaiy algebraic equation / (a;) = 0 is satisfied 
by certain series analogous to the weU-known power-series referred to above. 
These series have reference to a prime y, and also group themselves in cycles 
like the more familiar series of the algbraic functions. On these series Hensel 
builds up a theory of the ideals. For a more precise description of the series 
here in question the reader is referred to the writings just cited. 

In the present paper the writer, on starting out from Hensel’s power-series, 
defines adjointness relatively to a prime ^ in a manner analogous to that in 
which he defines the property in connection with the algebraic functions. 
Employing the letter e to designate a solution of our algebraic equation, it is 
shown that we can construct a rational function E('e) possessing any assigned 
set of adjoint orders of coincidence corresponding to a prime p. From this 
it readily 'follows that we can construct a rational function possessing any set 
of orders of coincidence with the branches of the cycles corresponding to the 
prime in question. We can then construct a general function .S(c) which 
represents only integral algebraic numbers and which possesses a single coinci- 
dence with the branches of an assigned one of the cycles corresponding to any 
prime, while it is not conditional with regard to any other specific prime or 
any other cycle corresponding to the prim© in question. The aggregate of 
numbers represented by this function is a prime ideal. 


11. Ref Oft on Bessel Functions . — See Eeports, p. 37. 


MONDAY, SEPTFjMBER 5. 

The following Papers were read : — 

1. Demonstration of Vacuum-tight Seals between Iron and Glass. 

By Henry J. S. Sand, Ph.D., D.Sc. 

Some cathode-ray tubes were shown in which a vacuum-tight seal between 
iron and glass has been obtained as follows : An iron wire is sealed into a glas^* 
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tube. ^ While the glass is hot a small piece of heated steel tube surrounding the 
wire is pushed a few millimetres into the glass. After cooling the tube is 
soldered to the wire. The vacuum-tight seal is produced between the inner 
surface of the elastic steel tube, which on cooling is put under tension, and the 
glass which comes under compression. Seals with wires of 1 mm. diameter have 
been produced in this way. 


2. The Relation between Density and Refractive Index, 
By Dr. T. H. Havelock. 


3. A Complete A'p'paratus for the Measurement of Sound, 

By Professor Arthur Gordon Webster. 

This research involves three parts, all necessary for the measurement of 
sound intensity in absolute measure. First, a constant source of harmonic 
vibrations, termed the 'pKone; second, an instrument capable of measuring 
the intensity of the sound thus generated, and called a phonometer; third, the 
study of the propagation of the sound from the former and the latter, involving 
the determination of the reflecting power of the flat surface of the earth. The 
phone consists of a steel diaphragm rigidly driven by an electrically maintained 
tuning-fork, and made the back of a resonator, of the form of a small hollow 
chamber or of a tube of variable length. The reacting of the sound upon the 
amplitude of the fork enables the constants of the resonator to be accurately 
determined, so that the emission may be measured in watts. The phonometer 
is a glass diaphragm, made the base of a resonator of either type, and bearing 
a light mirror which constitutes one mirror of a Michelson interferometer. The 
displacement is measured stroboscopically by a moving telescope, and the 
amplitude of the pressure change is read ofl on a scale in dynes / cm®. On account 
of the magnification due to resonance, the instrument is as sensitive as the ear 
for pitch 256 vibrations per second. The law of propagation is confirmed and 
the reflection of the earth determined by measuring at different distances from 
the phone the sound given by interference with its image in the ground. All 
points in the theory involved have been experimentally verified, and it seems 
possible to have an over-all accuracy of within 10 per cent. 


4. On the Relation of S'pectra to the Periodic Series of the Elements. 

By Professor W. M. Hicks, D.Sc.^ F,R.S, 

The author described some results recently obtained by in a critical 
study of the spectral series of the second and third groups of the periodic table 
of elements, more especially their dependence on the atomic volume of the element. 
Formula constants obtained from the wave numbers of three lines of the Sharp 
series are definite functions of atomic weight and atomic volmne. The exact 
form of the function of atomic \veight had not been yet determined, but when 
it is known the measurement of the wave-lengths of a spectrum should give one 
of the most accurate methods of determining the atomic weight of an element. 
The function of the atomic volume was so far determined as to give deductions 
of atomic volume, or of density, very close to observational values in the case of 
the first three groups of the periodic series. Applying the method to the spec- 
trum of Eui*opium as given by Exner and Haschek, a density of 13.1 was predicted 
for that element. 


5. The Series Spectrum of the Mercury Arc, By S. E. Milner, D.Sc. 

With the arc in air there is always a continuous background to the spectrum 
present. This sets a limit to the faintness of the lines which can be observed, 
attempts to photograph faint lines by increasing the time of exposure will 
in the fogging of the plate by the background. The spectrum of 
Ifee mcm is characterised by an almost entire absence of a continuous 
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background, and exposures over one hundi’ed times the normal can be given 
before the background makes itself evident. Photographs of the mercury arc in 
vacuo with very long exposures showed many new lines, among which the lines 
forming the continuation of the various series of mercuiy were strikingly 
developed. The wave-lengths of the lines of the principal and of the diffuse 
series have been measured up to the fifteenth, and those of the sharp series up 
to the thirteenth. The results afford a strict verification of Rydberg’s law — that 
the frequency of the first line of the sharp series is equal to the difference of the 
limits of the sharp and the principal series. 

6. On Apparatus for the production of Circularly Polarised Light and V 
a New Form of White Light Half-shade, By A. F. Oxley, 

If we send a beam of plane polarised light through a Fresnel’s rhomb — 
the azimuth of the incident vibration being 45° with respect to a principal 
section of the rhomb — ^the emergent beam of circularly polarised light is displaced 
laterally from the incident beam. This necessitates readjustment of the suc- 
cessive pieces of apparatus if we are to keep the beam of 
light in the field of view as the rhomb is rotated. If w^e 
use a quarter- wave plate to produce the circularly polarised 
light no lateral displacement is experienced, but we are 
limited to the use of monochromatic light in this case. 

The idea of the present investigation was to devise a piece 
of apparatus -which would produce a beam of circularly 
polarised white light without involving the inconvenience 
of the lateral displacement previously referred to. 

Two pieces of apparatus have been devised with this 
object in view. In the first, two rhombs of glass are 
arranged as shown in fig. 1, the rhombs being in close 
contact. A beam of plane polarised light enters at the 
top and is reflected in turn from the surfaces A, B, 0 and 
D, so that the direction of the energent beam is a con- 
tinuation of that of the incident beam. If the refractive 
index of the glass be 1*5035 for D (Uviol glass) and the 
angle of the rhomb be 74° 38^*2, the phase difference be- 
tween the component vibrations polarised parallel and 
perpendicular to the plane of incidence is equivalent to 

and the emergent light is consequently circularly 
polarised. If the angle of the rhomb be 42° 34'*8, we still Fig. 1. 

get the same effect ^ but since the variation of the phase 

difference between the components with respect to the wave-length is 
much smaller for the larger angle, the latter is adopted. In fact, if we 
choose the larger angle, the ehipticity of the transmitted light for any wave- 
length is over half the ellipticity for the corresponding wave-length when a 
Fresnel’s rhomb is used, although there are four reflections in the former case 
and only two in the latter. Hence the present form is more efficient than a 
Fresnel’s rhomb ; but it has the disadvantage of being inconveniently long, the 
length being 15 cm. for an aperture of 1*1 cm. 

This difficulty has, however, been overcome to a large extent in the second 



Fig. 2. 


form of polariser, in which three reflections are used. Fig. 2 shows the path 
of a beam of light through the apparatus. The two blocks of glass are pressed 
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together and the beam of light passes obliquely across the joint. The angle 
of the glass is obtained from a rather complicated equation by trial and error, 
and found to be 73^ 48'*6 (Uviol glass). The efficiency of this form is a little 
greater than that of a Fresnel’s rhomb, and, moreover, its length is 7*5 cm. 

Since the component polarised in the plane of incidence is more copiously 
reflected on crossing the joint than the perpendicular component is, it is neces- 
sary to adjust the azimuth of the incident vibration to compensate for this. 
The correct azimuth with respect to the line AB is where 

tcLTi n — 

cos^(^-^) 


where ^ is the angle of incidence of the beam on the glass-air surface and ^ the 
corresponding angle of refraction. For = 1*5035, fi =49^ 2'. 

In the British Association Reports for 1851 Professor Stokes described a new 



elliptic analyser consisting of a plate of selenite which 
retarded waves of mean refrangihility by about a 
quarter of a wave-length. Some experience is 
required in its use, since we are to work by intensity, 
and the tint produced perplexes the experimenter. 
Still, Professor Stokes claimed very good results to be 
obtainable by his apparatus. As it is difficult to make 
accui'ate settings of a quarter-wave plate and analysing 
Nicol, I thought it probable that the second form of 
polariser, mounted ^ so as to be capable of accurate 
setting, may prove useful in the analysis of elliptic 
vibrations. 

On a New Form of White Light Half-ehade. 

The arrangement of the rhombs in the first form, 
described above, may be used to form a white light 
half -plate. Taking MD^ = 1*5173, and the angle of 
each rhomb 65° 15'*5, the total phase difference between 
the components on emergence is tt. Half the field 


]7j;g. 3. of view is occupied by the aperture of one of these 


rhombs and the other half by the end of one of the 
glass blocks, C, D. These blocks partly compensate for absorption, but their 
chief use is to compensate for the loss of light at the four reflections at normal 
incidence. This half- shade — ^using wMte light — ^has been compared with the 
Laurent half -shade— -using monochromatic light— and was found quite as 
efficient as the Laurent. Since the cost of large blocks of calcite is becoming 
more and more prohibitive to their use, the present form of white light half- 
shade, which can readily be made by mounting the rhombs as indicated, may 
prove useful. The length for an aperture of 1*6 an. is about 3 cm. 


Joint Discussion with Section G on the Princi'ples of Mechanical Flight, 
Opened hy Professor 6. H. Bryan, F,R.S, 


TUESDAY, SEPTEMBER 6. 

Discussion on Atmos'pheric Electricity, Opened by Dr. Charles 
Chree, F.RS. 

Atmospheric electricity includes a great variety of phenomena. Omitting 
Aurora as a subject so large as to require a separate discussion, we may mention 
the potential gradient in the atmosphere, the influence of potential gradient 
and electrical charges on the growth of vegetation, the phenomena of thunder- 
storms, the loss of charge experienced by insulated bodies, the number and 

* The edge of the glass which replaces an axis of the quarter- wave plate should 
be specially worked. 




TRANSACTIONS OF SECTION A. 


537 


nature of the positive and negative ions in the air, the vertical earth-air current, 
and the phenornena of radioactivity. The potential gradient and its diurnal 
and annual variation have been the subject of study for a good many years, 
and we know that the phenomena vary largely with the season of the year at any 
given station, and that there are notable differences between different stations 
at ground -level. As yet but little is known of the diurnal and annual changes 
at different heights in the free atmosphere. Observations made near the top 
of the Eiffel Tower suggest that the phenomena alter rapidly as the height 
above the ground increases. Thus observations from balloons and kites, if these 
could be maintained at a fixed level, would be of great importance. The influence 
of electricity on the growth of plants, first seriously studied by Professor 
Lemstrom, seems not unlikely to prove in the future of economic importance. 
The phenomena of thunderstorms have received considerable study from 
meteorologists, but many lines of investigation present themselves. The loss 
of charge of insulated bodies and the ionic charges in the atmosphere have been 
most studied in Austria and Germany, Elster and Geitel in particular having 
done much pioneer work. In this country Mr. C. T. E. Wilson has investigated 
the electric charge brought down by rain and has invented an instrument for 
measuring the earth-air current. While a great number of theories have been 
advanced to account for the several phenomena, there are few, if any, of them 
which command anything like universal acceptance. 


Department op Mathematics and Physics. 

The following Papers and Eeport were read : — 

1. An Auto-coUimating and Focussing Frism, and a Simfle Form of 
Spectrogra'ph, By Professor C. F^ry, JD.Sc, 

The value of the spectroscope, and especially of the quartz spectrograph, 
which includes the ultra-violet rays, as a means of scientific research, has led 
the author to attempt the simplification of the apparatus to render it suitable 
for industrial investigations concerning metals, alloys, &c. The employment 
of the principle of auto-collimation, with a 30° prism, simultaneously shortens 
the apparatus, simplifies the lens system, and avoids trouble due to the rotatory 
properties of the quartz, since the prism is traversed twice in opposite directions. 
But the difficulty still remains with the ordinary lens system, that the non- 
achromatism of the lens leads to a somewhat impure spectrum, and to a very 
great inclination (about 64°) of the plate. Hence a means was sought of 
eliminating this lens. The general condition for producing a pure spectriun 
is that all the incident or refracted rays should make the same angle with the 
refracting surface. By giving suitable spherical curvatures to the front and 
back surfaces of the prism this condition is very closely realised, and a sharp 
spectrum is obtained on a cylindrical surface, exactly as with a curved reflecting 
grating, and with a much smaller inclination of the plate. 

The spectrograph therefore consists simply of a heavy base,^ upon which 
is fixed the new prism, a carefully made slit, and a slide for holding the plates 
and bending them to the required cylindrical form, and also permitting of a 
vertical displacement of the plate, so as to get several successive spectra in 
exact juxtaposition for easy comparison. The adjustments can be made and 
clamped, and a light-tight cover slipped into grooves, leaving only the slit and 
the back of the slide exposed. A quartz cylindrical lens is fixed on a sliding 
rod, so that its optic axis is always coincident with that of the slit and prism, 
and serves to concentrate the light from the arc or other source on the slit. 
The exposure for an arc spectrum under normal conditions is about thirty 
seconds. 

The author described the theory of the prism and the details of the 
apparatus, and also gave examples of the photographs obtained.^ 


See Engineering, October 7, 1910. 
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2. The Magnetic Field 'produced hy the Motion of a Charged Condenser 
through Space. By W. F. 6. Swann, B.Sc. 

Alter referring to the impossibility of detecting the magnetic field bjr means 
of a compass needle, the possibility of detecting it by means of a rotating coil 
was discussed. It was first shown that in the case of a closed circuit at constant 
potential moving through space in company with a system of charged bodies, 
the total magnetic flux through the circuit is zero. If, however, the space within 
the coil is partially filled with a dielectric, then, provided that the S.I.O. may 
be looked upon as a quantity absolutely continuous throughout the dielectric, 
a magnetic flux through the coil should exist] it was shown further, however, 
that if dielectric action is to be explained entirely by the presence of electric 
charges, or doublets, no resultant magnetic flux is to be anticipated, even in this 
case. 

Two condensers were formed from three parallel plates, the middle plate 
being common to both condensers. Two coils fastened to the same axle, and 
wound in opposite directions so as to eliminate fluctuation of the earth’s field, 
were rotated, one between the plates of each condenser. The apparatus gave a 
null effect, which is taken to support the doublet theory of dielectric action. 


3. On the Secondary Radiation from Carbon at Loio Temperatures, 

By V, B. Pound. 

In this paper a series of experiments were described, in which measurements 
were made on the secondary rays from carbon in air when bombarded in a high 
vacuum by the Alpha rays from polonium. 

Observations were made (1) at room temperature and (2) at the temperature 
of liquid air. The secondary radiation excited at the lower temperature was 
found to be about 50 per cent, greater than that obtained at the higher tempera- 
ture, and this marked difference was ascribed to the presence of the large 
quantity of air which is known to be occluded in the carbon. The same pheno- 
menon was observed when hydrogen was occluded in the carbon instead of air. 


4. Photoelectric Fatigue, By H. Stanley Allen, M,A,, D:Sc, 

The observation of Hertz in 1887 that the electric spark passes more readily 
when the spark gap is illuminated by ultra-violet light led to the discovery by 
Hallwaehs of the photoelectric current. A negatively charged body often lases 
its charge rapidly when exposed to light, especially to ultra-violet light. The 
discharge is due to the emission of negative electrons from the illuminated 
surface. The photoelectric activity of a freshly polished metal surface diminishes 
with the time, falling off rapidly at first, more slowly later on. This is known 
as the ‘ fatigue ’ of the Hallwaehs effect. In the early literature of the subject 
the fatigue was attributed to the direct action of the light, but Hallwaehs showed 
in 1904 that fatigue proceeds in' complete darkness, so that light cannot be the 
primary cause of the change. This result has been questioned, but is now con- 
firmed by the experiments of Bergwitz. Dember, TJllmann, and Allen. Light can, 
however, set up secondary actions tending to accelerate or retard fatigue. 

Hallwaehs has shown that at ordinary pressures fatigue is more rapid in a 
large vessel than in a small one. This also was called in question by Aigner, but 
is confirmed by Ullmann and by Allen. 

The fatigue is practically independent of the electrical condition of the plate. 
This was shown by v. Schweidler and has received confimiation in the researches 
of Hallwaehs, Sadzewicz, and Allen. 

Experiments in a vacuum have led to contradictory results. Lenard and 
Ladenbuxg found marked fatigue in certain cases, while for the alkali metals, 
ftrst investigated by Elster and Geitel, several obseiwers conclude that there is' 
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no true fatigue. Recent experiments by Millikan and Winchester show no 
fatigue with clean unpolished metal surfaces in a very high vacuum. To explain 
the fatigue found by other investigators we must take into account the mode of 
preparation of the surface (Ladenbm'g’s plates were polished with emery and 
oil)j the difficulty of removing air films from the surface, and the possibility of 
changes in the gas pressure. 

Various theories have been advanced as to the nature of the change accom- 
panying photoelectric fatigue ; — 

(1) A chemical change, such as oxidation of the surface. 

(2) A physical change of the metal itself, as, for example, a roughening 
of the surface. 

(3) An electrical change in the formation of an electrical double layer 
(Lenard). 

(4) A disintegration of the metal, due to the expulsion of electrons by light 
(Ramsay and Spencer). 

(5) A change in the surface film of gas or in the gas occluded in the metal 
(Hallwachs). 

Hallwachs has shown from the photoelectric behaviour of copper and its 
oxides that oxidation cannot be the cause of fatigue, and the fact that fatigue 
is less in a small vessel may be interpreted by attributing it to some substance 
{e.g., ozone, water vapour) present in small quantities in the surrounding 
atmosphere. The results recorded lead to the view that the main cause oSf 
fatigue is to be found in the condition of the gaseous layer at the surface of 
the plate. 
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5. On the Recoil of Radium B from Radium A, 

By Dr. W. Makower, Dr. S. Euss, and E. J. Evans. 

The first experiments by Russ and Makower were made to determine whether 
RaB is electrically charged when it recoils in vacuo from RaA, and, if so, 
the sign and magnitude of the deflection. A number of experiments, in which 
the RaB was passed through a strong electric field maintained between two 
brass electrodes made it clear that RaB is positively charged in these circum- 
stances. Further experiments were therefore made, in which RaB recoiling 
in vacuo from a wire coated with RaA was caused to pass between two 
brass plates, V17 mm. apart, kept at a difference of potential which varied 
in different experiments from about 1,(X)0 volts to 2,000 volts. The RaB sub- 
sequently fell upon a brass strip. AJfter an exposure of ten minutes to the 
radiation the brass strip was removed, and the distribution of activity over 
the strip was tested by mounting it on a movable platform and bringing 
successive portions of the strip under a* rectangular window made of aluminium 
leaf cut in a sheet of lead forming the base of an a -ray electroscope. The 
window was 3 mm. long and 1 mm, wide. The magnitude of the deflection thus 
found was of the order of magnitude to be expected if RaB carries the atomic 
charge of electricity and if its atomic weight is 214, as is to be expected on the 
transformation theory of radio-active processes. 

Experiments were also made by Makower and Evans on the magnetic deflec- 
tion of RaB when it recoils. The radiant matter was made to pass in vacuo 
through the field of a powerful electro-magnet, and then to fall upon a brass 
1910. N N 
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strip as in the experiments on the electric deflection. The distribution of activity 
over the strip was measured and the magnitude of the deflection produced by 
the magnetic field thus determined. 

By measuring the radius of curvature of the radiation in a magnetic field of 
known strength the value 


mv 

e 


= 7-26x105 


was obtained. 

In later experiments the RaB recoiling from a platinum wire coated with 
BaA was allowed to pass,^ in a magnetic field, through a slit and then fall upon 
a brass strip for three minutes. The magnetic field was then reversed and the 
radiation allowed to continue for seven minutes, until the RaA on the wire had 
decayed to an inappreciable quantity. The brass strip was then removed and 
placed on a photographic plate and left for several hours. The B.aC formed 
in sittt from the BaB on the strip produced an impression on the photographic 
plate when developed. It was found that there were two well-marked maxima 
of intensity, representing the distribution of RaB reaching the strip with the 
direct and reversed magnetic fields. By measuring the distance between these 
maxima, and from the known dimensions of the apparatus, the radius of curva- 
ture of the rays in a magnetic field of known strength was determined, giving 
the value 


— =6-52 X 10* 
e 


This value is in fair agreement with that obtained by the first method and is 
probably somewhat more accurate. 

The value of ^ for the a particle from RaA has been found by Rutherford 

to be 3-4x10®. Now, since the momentum of the a particle and that of the 
recoiling atom must be the same, it follows from these numbers that RaB 
carries the atomic charge of electricity, since the a particle carries twice that 
charge. 

Taken in conjunction with the results of the experiments on the electrostatic 
deflection, the velocity of the radium B particles is found to be 3-23x10^ cm. 
per second and its atomic weight 194. 


6. On the Resahitwn of the Spectral Lines of Mercury, 

By Professor J. C. MoLezstnan and N. Macallum. 

In this communication a series of slides were exhibited which illustrated 
the resolving power of a high-grade echelon spectroscope recently made by the 
Adam Hilger Co. for the Physical Laboratory at Toronto. With this instrument 
the green line of mercury 6461 AU was shown to consist of a central doublet 
accompanied by three satellites of ^eater and by three of smaller wave-length, 
and the bhie line 4389 xlU to consist of a central strong line accompanied by 
three satellites of greater wave-length and by two of shorter wave-length. The 
results are in good agreement with the components of the same lines recently 
obtained by Gale and others with a 7-in. Michelson plane grating. 

Slides were also shown which illustrated the magnetic resolution of the 
satellite of shortest wave-length of the line 5461 AU. Under magnetic fields of 
2,000 Gauss this line vras resolved into a quartet, the inner doublet of which 
corresponded to vibrations parallel to the magnetic field and the outer to vibra- 
tions perpendicular to the inagnetic field. Measurements made on the displace- 
ments of the lines constituting the quartet showed that the magnetic separation 
of the two doublets correspoifded, approximately to three fourths and three halves 
that of the outer components of a normal triplet. 


7. On the Actwe Deposit from Actinium, By W. T. Kennedy. 

This paper was presented by Professor McLennan, and contained an account 
of experiments made on the active deposit obtained when the emanation from 
actimum was allowed to di^u^ freoly between two parallel plates placed about 
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two millimetres apart, directly over the actinium salt. These two plates were 
maintained at a difference of potential of about 250 volts. 

Measurements were made on the amount of the active deposit obtained at 
different pressures on a narrow strip of the negatively charged plate, at a distance 
X from the salt. The deposit was found (with different values selected for x) 
to reach a maximum at a certain critical pressure which varied according to the 
law 2?.a;=a constant. From the fact that the maximum deposit followed this 
law, it was concluded that the amount of active deposit corresponding to a given 
constant amount of emanation under equilibrium conditions which possessed 
a positive charge varied with the pressure of the gas in the emanation chamber. 

The expression! = , ^ , t was deduced for the amount of active deposit 

possessing a positive charge under these conditions. It was also pointed out 
that these experiments seemed to show that the deposit particles acquired their 
positive charges from the surrounding ionised gas by a process of diffusion 
rather than as a direct result of the expulsion of alpha particles accompanied 
by electrons in the process of disintegration. 


8. Re'port of the Committee on Electrical Standards . — See Eeports, p. 38. 


Department of Cosmical Physics and Astronomy. 

The following Papers were read : — 

1. On Barometric Waves of Short Period. By Dr. Wilhelm Schmidt. 

To carry out an investigation of barometric waves of short period it is 
essential to eliminate the changes of longer duration as far as possible. In the 
variograph a recording instrument with this air was shown. It registers, 
instead of the barometric pressure at every moment, the rate of its variation — 
i.c., its first differential coefficient in regard to the time. A uniform rise in 
barometric pressure of of a mm. mercury per second, for instance, is in this 
instrument recorded by a constant deflection of the recording pen of 1 to 3 cm. 
from the zero-line.^ 

A good place for researches of this sort was found at Innsbruck, in the 
Tyrol. Here, especially in winter time, exist all the conditions necessary for 
the formation of a cold-air lake at the bottom of the valley, whereas above 
it there is often a warm, dry, southerly wind, the * foehn.’ By its influence waves 
are generated in the separating surface and recorded at the bottom as barometric 
oscillations, the pressure being higher under the crest of a wave, lower under 
its valley. 

Samples of records were shown, obtained at two points, 1,960 metres apart. 
They led to the conclusion that waves of longer duration are probably standing 
waves, while those of shorter period are propagating ones. In a certain case 
of foehn, where movement and temperature of both layers could be deduced from 
observations, a comparison with the theory was tried. 

The formula of Helmholtz gives for the duration of a single oscillation a 
value between 3 min. 17 sec. and 3 min. 19 sec. if one takes into account the 
current of the foehn only — a minimum value of 3*6 min. with the observed 
westerly wind at the bottom. Both sorts of waves are independent of one 
another, and, if formed, there will be only a sort of interference on the variograph 
curves. The observed period was 3*5 min., which is in very good agreement 
with the theory. Standing waves would also be possible, due to transversal 
oscillations in the cold-air lake, but with a probable dimation of 9 min. about. 

As the 'conditions here are very favourable, regular waves of pressure were 
found very often in the mountain- valley. But they occurred also at a place 
with much freer exposure, at Vienna. Here they could not be so dependent 
upon local conditions, but must show the influence of the general conditions 

^ The instrument is fully described in Wiener SifzungsbericJitey June 1909. 

n n 2 
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in the free atmosphere. Three causes of very regular waves were shown, two 
occurring during or instantly after a rapid increase of pressure, the third during 
a more constant, but somewhat irregular, rise. The variogram of a more com- 
plicated line-squall consisted also of rather regular waves. 

In all those cases in which one had pronounced regular oscillations, some 
hours after their occurrence a line-squall was observed ; and, vice versa, in most 
cases of stronger squalls regular waves of pressure were developed some time 
before. Such oscillations may therefore be due to some disturbance on the front 
of secondary or V-shaped depressions, in whose rear cold air is flowing in. 
This suggestion is confirmed also by cloud observations. 

The study of the minor fluctuations of the atmosphere, and especiallv of 
regular waves, may therefore be not only of purely theoretical interest, but also 
useful in forecasts as an indication of changes in the free atmosphere. 


2. Ohsermtions on the U'pper Atmosphere during the Passage of the Earth 
through the Tail of Halley^ $ Com-et. By W. H. Dines, F-RB, 

This paper gave the results obtained from thirteen ascents of registering 
balloons from Ditcham Park, Pyrton Hill, and Manchester. The records do not 
show any result that can reasonably be put down to the action of the comet, but 
they nearly all agree in showing that at that particular time rapid variations of 
temperature were in progress in the upper air. It was pointed out that an un- 
usual number. of oscillations were recorded on the microbarograph during that 
week, and the possibility of the two phenomena being connected was discussed, 
and the difficulty of finding any reasonable explanation of the large changes of 
temperature that are known to occur in the upper atmosphere was pointed out. 


3. Radiation Pressure in Cosmical Problems. 

By J. W. Nicholson, M.A., I).Sc. 

The paper dealt mainly with a determination of the pressure produced 
by a train of plane electromagnetic waves incident on a totally reflecting sphere. 
This problem has been worked out previously by Schwarzschild,^ but more 
extended calculations do not support his numerical results in detail. Yet the 
general character of the results is preserved. When the incident light is mono- 
chromatic, the following table may be constructed, where p is the pressure, a 
the radius of the sphere, and X the wave-length : — 


2va j 

0'5 

0*6 

0*7 

0*8 

. .. 

0*9 

1*0 

X ' 

2a 

G-28 

6*24 

4*49 

3*93 

3*49 

3*14 

JB. . 

0*29055 

0*58133 

1*0245 

1*5561 

2*0648 

2*41945 

2na 

“x 

M 

1*2 

1*5 

2*0 

! 

2*5 

i 

3*0 

A 

2a 

2-86 

2*62 

1 2*09 

1 

1*57 

1*26 

1*05 

P 
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2*8564 
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1 
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i 

j 1-9978 

1*5893 

1*4415 

1*320 


^ Siiz, der Math. Phys. zu Munchen, 1901-02, p. 293. 
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The incident energy per unit volume is E, and the limiting pressure on a large 
sphere is Schwarzschild gave 2*5 as the maximuni ratio of pressure 

to ra^Ef but the true value is between 2*9 and 3. For a tail of a comet com- 
posed of particles of the proper density, this increases the maximum possible 
ratio of pressure to gravitational attraction of the sun from 18*5 to 22 for 
monochromatic rediation. 

When the ratio of diameter to wave-length increases beyond the critical 
value corresponding to this maximum, the fall of the ratio towards unity 

is less rapid than Bchwarzchild’s figures would indicate, so that there is a doser 
approximation to the maximum, for a given size of particle, over a greater range 
of the spectrum. 

When, by the use of Wien’s law, the effect of the continuous spectrum on 
any particle is determined, the maximum pressure is larger, for two reasons — 
viz., the increase in the monochromatic maximimi and the decrease in its gradient 
— than that hitherto accepted. The increase is very useful to a radiation pressure 
theory of the tails of comets in that it removes the necessity for the majority 
of the particles in these tails to be totally reflecting, and at the same time 
approximately of the critical size. 

When two particles fairly close together are under the influence of solar 
radiation, they will mutually repel in certain cases, and the size for which the 
mutual repulsion will just balance the gravitational action will be much larger 
than in the case dealt wuth above. A mathematical determination of this critical 
size would be of great service in testing an alternative theory of the tails, 
and appears to be possible. The need for w'ork on these and other lines was 
emphasised in the paper. 

A departure from the spherical shape could greatly increase the maximum 
pressure in some cases, and that of a disc-shaped particle provides a rough 
illustration. 


4.* Note on the Results of the Hourly Balloon Ascents made from the 
Meteorological Department of the Manchester University, March 18 to 
19, 1910. By Miss Margaret White, M,Sc. 

The balloons carried Dines self-recording instruments, and were sent up 
hourly from 7 p.m,, March 18, to 10 p.m., March 19. Twenty were recovered. 

A north wind prevailed at the ground during the greater part of the period 
over which the ascents extended, but it became more westerly in the afternoon 
of the 19th. The balloons were found in the Hereford, Worcester, and 
Monmouth districts, one reaching North Devon. 

While the maximum height reached varied from 9 to 20 kms., the direction 
of the places of. fall was constant within 18°, and this slight change was pro- 
gressive and in the same direction as the variation in the direction of start. 
It thus appears that the direction of the upper wind was constant throughout 
the time of the experiments and did not vary with height.' The direction 
followed was practically that of the isobars shown at the ground. 

The maximum duration of the ascent (obtained from information of the’ time 
at which the balloons were picked up or, in some cases, seen falling) in several 
cases did not exceed two hours, which, assuming a uniform increase of wind 
velocity with height, indicates a maximum velocity of more than 100 miles per 
hour. A table giving the direction of start, maximum height reached, and 
distance in direction of place of fall was shown. 

The curves of variation of temperature with height were given. These do 
not diverge from the now well-known general type. The average temperature 
gradients shown for successive kilometres above sea-level are : 0*97, 0*41, 0*41, 0*47, 
0*54, 0*58, 0*69, 0*70, 0*63, 0*58, 0*21, -0*11, -0*12, -O’ll, -0*08, -0*03, -0*02, 
— O'Ol, —0*02, —0*05 degrees Centigrade per 100 metres. 

Isothermal lines over the time of the ascent are plotted at intervals of 5° 0, 
Whereas at the ground level the temperature was remarkably constant through- 
out the course of the experiments, showing a variation of less than 2° from 
the mean, the isothermals at the higher levels show a well-marked rise through- 
out the first fifteen hours, — a temperature of — 40° C. was at first encountered 
at a height of six kilometres, and at the end of twelve hours was not met with 
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until eight kilometres was reached. In fact the iso thermals at the higher levels 
follow the general trend of the ground barometer, but the results are scarcely 
sufficient definitely to regard this as more than a coincidence. 

The effect of solar radiation during the daylight hours on the temperature 
of the upper layers was almost inappreciable in this series and also in the series 
June 2 and 3, 1909. 

The curves show that, there was no very considerable absorption in any one 
layer, and it may be calculated numerically that the maximum effect of the 
sun’s rays during a March day would only be sufficient to raise the temperature 
of the whole thickness of the atmosphere by a few degrees Centigrade. 


5. Temperature Inversions in the Rocky Mountains, By E. F. Stupart, 


6 . The Effect of Radiation on the Height and Temperature of the 
Advective Region. By E. Gold, M.A. 

If He denote the height and Tc the temperature of the layer at which the advective 
region begins, then observations show (1) that He is greater and Tc less over anti- 
cyclones than over cyclones ; (2) that H© increases and To probably decreases with 
approach towards the equator. While the conditions (1) are temporary in character 
and may be not due to but in spite of radiation effects ; (2) represents an approxi- 
mately steady and permanent state in which radiation must play a predominant part. 
The following conclusions have been reached by the use of the methods developed in 
‘ The Isothermal Layer of the Atmosphere and Atmospheric Radiation.’ 

If the atmosphere be divided into two regions, in the upper of which the tem- 
perature is constant, then for a given temperature distribution from the earth’s surface 
upwards, the excess of the radiation from the upper layer over the absorption by it of 
terrestrial radiation, t.e,, radiation from earth and lower atmosphere, increases if the 
absorbing power, 6, increases (o) in the upper region alone, (/3) in the convective region 
alone, (y) throughout the atmosphere. This means that so far as radiation from 
terrestrial sources is concerned an increase in the absorbing power of the atmosphere 
will bring about a decrease in the temperature Tc and an increase in the height Ho of 
the advective region, provided the temperature in the convective region remains 
unchanged. 

If the value of 6 remains invariable while the temperature in the convective region 
increases, the values both of He and of T© increase also. 

It aippears therefore that we have here the basis of the explanation of the variation 
with latitude. The increase in humidity towards the equator means an increase in b at 
least in the lower part of the atmosphere, and therefore an increase in a decrease 
in To- The increase in temperature, however, means an increase both in He and in Tc- 
Thus the two effects reinforce each other so far as Ho is concerned, while for To they 
are opposed. The results of observation are on the whole in accordance with this. 
The change in Ho is very mark^, that in To is slight. 

There is, however, another condition to be satisfied. The total radiation out to 
space from the earth and atmosphere must balance the total absorption of solar 
radiation by earth and atmosphere so long as the temperature of the earth remains 
nearly oon^nt. The exact distribution in latitude of the absorption is not known, 
but it is oertjalnly greatest at the equator and diminishes towards the poles. The 
radiation must then also be greatest near the equator and must diminish pole- wards, 
but the rate of variation witii latitude will be smaller than for the absorption owing 
to the transference of energy by oceanic and atmospheric currents. 

Now if the atmosphere is what is termed a ‘ gray ’ body, Le., if each layer of it 
radiates throughout the spectrum with an intensity proportional to that of. a black 
body at the same temperature, any increase in h diminishes the value of the outward 
radiation, and if the diminution is great enough to counterbalance the effect of an 
increased surface temperature on T^ it will also counterbalance the effect of the in- 
creased temperature on the outward radiation. There could not therefore under 
these circumstances be a balance in the transference of energy since the outward 
radiation would be at least as small near the equator as in h^her latitudes. Thus 
the atmosphere cannot be regarded as a * gray body * in strict calculations on the 
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connection between radiation and the advective region. Of course it is known 
experimentally that the absorption of the atmosphere for different wave-lengths does 
vary very much, but it seemed possible that an average value would be sufficiently 
accurate for practical applications. This proves now not to be tlie case, and calcula- 
tions based on the assumption that it is permissible may be subjeci^ to large corrections. 

There must be a considerable portion of the spectrum for which the atmosphere 
is nearly transparent, and it is this fact which makes possible a lower temperature 
in the advective region near the equator. If this were not the case, the tem}Derature 
at the earth’s surface and in the convective region would rise until the balance with 
the absorbed solar radiation was established, which could only be after the tempera- 
toe of the advective region had risen above its value for temperate latitudes. 

It has been suggested that the cause of the variation of To with latitude is a greater 
proportion of ozone in temperate than in equatorial regions in the upper atmosphere. 
This is in itself insufficient, because To depends not on the absorbing power of the 
advective region but upon the ‘effective’ temperature of the incident radiation. 
If the latter is unchanged, an increase in absorption in the advective region is accom- 
panied by an increase in radiation from it and there is no increase in Tq. The dis- 
tribution of ozone may modify the conditions in proportion to its relative importance 
as an absorbing constituent, compared with water vapour. It could affect Tc in the 
manner observed only (1) if water vapour were tmnsparent to ozone radiation; 

(2) if the intermediate atmospheric layers were nearly transparent to ozone radiation ; 

(3) if ozone predominated in the advective region in temperate latitudes and water 
vapour in the same region near the equator. 

if, as is generally accepted, the vertical motion near the equator is upwards only, 
then for all heights above the condensation level, 2 km. say, the air must be saturated 
with water vapour. Thus if the vertical temperature gradient is the same as for a 
place in the temperature zone in latitude <f>, the amount of water vapour between the 
isothermal surfaces at temperatures to, 4 must be greater near the equator than 
in latitude being the surface temperature and ic that of the advective region in 
latitude 4>, But the outward radiation across the surface, to, is greater at the equator 
than in latitude owing to the higher temperature of the air beneath the siiface. 
There must then be more of this radiation absorbed unless the value of Tc at the 
equator is to exceed to ; and this greater absorption is in accordance with the deduction 
regarding the water vapour made above. We may say therefore that the variation 
in the distribution of water vapour, combined with the presence of spectral regions 
for which the atmosphere is nearly transparent, is alone sufficient to explain the 
variation of Tc and Hp with latitude. 


7, A Sensitive Bifilar Seismograph iviih some Records, 
By Professor F. G. Baily, M,A, 


WEDNESDAY, SEPTEMBER 7. 

The following Papers and Beports were read : — 

1. Stars as Furnaces. By Sir Noeman Lockyee, K.O.B., F,R.S. 

2. On the Evolutions of a Vortex. By Professor W. M. Hicks, F.R.S. 

3. Report of the Seismological Committee . — See Beports, p. 44. 

4. On the Rate of Propagation of Magnetic Disturbances. 

By C, Cheee, D.Sc., F.R.S. 

This paper was mainly devoted to a recent view of Dr. L. A. Bauer, head 
of the Department of Terrestrial Magnetism m the Carnegie Institution of 
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Washington, and editor of ‘ Terrestrial Magnetism/ who believes he has esta- 
blished the fact that the so-called * sudden commencements ’ of magnetic 
storms are propagated at such a rate as to take on the average about 3| min. 
to go round the earth. Dr. Bauer believes the cause of these disturbances to be 
a peculiar form of overhead electric current in the plane of the earth^s equator, 
due to charged ions whose height is on the average about fifty miles. Dr. Bauer 
advances a theorji^ to account for the motion of the charged ions, which the author 
criticised. The conclusion reached is that the theory is unsatisfactory in several 
respects. The paper also dealt with a recent paper by Mr. R. L. Paris which 
treats of the records of fifteen magnetic disturbances as recorded at the five 
stations of the TJ.S. Coast and Geodetic Survey, viz., Porto Rico, Cheltenham 
(Maryland), Baldwin, Sitka, and Honolulu. Mr. Paris deduces fronii the 
observed times of conmiencement of the disturbances finite rates of propagation 
whose average seems to accord well with Dr. Bauer’s theoretical conclusions. 
The data given by Mr. Paris was regarded critically from several points of 
view, and a variety of apparent inconsistencies pointed out. 

The final conclusion reached is that the evidence advanced by Mr. Paris is 
inconclusive. 

5. Ninth Refort on the Investigation of the Upper Atmosphere. 

See Keports, p. 72. 


6. Report on Magnetic Observations at Falmouth Observatory. 
See Eeports, p. 74. 


7. Report of the Committee to aid in Establishing a Solar Observatory 
in Australia . — See Eeports, p. 42 , 


8. RepoH on the Geodetic Arc in Africa . — ^See Eeports, p. 75. 


9. Report on the Provision for the Study of Astronomy, Meteorology, and 
Geophysics in the Universities of ike British Empire . — See Eeports, p. 77. 



Section B. — ^CHEMISTBY. 

Peesident oe the Section. — ^J. E. Stead, E.E.S., F.I.C., E.C.S. 


THURSDAY, SEPTEMBER 1 . 


The President delivered the following Address ; — 

[Plates viii.-xi.]‘ 

It was with considerable diffidence that I accepted the position of President of 
this Section. The long list of illustrious and eminent chemists who have occupied 
the chair in the past, scientists of the highest attainments, and usually professors 
of our educational institutions, is indicative of the very high standard to be 
followed. As, however, it was urged that a President with experience in the 
metallurgy of iron and steel was desired, I bowed to the decision of the Council, 
concluding that even as a mere layman I might, in this address, discuss one or 
more subjects to which prominent metallurgists have for the past thirty years 
directed their earnest attention, both in Europe and America. I refer to some 
of the underlying phenomena connected with the effect of sulphur and silicon 
on the carbon condition of commercial cast iron. 

The effect of sulphur and silicon on cast iron has received the attention of 
Karsten, Percy, Weston, Howe, Keep, West, Dillner, Bachman, Summershach, 
Wiist, Johnson, Stoughton, Hailstone, Longmuir, Adamson, Turner and Schuler, 
Levy, and many others. They all agree in concluding that sulphur tends to make 
iron white by retaining the carbon in the combined state, and that silicon tends 
in the opposite direction. Professor Howe and Dr. Wiist have endeavoured to 
arrive at the exact quantitative effect of sulphur and silicon in preventing or 
facilitating the decomposition of the carbides. 

Howe recognised that the data available are insufficient on which to make any 
final conclusion. 

Wiist found, by a series of trials, that in pigs containing 3*15 per cent, cai’bon 
and about 1 per cent, silicon, on an average O'Ol per cent, sulphur prevented 
the separation of 0’02 per cent, graphite, but that with 2 per cent, silicon its effect 
was much less. 

It is the general experience, that the effect of sulphur depends on the proper* 
tion, not only of silicon, but of the total carbon and manganese, and of the 
temperature at which the iron is cast, and the size and temperature of the mould 
into which the metal is run. Under some critical conditions 01 per cent, 
sulphur may prevent the separation of 3 per cent, graphite. 

Howe’s discovery — that the tendency of silicon, in increasing the decomposition 
of the carbides, is rapid at first, especially as the sili<5on inses from zero to 0*75 
per cent., and then slower and slower with each further increase — is very im- 
portant; so also is the generalisation of Messrs. Charpy and Grenet — that the 
separation of graphite on annealing iron which is initially white, containing the 
whole of the carbon in the combined condition, begins at a temperature which 
is the lower the greater the percentage of the associated silicon, and that the 
separation of graphite, once begnn, continues at even lower temperatures than 
that at which it started. 

The evidence advanced by Phillips, Prost, Campredon, Schulte, and others — 
that, on dissolving sulphurous irons in hydrochloric acid, all the sulphur is 
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not given o££ as H^S, and that a part either passes off as S(CH 3)2 or remains 
behind with the solution as some organic product— was tentatively believed as 
indicative that the sulphur is chemically associated with the carbon and the iron. 

Levy,^ who has done much good work in the endeavour to determine the rela- 
tions which exist between iron, carbon, and sulphur, in the alloys of these 
elements, states, as the result of his research, that there is no conclusive evidence 
of any chemical union. 

In his tabulated results showing the amount of sulphur evolved presumably 
as S(CH ,)3 on dissolving iron, carbon and sulphur alloys, the maximum is 
0*06 per cent., but the average is very much less. 

Schulte, on the other hand, had found that from 1 per cent, to 12 per cent, of 
the total sulphur is evolved as an organic sulphur compoundj and Bischoff found 
an even greater quantity. 

The results are apparently conflicting, and it is evidently obvious that more 
research is required in this direction. 

It has been shown by Arnold and McWilliani, and confirmed by others, that 
carbide of iron does not decompose into graphite and iron during the annealing 
of steel until it segregates into relatively large masses. Taking this as a basis 
Mr. Levy has advanced an explanatory hypothesis as to how it is that sulphide of 
iron prevents the decomposition of carbides in white irons. He had found that 
during the solidification of irons free from silicon and manganese, but rich in 
sulphur, ‘ the sulphide separates at a temperature in the neighbourhood of 
1130® C., together with, and as a component of, the austenite-cementite eutectic, 
forming a triple austenite- cement ite-sulphide eutectic, the cementite component 
of which is interstratified with a jointed pearlite (by decomposition of austenite) 
sulphide one.’ He stated that * The presence of iron sulphide in the eutectic intro- 
duces intervening layers, which may partly ball up on annealing, but even then 
leave sulphide films between the cementite crystals ; these act almost as emulsifiers, 
preventing the coalescence of the cementite portion, which is apparently a neces- 
sary preliminary to its decomposition into free carbon and iron. These layers and 
films are so persistent, even on slow cooling, as to retain their position between 
the cementite crystals, until the metal has cooled well below the temperature of 
decomposition, so that an iron which might otherwise become grey is retained, 
even on very protracted cooling, in the white form, by sulphur as sulphide; 
0*25 per cent, sulphur being sufficient for this purpose under the moderately 
protracted cooling conditions of the research. It is not improbable that the 
mechanical force exerted by sulphide, on separation and cooling, may also 
prevent the physical conditions necessary for carbide decomposition, which, as 
is w^ll known, is accompanied by considerable expansion.’ 

It is to be noted that Mr, Levy’s argument is based on the effect of the 
sulphide films in the eutectic, preventing the segregation of the cementite into 
relatively large maeses, which, as he expresses it, Ms apparently a necessary 
preliminary to its decomposition.’ 

His conclusions were based on the examination of hypo-eutectic alloys contain- 
ing not more than 2*75 per cent, carbon and free from massive plates of cementite. 

Whilst admitting that his conclusions may be correct, as applied to the 
eutectic, some other explanation would be necessary if decomposition did not 
occur when a considerable quantity of massive cementite initially were to form 
in the alloy. 

That stable massive cementite can be so obtained in iron sulphide alloys I 
shall presently show. 

If it could be shown that sulphur in some form of combination with the iron 
and carbon does crystallise with the carbides, and that such mixture or solid 
solution is stable and not readily decomposed, it would be reasonable to conclude 
that the sulphur is responsible for the ^bability. 

It has been suggested that silicon in iron decomposes the carbides according 
to the following chemical reaction : 3Si-2He3C=®Pe2Si -20. The only objec- 
tion to this explanation is that the silicon is not free in cast iron, as was proved 
by Turner, and, moreover, as wiU be shown presently, it is combined with iron 
in solid solution before the carbide is decomposed. 

* Journal of the Iron and Steel Institute, No. 2, 1908. 
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Gontermann^ found that on adding pure silicon to molten iron, the iron and 
silicon combined with considerable rise in temperature, and I have noticed the 
same thing even when adding it to carburised iron. 

The same authority, who has made a most careful study of the ternary alloys 
of the iron-carbon-silicon series, has shown that the eutectic freezing-point rises 
with the silicon from 1130° when silicon is absent, to about 1150° when it 
reaches 10 per cent., and to 1175° when it is about 17 per cent., and that the 
carbon in the eutectic of the alloys containing between 0 per cent, and 10 per cent, 
silicon, falls as the silicon rises by about 0*3 per cent, for each unit of silicon. 

The same author pix>ved that the pearl ite reversion-point in these alloys 
rises with the silicon on an avei'age of about 30° C. for each unit of silicon in 
the alloys containing between 0° and 6 per cent, silicon. He concluded, but 
did not actually prove, that in the region of the curve of unvarying equilibrium 
two cementites crystallise; one a solid solution of the carbide and silicide of 
iron; and a second, a mixture of this with another ternary ii’on-silicon-carbon 
solid solution. 

If the composition of the alloy lies between the curve of saturated sili co- 
austenite and the curve of non-varying equilibrixim, saturated silico-austenite 
primarily forms; and following this a secondary crystallisation of a binary 
eutectic consisting of this saturated austenite and silico-cementite. 

In the year 1901 I described certain unique idiomorphic crystals which had 
been found in the hearth of a disused blast-furnace at Blaina. The crystals 
were more or less oxidised on their exterior surfaces. 

The analysis was as follows : — 


After deducting the 
Oxygen, &e. 

Per cent. 

Manganese 54*56 

Iron . . . * 37*71 

Carbon 3*91 

Silicon 3*82 


lOO-OO 


A micro-examination proved the crystals to be quite homogeneous mixtures, or 
solid solutions. It was difficult to assign to them any definite chemical consti- 
tution. They may be considered as silico-carbides of manganese and iron, and, 
as^ will be shown presently, bear a close relation to similar crystals which 
primarily form during the freezing of iron-carbon-silicon alloys. 

Having briefly referred to the work of a number of authorities, I now propose 
to describe my attempts to supplement our knowledge in this direction by a 
purely micro-chemical research. 

In order to understand the remarks which follow, it is necessary briefly to 
describe the changes which occur when pure iron-iron carbide alloys pass from 
the liquid to the solid state as are indicated by the researches of Osmond, 
Roberts-Austen, Stansfield, and of Carpenter and Kneeling 

In the iron alloys containing less than the eutectic proportion of 4*3 per cent, 
carbon, described as hypo-eutectic alloys, austenite octah.edral crystallites of 
the fir-tree type first fall out of solution, and these continue to grow till the 
liquid is so impoverished of iron and enriched in carbon that when the eutectic 
proportion of 4*3 per cent, carbon is reached, the liquid solidifies and breaks 
up into carbide of iron and austenite. 

The hypereutectic allojrs, containing more than the eutectic proportion of 
carbon, on cooling, first yield carbide of iron crystals, and these continue to 
grow till, by removal of the excess carbon, the eutectic proportions of iron and 
carbon are r-gached. The eutectic in its turn then freezes. 

For the purpose of my research it was necessary to select pig metals, grey 
and high in silicon and white with high sulphur. These were kindly supplied 


Anorganische QTiemie, Bd. 59, 1908. 



652 


TRAitTSACTIONS SECTION B. 


by Messrs. Wilson, Pease and Co. and Messrs. Cochrane and Co., Middles- 
brongh. They were made from Cleveland ironstone and contained : — 


— 

White 

Grey Glazed Iron 

No. 1 1 No.2 

Combined carbon .... 

Graphite 

Manganese . . . . . 

Silicon . . . . . 

Sulphur ..... 

Phosphorus ..... 

Per cent. 
2*98 
traces 

0*29 

1*89 

0*27 

1*62 

Per cent, 
nil 

2*65 

0*72 

5*21 

0*03 

1*56 

Per cent. 
Trace 
3*300 
0*676 
4*321 
0*025 
1*660 


It may be accepted that the sulphur in the white iron undoubtedly is the cause 
of the whiteness of the iron, whilst the excessively high silicon and low sulphur 
are equally responsible for the graphitic condition of the carbon in the grey irons. 

The micro-structure of the high silicon metal was characteristic of all 
phosphoretic, high-silicon, carbon alloys. Curved plates of graphite cut the 
mass in many directions, whilst the binary eutectic of phosphorus and iron 
remained in. irregular patches, generally midway between the graphite plates. 
The ground mass occupying the space betw^een the eutectic and graphite plates 
consisted of sHico- ferrite. 

The interesting feature about the structure of the white iron is that there 
was no iron-iron-carbide eutectic. This had been replaced by the ternary 
eutectic of iron-phosphorus and carbon, which, according to Dr. Wust, contains 
about : — 

Per cent. 

Iron 91 

Phosphorus 7 

Carbon 2 

100 


There was evidence that the primary crystals of austenite of the octohedral 
skeleton t^e had been the first to fall out of solution, that the second crystal to 
form consisted of short plates of carbide of iron (cementite) ; whilst the ternary 
eutectic of phosphorus, carbon, and iron was the last to freeze and occupied 
spaces between the cementite plates and the primary crystals. 

Dr. Carpenter and his assistant, Mr. Edwards, of Victoria Dniversity, 
Manchester, kindly obtained, for the purpose of this address, the cooling 
curves of these two typical metals. These were as follows : — 

Grey Iron, 

The long arrest at 1118° indicates a change of state, but is also coincident 
with importent chemical changes. The second long arrest at 945° is due to 
freezing of the iron phosphorus carbon eutectic. The arrest at 850° indicates 
the formation of pearlite, and corresponds closely with the arrest in a similar 
alloy examined by Gontennann. The arrest at 690° is probably due to the forma- 
tion of f^arlite in the eutectic of iron and phosphorus, and is of great interest, 
for it points to the conclusion that silicon is not a constituent of the austenite of 
the ternary eutectic. 


While Iron, 

The micro-structure and analysis help more fully to explain the arrests on 
cooling this alloy. 

The first arrest at 1149° C. is where the primary austenite crystallises with 
the silicon, as will be shown presently. 

The second arrest is where the primary cementite plates freeze. 
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The third arrest at 945° is the freezing-point of the ternary eutectic, and 
is identical with that of the corresponding long arrest of the grey iron. 

The fourth arrest at 770° is coincident with the formation of pearlite. 

Bearing in mind that the manganese in the white iron was insufficient to 
combine with the whole of the sulphur present to form manganese sulphide, it is 



obvious that some other compound or compounds of sulphur existed. The 
microscope clearly revealed the presence of manganese sulphide and traces of free 
iron sulphide. 

The carbide plates were quite free from striations of sulphide, such as had 
been noticed by Mr. Levy in the eutectic of high sulphur irons. 

But for the sulphur present, the silicon would have been sufficient to effect a 
decomposition of the carbides, and the metal in absence of the sulphur would 
have given a grey instead of a vrhite fracture. In view of this conclusion 
it appeared to be probable that if manganese were to be melted with the metal, 
it would combine with the sulphur associated with iron, &c., and crystallise 
as MnS, previous to the solidification of the carbide, or independently, and that 
the metal would then become grey on cooling. 

In order to test this, a portion of the metal was melted in a clay pot with a 
little pure manganese, free from carbon — ^sufficient to give one per cent, of manga- 
nese, which was more than sufficient to combine with the whole of the sulphur. 
As soon as the mass was melted it was at once poured into a sand mould and 
allowed to set. When cold, it brojse with a grey fracture corresponding to 
what is known as hard forge, and the combined carbon instead of being about 
three per cent, was reduced to 0’6 per cent., a result proving the correctness of 
the hypothesis. 

It is well known that when manganese or chromium and some other metals 
are present in large quantities in pig irons, these metals, as carbides, crystallise 
with the carbide of iron forming double carbides, and these are much more 
stable than the massive pure iron carbide. It appeared reasonable to believe 
that if sulphide of iron, or some iron-sulpho-carbon compound, were to crystallise 
with the carbides it would have a similar effect. 

Remembering that the conclusions on this question, as to whether sulphur does 
or does not crystallise with the carbides, are conflicting, it is evident that the 
only possible way to find out whether sulphur does so crystallise is to separate 
the carbide from the iron and test it for sulphur. With this object, a consider- 
able quantity of the original Cleveland white metal was crushed to the very finest 
powder. It was then treated with a 10 per cent, solution of hydrochloric acid in 
water in large excess, and the action of the acid was allowed to continue until 
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evolution of gas ceased. The insoluble matters, consisting mainly of carbides 
and phosphides, were filtered off, washed and dried, ^ and were ground down 
in an agate mortar to a still finer powder, so as to liberate any mechanically 
entangled sulphides. The powder so dealt with was again treated with acid as 
before, after which the residue was filtered off, thoroughly washed with water, 
was transferred to a separate vessel, and was boiled with strong caustic-potash to 
dissolve any decomposition products. ^ • j 

The residue was again filtered oS, was washed and dried, and submitted to 
analysis. The residue when dried weighed about 45 per cent, of the original 
metal, and contained as follows : — 

Per cent. 

Iron ..... 92*43 

Carbon 6*06 

Silicon 0*12 

Sulphur 0*12 

Phosphorus .... 0*97 (6*2 per cent, phosphide of iron) 

Water, &c 0’30 

X00*00 


A second trial was made with the same metal ; but, in this case, repounding and 
acid treatment were repeated three times, so as to eliminate the possibility of 
mechanical inclusion of sulphide or iron. The sulphur found in the remaining 
carbides was 0*1 per cent. 

As the manganese in this metal was not sufiScient to form manganese sulphide 
with the sulphur, it seemed desirable to determine whether or not when the 
manganese is in sufficient quantity sulphur would crystallise with the carbide. 
For this purpose the white chilled part of a crushing roll was experimented upon. 
The centre part was open grey iron, and contained 3*1 per cent, of the carbon as 
graphite. 

The white chilled portion contained : — 

Per cent. 


Combined carbon 3*75 

Graphitic carbon Trace 

Manganese 0*65 

Silicon 0*70 

Sulphur 0*10 

Phosphorus 0*23 


It was crushed tb powder and treated exactly in the same way as previously 
described for the separation of carbide. The residue contained by analysis : — 

Per cent. 

Silicon 0*028 

Sulphur 0*016 

a result showing that only a minute quantity of sulphur was crystallised with the 
carbide. Whether a different result would follow if both sulphur and manganese 
were greatly increased has yet to be determined. 

Having proved that sulphur in some imdetermined state of chemical combina- 
tion does crystallise with carbide of iron, an attempt was made to detbrinine the 
maximum amount of that element the carbide will retain under the most favour- 
able conditions. With this object in view a considerable quantity of very pure 
white iron, containing only traces of silicon, sulphur, and phosphorus, and 3*5 per 
cent, of carbon, was melted in a plumbago crucible ; and when in a molten con- 
dition sticks of roll sulphur were forced under the surface of the metal, and 
afterwards the mixture was briskly shaken up with the sulphur which had 
liquefied on the surface. 

Precisely the same result was obtained as described by Karsten, who had made 
a similar experiment. A metal was produced having a white fracture and large 
cleavage faces. The micro-structure was similar to that of hypereutectic iron 
carbon alloys. Large plates of carbide cut the metal in many directions, whilst 
between the carbide plates was located the triple carbide-sulphide-pearlite eutectic, 
so a^cmrately^ described by Mr. Donald Levy. 

The <^bide plates themselves were peculiar in having circular prismatic in- 
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elusions of sulphide of iron symmetrically arranged at right angles to the sides of 
the plates. In horizontal sections of these plates they appeared as circular 
dots, sometimes arranged in continuous lines, suggesting that the sulphide had 
been actually in solution with the carbide -when the metal was liquid, that they 
fell out of solution together, the sulphide separating and segregating along the 
cleavages of the carbide. 

A portion of this sulphurous material was remelted and treated with a second 
quantity of sulphur. This time in addition to sulphide of iron a considerable 
quantity of the soot-like substance described by Karsten floated to the surface, 
and free graphite separated and stuck to the sides of the crucible. 

The analyses of these metals are as follows : — 


Carbon 

Sulphur 

Silicon 


After the first addition 
of Sulphur. 

Per cent. 

. 4-37 
- about 1*00 
. 0-03 


After the second treatment 
with Sulphur. 

Per cent. 

4*39 

1*00 

0-05 


From which we may conclude that the maximum degree to which the carbon can 
be concentrated by this method is about 4*4 per cent. In these trials the carbide 
certainly had sufiicient opportunity to become saturated with sulphur in each case. 
Both of the metals were crushed to exceedingly fine powder, and were treated 
with acid to decompose the free sulphides. The residues were repounded and 
treated with acid a second time, and afterwards with strong potash solution. 
After this treatment, analyses of the insoluble residues indicated, in one case 
0*09 per cent, sulphur, and in the other 0*08 per cent. From this it would appear 
that carbides will not crystallise with '.nore than about 0*1 per cent, of sulphur. 

The metal containing 4*37 per cent, carbon and 1 per cent, sulphur, even on 
prolonged annealing, did not become graphite, a proof that the massive carbides 
present were quite stable. 

The microscope reveals the fact that in almost all commercial white irons 
containing much sulphur the greater part of the sulphur is combined with either 
manganese or iron, and that the sulphides mainly exist as independent inclusions. 
It appears reasonable to assume that the manganese sulphide is without influ- 
ence on the carbon condition, and that, although iron sulphide may have some 
influence, in the way suggested by Mr. Levy on the eutectic, it is the sulphur that 
crystallises with the carbide which is mainly responsible in preventing the 
separation of graphite by making the carbide more stable. 

If it is assumed that the stability of the carbide depends on the quantity of 
sulphur which crystallises with it, and not on the total amount present in the 
metal carrying the carbides, it is clear that a great field of research is now 
open, the borders of which I have barely touched to co-relate their stability 
and sulphur contents. 

The microscope does not show in what constituent the silicon crystallises. 
It is known that in grey irons it is associated with the ferrite and pearlite, 
but grey iron is the ^al result of the decomposition of carbide of iron and 
possibly siHco-carbides, which primarily form during solidification, and although 
the silicon in the decomposed product may be entirely associated with the 
iron it is no proof that initially some of it may not have crystallised with the 
carbides. 

In the white Cleveland iron, previously referred to. it is probable that the 
several constituents are present in the following proportions : — 


Per cent. 

Silico-pearlite, the residue of the original austenite octa- 

hedral crystallites 

, . . 42*50 

Iron carbide in plates 

. 33*66 

Iron, phospho-carbide eutectic . , , . 

. 23-10 

Manganese sulphide 

0*38 

Iron sulphide 

0^36 


100*00 
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When fractionally dissolving the powdered metal in acid, it was the iron 
and associated silicon of the pearlite which passed into solution, and the carbide 
and phosphide which remained insoluble, and as these contained only 0''12 per 
cent, silicon, or about 0*06 per cent, on 100 parts of the original metal, it is 
evident that the pearlite must have contained 1*89— 0*06=1*83 per cent, of the 

silicon, or on 100 parts of it ^ — =4*3 per cent., and that about 97 per cent. 

42*6 

of the total silicon had crystallised with the austenite. 

A little reflection will lead to the conclusion that if the carbon in the Cleve- 
land white iron were to be gradually increased, the proportion of primary 
austenite crystallites would decrease, there would be less and less of them 
to carry the silicon, and this element would be concentrated in the diminishing 
solid austenite. It also follows that if the carbon were to be so increa^d that 
no primary austenite would form, the silicon would have to crystallise in some 
other constituent. 

In the example, referred to above, of the chilled casting, the carbides con- 
tained only 0*028 per cent, silicon, or 0*016 per cent, on the original metal. In this 
case, therefore, about 98 per cent, had crystallised with the primary austenite. 

The question as to what amount of silicon will crystallise with the austenite 
so as to saturate it is probably variable with other variables. To determine 
this by chemical analysis would involve an exceedingly tedious research. 

It is probable that as it increases, and as the austenite approaches more and 
more nearly to the saturation point, a gradually increasing proportion of the 
silicon will crystallise with the carbides. 

It is well known that molten low silicon grey irons, ih the absence of any 
appreciable quantity of sulphur, gives a white fracture when slightly chilled. 
Irons with above five per cent, silicon, when similarly treated, are supposed not 
to behave in the same manner j and this is quite true when any ordinary method 
of chilling is adopted. For instance, when the liquid silicious glazed metal 
No. 1 was run into water, the chilled iron contained graphite; but when a 
large drop was suddenly pressed into a sheet as thin as paper between cold 
plates of iron, the chilled metal was quite white and no graphite could be 
detected on dissolving it in nitric acid. The metal so chilled was diflScult to 
dissolve in acid, and the silica produced, instead of forming a gelatinous bulky 
residue, remained in a close dense condition — indeed the thin chilled sheet, 
after all soluble matter had been removed, remained a rigid sheet of dense 
coherent silica, whereas the same metal allowed to cool slowly from the liquid 
state in a sand mould yielded to acid gelatinous silica. 

The different behaviour to acid treatment of the chilled as contrasted with 
that of the slowly-cooled metal indicates that the condition of the silicon in 
rapidly chilled metal Is different from its condition in the same metal slowly- 
ceoledZ 

In 1896 Mr. T. W. Hogg, of Newburn Steel Works, published an account 
of a very interesting observation, in which he showed the difference in the 
silicon, solubility in different parts of the same pig iron— a portion of which 
was white and a portion grey. The iron referred to contained : — 

White part. Grey part. 

Per cent. Per cent. 

Combined carbon . . . 3*88) 0*98) 

Graphitic carbon . . . 0*451’ ^ 3-68 

Silicon ..... 0-65 0-85 

Manganese .... 1-63 1*60 

He determined the solubility in dilute acid of the silicon in each portion, and 
found that the silicon soluble in hydrochloric acid was, in the grey part = about 
81 per cent, and in the white part = about 48 per cent. 

. Se found also that the silica left on treating the two varieties of metal in 
amd differed in character-— that from the white portion was dense, whilst that 
from the grey metal was much more voluminous. The white metal contained 
the eutectic proportion of carbon, and therefore it could not contain any 
austenite crystallites ; indeed with the silicon 0*60 per cent, also present it must 
^ regarded as a hypereutectic alloy, and on that account we are forced to con- 
etude that ti^ ^icon must have crystalli^d 'vnth th^ carbide. 



[IPlate YIIJ. 


British Association^ SOth RepoH. Shefpeldy 1910 .J 

No. ]. 

Cleveland White Iron. 



White =massive plates of FejC. 
Dark=pearlite, the decomposed austenite. 
White and half- tone = ternary Ee—C— P eutectic. 

No. 2. 

Cleveland Glazed Iron. 



Ground'mass =silico-ferrite. 

White complex =iron — iron phosphide eutectic. 
Straight dark lines —graphite. 

Illustrating the Presidential Address to Section B, 



[Plate IX. 


British Association^ SOth Report, Sheffield, I9l0.] 

No. 3, 

Iron- Carbon-Sulphur AUoy (4*37 per cent. Carbon). 



White thick bands— massive carbide of iron. 

Ch inplex structure = iron — iron-carbide-sulphide-peariite eutectic. 


No. 4. 

Same as No. 2, heat-tinted and more highly magnified. 



Broad bands s=massive carbide of iron with inclusion of sulphide of iron. 
Complex structure =]*ointed eutectic of Fe— BesC— FeS. 

The white specks are all FeS. 




[Plate X, 


British Association, SOtJi Report, Sheffield, 1910 .] 

No. 5. 

Same as No. 4. Section cut parallel to the surface of a massive carbide plate. 



The ground mass is carbide of iron. 
The white dots are sulphide of iron. 


No. 6. 

Glazed OlevelandJIron after melting with a little Sulphide of Iron. 



White crystals =primary carbo-silicide of iron. 
Dark = the second cementite. 

Complex structure = iron-car bon-phosphorus eutectic. 




British Association, ^Qth Report, Sheffield, 1910.] [PLiiTE XI. 

No. 7. 

An Iron-Carbon-Silicon Alloy, free from Phosphorus, made more stable by Sulphur. 



Broken ‘up structure in the centre=the eutectic of two cementites, silico-carbide 

and carbide. 

Half-tone = the carbide cementite. 

Hark area decomposed eutectic. 

Light portion at right lower corner = crystallite of silico-pearlite. 

No. 8. 

Pure Iron-Iron Carbide Eutectic, the cooling of which was arrested before the 
complete decomposition of the Carbides into Austenite and Graphite. 



White=carbide of iron. 


Black lines =graphite. 


Half-tone—pearlite. 
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It has long been known that on dissolving grey ferro-silicon containing even 
six per cent, silicon the silica gelatinises, whereas when the silicon approaches 
10 per cent, much of the silica remains in a dense form. It is almost certain 
that during the solidification of the grey part of Mr. Hogg’s pig iron a rich 
silicon cementite must have primarily formed, for the high carbon would not 
allow the formation of any primary silico-austenite ; when this cementite decom- 
posed the silicide part of it would become diluted with the iron of the decom- 
posed carbide. It was, no doubt, this diluted solid solution in the cold grey 
metal which yielded the gelatinous silica. 

That silicon does diffuse into iron, even at relatively low temperature, was 
proved by Lebeau. He found that free silicon and iron, when heated together 
in vacuo at 960° C., chemically combine, a fact I have fully confirmed, although 
it is impossible to get silicon to combine with iron on heating them together 
in a cementation furnace where oxidising gases have access to the silicon. 

To determine whether silicide of iron would di:^use into and precipitate tho 
graphite in white iron, a sample of crushed white iron free from impurities, 
containing 3‘5 per oeni. of carbon, was mixed with 10 cent, by weight of a 
silicon alloy containing 20 per cent, of silicon (ssFegSi) also in powder. The 
mixture after compression in a short piece of iron tube was heated for two hours 
at 1000° C,, in an atmosphere of hydrogen gas, and was then removed and cooled 
in air. 

For comparison a portion of the crushed white iron was treated in the same 
way. 

The combined carbon in tbe metals before and after heating were as follows : — 


Before, After. 

Per cent. Per cent. 

In white metal alone 3*5 3*44 

„ „ and silicide .... 3*20 0*60 


Not only does , this trial prove that ^dde does diffuse into, carbide of iron and 
precipitate graphite, it has also m impcptant bearing on the, question as to why 
silicon in pig-iron, even in small quan&ies, causes the carbide to be decomposed. 
In the experiments with the chilled part of a casting containing orfy 0‘7 per cent, 
silicon and 3*75 ]f^r cent, carbon it was shown that the carbide contained only 
0*028 per cent, silicon, and that 98 per cent, of the total silicon was concentrated 
in the pearlite ; yet this white iron on heating to 1000° 0. became quite grey. Are 
we not justified in concluding that it was the diffusion of silicide of iron from the 
silico-austenite into the carbides which caused the separation of graphite ? 

As I had proved, first that sulphur crystallises with and makes the carbide 
of iron more stable, and second that in the presence of a fusible mother liquor 
rich in phosphorus, after the austenite crystallisation is complete, ' the carbide 
crystallises out in plates and not as iron carbide eutectic, it appeared 
probable that if, as Grontermann premised, two kinds of cementite actuaHy form 
during the solidification of xron-carHde-silicon alloys, it might be possible to obtain 
them in a separate state by melting the ri^ silicon apoys with a little sulphur. 

In ord^ to test this a portion of the No. 1 ^y ^ss®ed metal was melted, 
and Wh«n fluid a little sulphide of iron was mixed with ft. The mixture was then 
cast in sand. Owing to the rapidity of the melting some of the graphite escaped 
and floated on the surface of the metal. 

When cold it was found that the lower part of the small casting gave a white 
fractured surface, whilst the upper part was close grey. 

The analyses were as follows : — 


Combined carbon 
Graphite 


Silicon 
Sulphur 
Phosphorus 

1910 , 


White part. 
Per cent. 

. 2*06 
. Trace 
. 0*03 
. 5*41 
. 0*88 
. 1*50 


Grey part. 
Per cent. 
0*60 
1*46 
0*03 
6*40 
0-91 
1*50 



558 


TRANSACTIONS OF SECTION B. 


The grey part, although slowly attacked by cold acid, did dissolve, yielding 
much voluminous silica. The white part was almost inert and only dissolved in 
strong hydrochloric acid with difficulty, and when the iron was dissolved out the 
remaining silica was of the dense variety, from which it would appear that the 
effect of the sulphide is akm to that of sudden quenching. 

It was the micro-structure of the white portion, however, which was of unique 
interest. On * heat-tinting ’ two kinds of hard crystals appeared, one more readily 
coloured by heating than the other. The more resistant crystals were idiomorphic, 
and were furnished with their terminal angles, but as they^ were embedded in the 
surrounding metal it was impossible to form any exact idea of the crystalline 
system to which they belong. 

The second order of crystals had evidently solidified at a later period, as their 
forms were interfered with by those of the idiomorphic type ; they were much like 
ordinary plates of carbide of iron. The ground mass contained indications of 
octahedral on fir-tree crystallites and a well-developed phosphorus iron eutectic of 
the honeycomb type. This eutectic was the last to freeze, as it filled the spaces 
between the plates of the hard crystals. There was no pearlite excepting in ‘the 
eutectic of phosphorus and iron. We can only tentatively conclude that of the 
two cementites the idiomorphic crystals contained the greater part of the silicon 
because of their greater resistance to oxidation and probably consisted of carbo- 
silicide of iron, with sufficient sulphur in them to make them stable; also that 
the second crystals were carbide of iron, possibly containing a lesser quantity or 
no silicide in solid solution. 

A further series of experiments was made on a portion of the same metal. In 
this case the molten iron was mixed and agitated with free sulphur instead of 
sulphide of iron, and the metal was at once poured into a sand mould in a thin 
layer. When cold it was quite white in fracture and had large brilliant cleavage 
faces. 

It had the following composition : — 

Per cent. 


Combined carbon 2*60 

Manganese Trace 

Silicon 6*65 

Sulphur 0*93 

Phosphorus 2*08 


The sulphur had evidently effected concentration of the silicon phosphorus and 
carbon by removing some of the iron, as sulphide of iron was actually formed and 
floated on the surface of the iron. It was fractionally dissolved as described in 
previous cases, and the residue (72 pet cent, of the weight of the original metal) 
was tested and found to contain ; — 


Per cent. 

Carbon 2*92 

Manganese . * . Trace 

Silicon 6*70 

Sulphur . ........ 0*062 

Phosphorus 1*410 


This insoluble fraction evidently consisted of both classes of crystals, together 
with some phosphide of iron. Efforts were made to separate the crystals by 
chemical means, but without success. 

On the long and continued action of strong hydrochloric acid a residue was 
obtained containing a little le.ss carbon and more silicon than were present in the 
mixture, an indication that the lees soluble portion is different from that more 
soluble. 

The micro-structure was similar to that of the metals of the previous trial, 
but as the carbon and silicon were higher the carbo-silicide was in greater 
quantity. It crystallised in long flat plates and not in relatively short idiomorphic 
crystals. 

It is probable exception may be taken, with some justification, that the 
sulphur does not simply arrest the decomposition of the cementites, which I have 
premised primarily form, but may act in some other unknown way. An attempt 
was therefore made to out whether they could he obtained by some other 
method without the aid of sulphur. As it is known that the ternary eutectic 
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of iron, phosphorus, and carbon melts at about 945° C., it appeared probable 
that if silicon in small quantity were to be melted with an iron-carbon-phosphorus 
alloy very rich in phosphorus the two kinds of cementites would fail out of 
solution at a lower temperature, and would probably not decompose into graphite 
and silico-austenite in cooling down after their formation. To ascertain whether 
or not this would be the case, a fusible iron-phosphorus-carbon alloy containing 
more than the eutectic proportion of carbon was made. It had the following 
composition : — 

Per cent. 


Iron 91*89 

Phosphorus 5*37 

Carbon . 2*62 

Silicon, &c 0*10 

Sulphur 0*02 


100*00 

Four hundred grams were melted with sufficient silicon alloy to yield in the 
mixture : — 

Per cent. 


Carbon 2*4 

Phosphorus 5*0 

Silicon 2*90 

Sulphur 0*02 


When melted a portion of it was cast in a sand mould, the remainder was 
allowed to cool in the crucible. 

When cold, that cooled in the crucible was quite grey, whilst the portion cooled 
in sand was white at the lower part and grey on the top part of the casting, 
results which proved that the alloy was very unstable and that decomposition of 
the lower part of the casting was arrested by the slight chilling effect of the 
cold sand. 

On microscopic examination of the white portion the ground mass was found 
to consist of the binary phosphorus iron eutectic, whilst two different cementites 
were embedded in it, one much more rapidly coloured on ‘ heat-tinting ’ than the 
other. The colours of the constituents of the properly heated and pofished metal 


were as follows : — 

Cementite (a) White 

„ (6) Bed 

Phosphide of iron Purple 

Iron pearlite crystallites Grey 


The part which broke with a grey fracture consisted of octahedral crystallites 
of silico-pearlite, the binary phosphorus iron eutectic, and undecomposed (red) 
cementite crystals, but there was a complete absence of the (white) cementite 
crystals. Graphite was also present in exceedingly fine plates, resembling what 
is known as temper graphite. 

The evidence here is conclusive that even in the absence of sulphur : — 

(1) Two cementites had formed. 

(2) That one cementite is much more unstable than the other variety, 
and decomposes in advance into silico-austenite and graphite. 

Having proved that two different kinds of cementite do actually form and 
crystallise in the phosphorus eutectic it remained to ascertain in what way these 
crystallise in the absence of the phosphorus eutectic. 

For this purpose two hypo-eutectic alloys were prepared without any phos- 
phorus, but with sufficient sulphide of iron to check the decomposition of the 


carbides. 

They contained ; — 

(1) (2) 
Per cent. Per cent. 

Carbon 2*40 2*10 

Silicon 3*17 7*10 

Sulphur ........ 1*21 0*82 

Phosphorus 0*02 0*02 


These when cold after casting in sand broke with white fractures. 


o o 2 
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The carbides separated in the manner previously described contained :• 


(1) (2) 

Per cent. Per cent. 

Carbon 6T6 3*00 

Sulphur ' . . 0-09 0*08 

Silicon 0*97 7*93 


Percentage of carbides insoluble in acid . 27*5 50*00 


The repeated acid treatment in this, as in aU previous cases, no doubt dissolved 
a portion of the carbides, and what was actually weighed represented only a part 
of those actually present in the alloys. 

In No. 2 alloy, after polishing and ‘heat-tinting,’ the microscope proved the 
presence of a few fir-tree crystallites embedded in a ground mass of cementite and 
a eutectic containing the two kinds of cementite, the No. 1 specimen containing a 
much smaller proportion of the cementite rich in silicon than No. 2. 

As the metals had been somewhat rapidly cooled the alloy No. 2 was remelted, 
and was then allowed to cool in the crucible, so as to obtain a more coarsely 
crystallised eutectic. When cold, on polishing and ‘ heat-tinting,* the eutectic 
was clearly seen. There were the remains of large primary silico-austenite 
crystallites, plates of the red-coloured cementite, and a well-developed eutectic 
consisting of the (red) coloured and (white) cementites. 

The cooling having been slow, this compound constituent had suffered partial 
decomposition in isolated patches into graphite and silico- ferrite, whilst the 
cementite coloured red remained intact. 

There can be little doubt that the residue left insoluble in acid consisted of the 
two cementites, but in what proportion it is impossible to tell, as a method for 
isolating them has yet to be found. 

Had the alloy contained a greater proportion of carbon the amount of cementite 
rich in silicon would have been in much greater proportion. 

The trials, incomplete and necessarily imperfect as they are, go far to prove, 
just as Gontermann premised, that during the solidification of high silicon pig- 
irons two cementites fall out of solution together as a eutectic mixture. 

They also have proved that the carbo-silicides are exceedingly unstable, 
breaking up into silico-austenite almost as soon as formed. It is the. instahility 
of thsss silico-carhides which is mairdy responsible for the graphitic character 
of grey irons rich in silicon and low in sulphur. 


Summary and Conclusions. 

1. The experimental rcvsults advanced show proof that carbide of iron in 
presence of iron sulphide crystallises with a minute quantity of sulphur not 
exceeding about one-thousandth part of the weight of the carbide, but the 
nature of the iron-carbon-sulphur compound has not yet been determined. 

2. It seems almost, if not absolutely, certain that it is the sulphur crystallised 
with the carbide which makes the latter stable. 

3. The evidence appears to support the view, long held by some and more 
recently accepted by others, that during the freezing of iron-carbon-hypo-eutectic 
alloys after the crystallisation of the primary austenite, and in the eutectic 
and hypereutectic alloys, it is the carbide and not graphite which primarily 
forms and that the carbide afterwards decomposes into graphite and austenite. 

4. It has been proved by chemical methods that when the hypo-eutectic alloys, 
low in silicon, freeze, nearly all the silicon crystallises out with the primary 
austenite ; and it follows that on gradually increasing the carbon so as to reduce 
th^e^ quantity of primary austenite, the silicon remaining constant, the austenite 
which does form must be as gradually enriched in silicon up to saturation-point ; 
and, when that point is reached, the excess silicon crystallises out with a portion 
of the carbide of iron to form carbo-silicide of iron. Other elements remaining 
constant, the same result must follow on gradually increasing the silicon. 

5. In the alloys of eutectic proportion and in the hypereutectic alloys, as no 
primary austenite can form, the silicon crystallises primarily with the carbide. 

6. In Cleveland pig-iron containing about 1*5 per cent, phosphorus, a ternary 
eutectic of, iron-carbon-pKosphorus takes the place of the iron-iron-carbide eutectic. 
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In white irons containing 3 per cent, carbon and under 2 per cent, silicon, after 
the primary austenite has fallen out of solution carrying practically all the 
silicon, it is not iron-iron-carbide entectic which forms, but independent plates 
of cementite, or carbide of iron, and after these have crystallised and the 
residual mother liquor has arrived at the composition of the ternary iron-carbon- 
phosphorus eutectic, the latter solidifies at 945® C. 

7. In Cleveland irons which become grey on cooling, and in which there is no 
primary austenite, the same iron-carbon-phosphorus eutectic is the only eutectic 
to form during cooling, and, instead of a ternary iron-carbon-silicon eutectic, 
two independent cementites crystallise — one a silico-carbide, and the other 
carbide of iron possibly containing a little silicide in solid solution. The micro- 
examination of the cold alloys, to which a little sulphur had previously been 
added when the metals were melted, led to the conclusion that it is the carbo- 
silico-cementite which primarily crystallises. 

8. There is evidence that the primary carbo-silicides are exceedingly unstable 
and are the first to decompose into graphite and silico-austenite. 

9. In the absence of amy sensible quantity of phosphorus, two cementites form 
— one the silico-carbide cementite, the other the carbide cementite — and these 
crystallise together as a eutectic mixture. 

10. The exact composition of the two cementites has not yet been determined, 
as no chemical method has been found for their isolation. 

11. It is evident that it is the exceedingly unstable character of the silico- 
carbides which is responsible for the greyness of commercial metals rich iii 
silicon and low in sulphur. 

12. Silicide of iron when heated at 1000’® C. with pure white iron free from 
silicon effects the decomposition of the carbide of the white iron. Based on this 
observation the hypothesis seems justifiable, in cases where all the silicon present 
in hypo-eutectic alloys crystallises out with the primary austenite, that after the 
carbide has solidified, diffusion of the silicide follows, and this leads to the 
decomposition of the carbide of iron into graphite and iron. 

13. Many of the results arrived at by chemical analysis support the hypo- 
thetical conclusions of Gontermann, who depended mainly on data obtained by 
thermal methods of treatment. 

In conclusion, it will be clear from what I have stated that there are many 
gaps yet to be ^led. I hope that the knowledge of this fact will lead others 
to follow up the research, which, in its present stage, is far from complete. 

Note. — The terms carbide cementite and silico cementite are used tentatively. 
Strictly, there is only one cementite and that is FjjC. 


FRIDAY, SEM EMBER 2. 

Joint Meeting with Section A, 
Discmsion on Oomiustion . — See Reports, p. 501. 


MONDAY, SEPTEMBER 5. 

Joint Discussion uyith Sections I and K on the Biochemistry of 
Respiration . — See p, 762. 


The following Paper was then read : — 

On the Influence of the Pressure, Humidity, and Temperature of the Atmo^ 
sphere on the rate of Metaholism in Animals. By Wm. Thomson. 

• Briefly stated, a rise in the barometric pressure or a rise in the humidity of 
the atmosphere produces a lowering in the percentage of CO^ in the exhaled air, 
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whilst a fall in the pressure or a fall in the degree of humidity produces an 
increase in the percentage of the OOa in the exhaled air. 

Different individuals exhale air" having different ranges as regards the per- 
centage of CO2. Thus one man, W. W. (38), breathing Manchester air under 
normal conditions gave between 3*7 and 4*3 per cent. CO3 ; N. T. F. (21) from 
3*6 to 4*3; I. W. (22) 5*4 to 6*2; and B. S. (a boy of 14), from 4*2 to 5*3. 

Experiments were also made with guinea pigs and with mice. These were put 
under a bell-jar, fresh air being led in at the top and withdrawn from the 
bottom, the air being passed finally through a delicate gas-meter by means of a 
water vacuum pump. The air passed through a litre bottle before and after 
leaving the bell- jar. The COo were determined in each by baryta water (standard 
solution). Grenerally speaking the same rises and falls in the grammes of CO3 
per kilo, weight of animal were obtained from them as from ourselves when they 
were under similar atmospheric conditions. The higher the temperature of the 
air the lower the percentage of CO3 in the exhaled air, and vice, versd. 


Joint Discussion with Section L on the Neglect of Science by Industry 
and Co7nmerceJ — Opetied by E. Blair. 


TUESDAY, SEPTEMBER 6. 

First Division. 

The following Papers and Eeport were read : — 

1, On a Fourth Recalescence in Steel By Professor J. 0. Arnold. 


2. Allotropy or Transmutation? By Prof essor Henry M. Howe, LDD. 

If after defining * elements ’ as substances hitherto indivisible, and different 
elements as those which differ in any one property, and after asserting 
that the elements cannot be transmuted into each other, we are confronted with 
the change from diamond into lampblack, and with the facts, first, that each is 
clearly indivisible hitherto and hence an element, and, second, that they differ in 
every property, we try to escape in a circle by saying that they are not different 
elements because they do change into each other. In short, we limit the name 
‘element’ to indivisible substances which cannot be transmuted into each other, 
and we de&ie those which do transmute as vpso facto one element, and then we 
say that the elements cannot be transmuted. Is not this very like saying that, 
if you call a calf’s tail a leg, then a calf has five legs ? And if it is just to reply 
that calling a tail a leg does not make it a leg, is it not equally just to reply 
that calling two transmutable elements one element does not make them so ? 

Is the fact that two such transmutable elements yield but a single line of 
derivatives really proof that they are one element? Is not this rather proof of 
the readiness, indeed irresistibleness, of their transmutation? Does not this 
simply mean that the derivativeless element, whenever it enters into combination, 
solution, or the gaseous state, inevitably transmutes into the one which has 
derivatives? Does not the theory that a given change is allotropy rather than 
transmutation need further and more conclusive evidence before it can be taken as 
proved ? 

We have become so accustomed to the present point of view that it seems to 
us second nature; but, if we look frankly at it, is it a tenable or philosophical 
point of view ? 

This question is not without a practical application. If, instead of saying 
* The elements cannot be transmuted into each other,’ we were to say ‘ Hitherto 
no elements have been transmuted into each other except those which transmute 
so readily that the derivatives of only one of them have been recognised,’ we 
should take a point of view from which the tran^utation of, say, copper into 
litidum ceases to be so improbable antecedently as to call for extraordinarily 
conclusive evidence. 


' See The School WoM, October 1910. 
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3. The Closing and Welding of Blowholes in Steel Ingots. 

By Professor Heney M. Howe, LL.D. 

In the solidification of molten or liquid substances, especially these of high 
melting-point, two classes of cavities are likely to foiin : gas*^ bubbles called 
* blowholes,* and a central contraction cavity called a ‘ pipe.* 

^ The blowholes represent {a) the progressive concentration in the molten or 
liquid mother mass of the gases initially present, a concentration carried on to 
supersaturation, and to the liberation of part of this gas from the supersaturated 
layers ; and perhaps (b) in some cases, such as that of the solidification of steel 
ingots, the formation of a gas from chemical reaction brought about by fall of 
temperature or by passage from the liquid to the solid state. In the case of steel 
ingots there are indications that carbonic oxide is thus formed during solidification 
by the union of carbon and oxygen present side by side in the molten metal. 

The ^ formation of the central ‘ pipe ’ is due to the cooling, and hence 
contraction of the different layers of the mass seoliotachically, i.e., at different 
rates inter se. In the first stages of solidification the very outside of the mass, 
especially if it is cast in a cold iron mould, cools much faster than the still 
deeper seated layers. The early excess of contraction of the skin, caused by this 
excess^ of cooling, is resisted by the lagging interior, with the result that the 
skin^ is virtually stretched beyond its normal dimensions, so that when 
solidification is complete the interior, which in the latter part of the cooling 
has to cool through a greater range of temperature and hence has to contract more 
than the skin, no longer suflS.ces to fill that skin completely, and this deficit 
of volnme of the interior is represented by a central cavity overlying the region 
in which the last of the solidification occurs. This same excess of contraction of 
the earth*s crust in its early stages should later throw that crust into great 
compression, which may be an important element in volcanic and earthquake 
phenomena. 

Blowholes themselves tend in effect to expand the volume of the interior as 

whole without changing the volume enclosed by the skin — /.c., the outer 
dimensions and thus to lessen the deficit or pipe. 

In case of steel ingots this pipe may reach very deep into the axis, and, 
because^ it is hard to work up, may compel us to disregard as much as one-third 
of the ingot in order to get soimd unpiped metal. To avoid this some makers 
of steel of a composition favourable to welding have purposely allowed blowholes 
to form rather abundantly, so as to prevent the formation of a pipe, and, relying 
on the ease with which such steel welds, have tried to get flawless metal by 
welding these blowholes up in the process of rolling the ingot out into its final 
form, such as that of a boiler plate. 

This procedure is of great economic importance, in that it enables the steel- 
maker to avoid the serious discarding which would be necessary in case his 
ingots were free from blowholes and hence deeply piped. But many intelligent 
metallurgists have condemned this prax:tice on the ground that the closing of 
blowholes is impossible, Because the gas which they contain must remain ever 
present during the rolling, though of course somewhat compressed. 

In some late investigations I have carried out two lines of inquiry as to 
whether the gas of the Blowholes is qualitatively absorbable and whether the 
sides of the blowholes themselves are qualitatively weldable under the conditions 
of actual manufacture. Both lines proceed by comparing the metal in slabs cut 
from the original ingot without rolling, with metal cut from a boiler plate into 
which that same ingot was rolled, and cut in such a way as to separate and 
distin^ish those parts of the metal in the plate which had originally been porous 
when in the ingot from those which had originally been compact. 

The first line showed that the enormous differences in density which existed 
between the porous and the compact parts of the ingot were practically completely 
obliterated in rolling the metal down into a boiler plate. In one case the initial 
difference of 16 per cent, in density was completely removed; in the other the 
initial difference of 10 per cent, in density was reduced to one-fiftieth its original 
quantity. 

This tended strongly to confirm the strong antecedent probability that the 
blowhole gases could be reabsorbed during the rolling process, thanks to its 
high temperature and pressure. 
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The second line of inquiry disclosed what traces of blowholes remained in 
the boiler plate by cutting very thin slices lengthwise and crosswise from that 
plate, mirror-polishing them, and then bending them double in such a way that 
any blowhole traces present ought to gape open like the cards of a bent pack. 
Had there been no welding of blowholes this bending should have disclosed 
unwelded eeams about 3.5 inches long and 1.3 inch wide. In point of fact 
the traces detected were so short as to indicate strongly that a very great degree 
of welding had occurred. It had seemed to me extremely probable, antecedently, 
that such welding ought to occur; but here some very competent writers had 
differed from me. The longest single trace was 0*7 inch long. Only one 
important * string ’ of such traces was found and this was only 0-3 inch long. 
Further the scantiness of these relics of blowholes tends to show that the blowhole 
gases have been reabsorbed by the metal to a very great degree. I suggest that 
such relics of blowholes as have persisted represent in most cases spots where 
the reabsorption of the gas has become complete after the temperature has fallen 
too low to permit welding. I therefore suggest prolonging the exposure to a 
temperature above the welding-point, so as to complete the reabsorption of gas 
while the metal is still weldable. 

The reabsorption of the blowhole gases and the welding of the blowholes 
ought to be promoted rather by the practice of * reheating ’ than by that of 
* direct rolling.* In the former the ingot is rolled part way towards its final shape, 
and the retsultant ‘bloom’ is then reheated before further rolling; in the latter 
the ingot is rolled to its final shape, such as a rail or a boiler plate, at a single 
heat. During the early part of the rolling the metal surrounding each blowhole 
should become strongly charged vrith gas reabsorbed from that blowhole because 
of the enormous pressure caused by roiling. To reheat the bloom exposes it for 
a long time to a high temperature in the heating furnace, during which time the 
gas dissolved in the metal immediately’ around the blowhole has an opportunity 
to difiuse away, leaving that metal free to absorb a new lot of gas from the 
blowhole. And further, the high temperature of the rolling immediately after this 
reheating facilitates both the further absorption and outward diffusion of whatever 
gas remains in the blowholes and the welding up of their sides. 


4. The Provident Use of Goal. By Professor H. E. Armstrono, F.R.S^ 


5. The Influence of Ohemical Composition and Thermal Treatment on 
Properties of Steel. By Professor A. McWilliam, A.R.S.M., M.MeU 

Sheffield is pre-eminently the home of the manufacture of special steels, 
and she attains her ends by strict attention to ultimate chemical composition, 
by insuring the presence of the most desirable amounts of beneficial substances, 
and the practicable minimum of deleterious contents, be they the well-understood, 
such as sulphur and phosphorus, or the more or less mysterious, such as oxygen ; 
and also to those thermal changes called heat treatment, that are produced, 
sometimes slowly, as in annealing, sometimes suddenly, as in quenching, and 
that vary the chemical composition or the physical nature of the several con- 
stituents, and the mechanical and other properties of their aggregate, the finished 
steel. Carbon is the chief of the elements that are varied to obtain the different 
properties required in steels, and typical examples were given of the change in 
properties produced by the gradual increase in the content of carbon, which, 
at least in normal steels, is present as caxbide of iron (Eefi). Other elements 
are added to vary the proj^rties of the steel, probably mainly by their influence 
on the nature, the composition, or the distribution of the carbide in the steel. 
The properties of a series of steels with varying carbon contents, but containing 
in addition about one per cent, manganese, were shown, and a similar series con- 
taining two per cent, chromium, all from results quite recently obtained by the 
author and Mr. E. J. Barnes. Examples of steels of similar carbon contents 
containing (1) no special element, (2) one per cent, manganese, (3) two per cent, 
chromium, (4) vanadium ^d ehiomium, (5) nickel and chromium, were tabulated 
ik> show the comparative influence of these various additions. 

The effects of such heat treatments as long annealing and quenching, followed 
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by tempering at different temperatures, on selected examples of the above special 
steels were explained, and finally comparative tables with carbon contents and 
heat treatments as nearly alike as could be selected, and varying only in the 
special element added, to show the very considerable and abiding influence of 
the fundamental chemical composition. Photo-micrographs of the more interest- 
ing types were also exhibited and described. 


6. Ferro-Silicon ; with special reference to Possible Danger arising from its 
Transport and Storage. By Dr. S. M. Copeman, F.R.S. 

The possibility of danger to life from the transport of ferro-silicon (an alloy 
or eutectic mixture of iron and silicon employed in the manufacture of steel) 
had already received official attention in this country through a ‘ Notice to 
Shipowners, Shipmasters, and Shippers ’ issued by the Board of Trade in Sep- 
tember 1907, but the magnitude of the risks involved in the treatment of this 
material, and the need for more stringent regulations, was strikingly demonstrated 
by the death of five Russian immigrants on board the s.s. ‘ Ashton * in December 
1908, during this ship’s voyage from Antwerp to Grimsby. Inquiries made on 
behalf of the Local Government Board into this occurrence brought to light a 
number of previous accidents in connection with the transport of ferro-silicon, 
and after conference with the Home Office and the Board of Trade the full 
investigation of the subject was entrusted to Dr. Copeman, with whom sub- 
sequently Mr. S. R. Bennett, one of H.M. Inspectors of Factories, and Dr. 
Wilson Hake, Lecturer on Chemistry at Westminster Hospital, collaborated. 

Among the accidents known to have occurred from the handling or transport 
of ferro-silicon may be mentioned the explosion of consignments enclosed in iron 
drums, the ferro-silicon in which contained about 64 or 55 per cent, of silicon. 
But more important and much more frequent than these are the well-authenti- 
cated cases of sudden illness and death caused by the gases evolved from certain 
cargoes of ferro-silicon, fpdl details of which are set out in an official report 
recently presented to both 'Houses of Parliament. 

Low-grade ferro-silicon — i.e,, an alloy containing not more than 15 per cent, 
of silicon — ^is made in blast furnaces to a considerable extent in this , country ; 
but the high-grade variety, containing from 25 to 95 per cent, of silicon, can 
only be produced at the lugh temperatures attainable in the electric furnace. 
The latter variety is imported from certain districts in France, and, to a less 
extent, from Austria, Scandinavia, &c., where ample electrical energy is deriv- 
able at a low cost from water power. About 4,(X)U tons of this material are said, 
to be imported annually into England, and, as serious inconvenience to steel 
manufacturers is being caused by the refusal of shipping firms to caiTy it, there 
is great need for regulations permitting its transport under defined conditions 
which will obviate accident. 

The electrically produced or high-grade ferro-silicon has in recent years 
displaced in large measure the blast-furnace variety in the manufacture of the 
better qualities of steel, and as an outcome of this change the dangers of noxious 
fumes from the high-grade variety have gradually been realised. Manufacturers 
and chemists, in the light of their special experience, have come to the con- 
clusion that it is solely or chiefly the 60 per cent, variety of the high-grade 
material which is thus dangerous. But that the matter is in reality considerably 
more complicated is indicated by the results of Dr. Hake’s chemical researches. 
It should, however, be added that some of the firms concerned have recognised ' 
the importance of porosity and liability to disintegrate as factors in the ready 
evolution of poisonous fumes, and the French Commission draw attention, in 
their report, to the safety of compact alloys. It is evident, however, that at 
present, unless and until sharp lines can be drawn between the different amounts 
of gas evolved from different samples of ferro-silicon xmder similar circum- 
stances, it is impracticable with certainty to distinguish, among any of the 
higher percentage varieties of ferro-silicon, between safety and danger. Never- 
theless the recommendations suggested by the writer, and now officially adopted 
by the Board of Trade, will probably prevent the occurrence of future accidents 
in the transport of ferro-silicon. They comprise the need for ascertaining that 
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the ferro-silicon has been broken into pieces of the size in which it is usually- 
sold some time before being taken on board ship ; the marking in bold letters 
of the certified percentage grade of each consignment on the barrel or other 
receptacle, and the date of manufacture ; the prohibition of conveyance of ferro- 
silicon on passenger vessels; and the adoption of certain precautions during 
transport in cargo boats. 


7. The Corrosion of Iron and Steel, By J. Newton Fkiend. 

During the last few years the consumption of iron for structural purposes has 
largely increased. New steel bridges are being constantly erected, and reinforced 
concrete is now meeting with an ever-increasing demand. Unfortunately, how- 
ever, iron is very liable to decay through corrosion, and the loss entailed thereby 
is enormous; for not only must our new structures be built more solidly than 
would otherwise be necessary, but many of our old structures have to be rebuilt 
with fresh metal, which is both costly and wasteful. 

The importance of understanding the underlying causes of corrosion can 
therefore be scarcely exaggerated. Two rival theories have been suggested. 
The one, known as the electrolytic theory, assumes that pure oxygen (or air) 
and pure liquid water alone are necessary to effect the rusting of pure iron. 
According to the acid theory, however, such is not the case, the presence of at 
least traces of an acid, either free or combined with a base, being essential to 
corrosion. 

Hitherto no investigator has succeeded in devising an apparatus, absolutely 
free from objection, by means of which a decision could be arrived at between 
these two rival theories. The author, however, described a simple form of 
apparatus by means of which the correctness of the acid theory is established. 
[A diagram of the apparatus is given in the Proceedings of the Chemical Society, 
June 16, 1910.] 

A small steel cylinder is closed at one end, the open end being plugged with 
an indiarubber bung, through which two glass tubes pass in such a manner that 
cold water can be circulated through them, and thus keep the steel cylinder cool. 
The whole is now suspended in a flask and securely fixed in position by an 
indiarubber bung, which closes the mouth of the flask. This latter contains 
about 100 c.c. (i.e., 3 oz.) of strong caustic potash solution, and the pressure of 
the air inside is reduced to about half an atmosphere. On placing the flask in a 
water-bath at 100“ C. some pure water distils from the potash solution in a 
constant stream on the steel cylinder, and drips off, thus washing it entirely free 
from alkali. After a few hours we thus have pure air, pure water, and steel 
in contact, but no rusting occurs. 

If the alkali is replaced by water, however, rusting occurs with great vigour 
in a very short time, owing to the presence of traces of carbon dioxide and other 
acid vapours normally occurring in distilled water and the atmosphere of a 
laboratory. 


8, The Influence of Heat Treatment on the Corrosion^ Solubility, and Solu- 
tion Pressures of Steel. By Cybil Chappell and Prank Hodson. 

The authors decided to conduct a research on the above lines, as no previous 
work has dealt with the influence of heat treatment on the corrodibility of steel 
in a solution like sea-water. They also -wished to obtain some definite data as to 
■whether the solubility of steel in dilute sulphuric acid is a correct measure of 
its liability to corrosion in sea-water, 

Tbe steels used were commercial Bessemer s-teels of ascending carbon per- 
centage (supplied by Professor McWiUiam), and standard pieces were subjected 
to the following typical heat treatments : hardening, normalising, rolling, and 
annealing. ® 

Two types of test were carried out : — 

^ (a) Simple Corrosion. — The loss in weight was determined after immersion 

in sea-water, out of contact with any other metal, for 28, 66, and 112 days 
respectively. ^ 

(&) Galvanic Corrosion. — ^This was tested in sea-water in galvanic connection 
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with Swedish bar iron. The E.M.F. between the two metals was accurately 
determined by a galvanometer. This test is really, therefore, a modified solution 
pressure-test, and was employed by Andrews in his standard researches on 
corrosion. 

The simple corrosion results show that an annealed steel is least liable to 
corrosion and hardened steels most liable. A general increase in corrodibility is 
noticed with an increase of carbon percentage in steel. 

The galvanic corrosion results show that when a steel is in contact with pure 
iron the corrodibility (as indicated by strength and direction of current) is in 
the following increasing order : Hardened, rolled, normalised, annealed. 

Solubility tests were determined in one and two per cent, sulphuric acid for 
72 hours, each strength of acid giving similar types of curve. 

These results show to a marked degree the influence of both heat treatment 
and composition. The relative position of the curves are, however, in exactly 
the reverse order from that found in the case of simple corrosion w^hich would 
not be the case if solubility in acid were merely an accelerated corrosion test. 
The special feature of the solubility curves is the point at 45 per cent, carbon 
(which is also slightly marked in the corrodibility curves), and which has been 
previously noted by Slessrs. Heyn and Bauer. 

The solution pressure of each steel was separately determined in each of the 
three following solutions : Sea- water, one per cent, sulphuric acid, and slightly 
acidulated N/ 10 ferrous sulphate solution. The influence of heat treatment is in 
each case very marked, the effect produced being practically the same in every 
case, the annealed and rolled steels having the highest solution pressures, the 
normalised intermediate, and the hardened steels the lowest values. 

A comparison of the corrodibility and solubility curves indicates, in the first 
place, that the solubility results cannot be accepted as indicative of the relative 
corrodibilities of the steels in such solutions as sea-water, whereas, for example, 
an annealed steel is much more soluble in dilute sulphuric acid than the same 
steel in the hardened condition j yet, when subjected to a simple corrosion test 
in sea-water the hardened steel is found, on the contrary, to corrode much more 
than the annealed steel. So that although a dilate acid test is of value for 
certain purposes, yet these results show it to be unreliable as a guide to the 
corrodibility of steel in such solutions as sea-water. 

The general influence of heat treatment on the various properties examined 
is found to be the same in the case of solubility, solution pressure (in all three 
solutions), and the galvanic corrosion results. In the simple corrosion results, 
however, treatment exerts practically the opposite effect to that found in above- 
mentioned tests. 

The results obtained suggest the probability that the solution pressure is the 
governing factor in the solubility of steel in dilute sulphuric acid, its influence 
being modified by auto-electrolytic actions due to conetituents and stresses (set 
up by treatment) in the steel. Consideration of simple corrosion results suggests 
th^Pt the solution pressure only plays a secondary part in corrosion, the principal 
factor being the auto-electrol^ic action in the steel itself. 

Marked breaks in the continuity of the curves appear in every case at about 
0*3 per cent, and 0*75 per cent, carbon ; the latter break suggests the likelihood 
of another peak having its maximum at the saturation point of the steel. We 
cannot at present account for the break at 0*3 per cent, carbon, but further 
work is intended on the influence of carbon and other elements on corrosion, 
which we anticipate will elucidate this matter. 

Although heat treatment exerts considerable influence on corrosion, it 
cannot be expected to make up. for the defects due to segregation or inferior 
material. 


9 . The OrystaUine Structure of Iron at High Temperatures. 

By Walter Rosenhain, B.A., D:Sc. 

The immediate object of the experiments was to study the mode of deforma- 
tion of iron and steel under stresses applied to the metal at high temperatures. 
The principal questions to be decided were, whether at high temperatures the 
mode of deformation was still of a strictly crystalline character, such as that 
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which has been observed at ordinary temperatures, and whether the allotropic 
transformations of iron affect its behaviour under stoin. The method of Ewing 
and Rosenhain for observing the effects of strain on metals consists in preparing 
a properly polished surface on a specimen of suitable shape, ^ and subsequently 
exposing the specimen to plastic deformation, the changes in the microscopic 
features of the surface being studied during, and more especially after, the 
application of the strain. In order to apply this method to hot metal it was 
necessary to devise means for heating the specimens in such a manner that even 
at temperatures well above 1000° 0. the original :polished surface would remain 
free from oxidation. The method adopted was that of heating the specimen elec- 
trically in a very high vacuum, and in this way specimens could be heated up to 
1100° C. without injury to the surfaces. For the purpose of applying the desired 
strain to the specimen while heated in vacuo^ an apparatus was devised whereby 
a compressed spring could be released at any desmed moment by electrically fusing 
a wire which had kept the spring compressed; by means of a suitably arranged 
lever the release of this spring was caused to strain the specimen to any desired 
extent, while th^ operation could take place when the specimen had attained any 
desired temperature. The actual temperature of the specimen was determined 
by attaching to the rear or unpolished side minute particles of various salts of 
known fusion points and observing which of them had melted. The specimens 
used in this apparatus were thin, short strips of sheet- metal, and as these were 
heated by a direct electric current passing tlxrough them, the ends of the speci- 
men remained a goom deal colder than the middle, owing to the conduction of 
heat from these ends into the comparatively massive frame of the apparatus. In 
this way strain was applied to a strip of metal varying continuously in tempera- 
ture from the middle towards each end. 

The material used for the earlier experiments was a pure variety of very mild 
steel such as that employed for transformer-sheets, but this had been annealed in 
hydrogen in order to remove all traces of oxide. Subsequently other materials — 
all of them approximating in composition to pure iron — were employed, notably 
some specially prepared electrolytic iron of a very high degree of purity. The 
photo-micrographs accompanying the paper showed that the behaviour of these 
different materials was closely similar. 

Before describing the effects of strain, the effects of simple heating in vacuo 
must be considered, since this alone produces changes in the surface appear- 
ance. .Those portions heated up to the ACg point (770° C. in one of the materials 
used) show no changes ; those portions which had attained a temperature between 
Acj and Ac^ {94!l° 0. in one of the materials) show a double system of boundaries 
due to the volume-change which iron undergoes on passing through the change 
from the a to the state. Those parts of the specimen which had been heated 
above Acj showed, particularly in cases where the vacuum had not been as high 
as possible, a slight amount of tinting due to oxidation, and this revealed a third 
structure superposed on the ^ structure just mentioned and (in the case of etched 
specimens) on the original'a structure. This last, which is the structure of y iron, 
shows the characteristic twinned structure of this material. 

The effects of strain indicated the three regions of temperature corresponding 
to the three allotropic forms of iron in a very definite manner. In the region of 
a iron observation shows that on passing along the specimen in the direction of 
increasing temperature the amount of deformation, as evidenced by the number 
and depth of the slip-bands formed, increases steadily, but the slip-bands retain 
the curved and forked appearance characteristic of a iron. The amount of 
deformation increases rapidly with increasing temperature rmtil at a point of the 
specimen coinciding with the a/^ transformation, the signs of deformation cease 
quite abruptly. For a short length of the specimen there are no slip-bands, and 
the material appears to have undergone no plastic deformation. On passing to 
still hotter portions of the specimen, slip-bands again appear, and when the 
region of y iron is reached the bands again become numerous, but now show the 
regular, rectilinear character and the characteristic features of twinned crystals, 
thus differing very strikingly from the slip-bands seen in a iron. 

The conclusions drawn from the observations here indicated are : — 

1. That iron at temperatures up to 1100° C. behaves as a crystalline aggregate 
and undergoes plastic deformation by a process of slip on the cleavage or gliding 
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planes of its constituent crystal; this may or may not be accompanied by 
mechanical twinning. 

2. That iion between the ordinary temperature and 1,000° C. exists in three 
distinct modifications possessing widely different mechanical properties, and that 
the temperature-ranges in which these modifications exist are consistent with 
the identification of these three modifications with the a, jS, and 7 forms of iron, 
according to the allotropic theory of Osmond and Roberts- Austen. 

3. That j8 iron, although existing at a higher temperature, is markedly 
stronger and harder than a iron, and that the tt/3 transformation involves a 
volume-change. 

4. That 7 iron as found in approximately pure iron at high temperatures 
possesses the characteristic structure and some of the properties of ‘ 7 iron ’ as 
found in certain alloy steels. 

Incidentally, the demonstration of the real existence of a hard j8 modification 
of iron at high temperatures serves to prove the correctness of the contention that 
the failure to harden pure iron by quenching is due to the difficulty of inhibiting 
the iS = a transformation by rapid cooling, except in the presence of carbon. 
The observed power of j8 iron to resist deformation at 800° C. under a stress 
which is sufficient to fracture the same section of a iron at a temperature of 
750° C., taken together with the powerful softening effect of a rise of temperature 
of 750°, serves to indicate that if j8 iron could be preserved in existence at the 
ordinary temperature, it would possess a very high degree of hardness and 
strength, probably quite comparable with that of hardened steel. 


10. Report on Electroanalysis , — ^ee Reports, p. 79. 


Second . Division. 

The following Papers and Reports were read : — 

1, An Instance illustrating the Rehiive Instabilities of the Trimethyhne 
Ring as compared with the Tetramethylene Ring, By Dr. J. F. Thorpe, 
F,R8. 


2. The Elimination of a GarhoxetJiyl Group during the Closing of the Five- 
Membered Ring, By A. D. Mitchell and Dr. J. F. Thorpe, F.R,S, 


3. The Molecular Complexity of Nitrosoamines, By W. E. S. Turner 
and E. W. Merry. 

The aliphatic nitre compounds are known to exist in the liquid oofidition in 
a complex molecular condition, and it was an interesting question whether this 
property of giving rise to molecular complexes was shared by the nitroso com- 
pounds. The high dielectric constant of dimethylnitrosoamine suggests the 
probability that this substance was a molecularly complex one. 

Measurements were made of the surface energy of three nitrosoamines, the 
results showing that the aliphatic nitrosoamines are associated liquids, whilst 
the aromatic compounds, like the aromatic nitrites and nitro compounds, are non- 
associated. 

The association in dimethyhiitrosoamine is very much less than that in 
acetamide, a substance whose dielectric constant is very little higher than that 
of the nitrosoamine. 


4. Molecular Association in Water, illustrated by Substances containing 
the Hydroxyl Group^ By W. E. S. Turner and 0. J. Peddle. 

Until the recent work of Meldrum and Turner on the molecular weights of 
amides in water, the fact that molecular association may occur in aqueous 
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solution had not been generally recognised. Indeed, such association is hardly 
to be expected on account of the high dielectric constant of water. 

The authors have found molecular association in water to be guite extensive 
among aromatic substances. Benzoic acid, for example, is associated in water 
even to a greater extent than in benzene. 

The view suggested by Meldrmn and Turner, that the association in water may 
be accounted for by supposing the molecular complexes to undergo dissociation, 
is borne out by the results now obtained in water and by others in ethyl alcohol 
as solvent, in which normal substances, such as benzyl and diphenylamine, are 
apparently associated. 


5. The Problem of Molecular Associatioyi : I. The Affinities of the 
Halogen Elements. By W. E. S. Turner. 

The author undertook a criticism of Abegg’s and other recent theories of 
valency, in so far as these theories attempt to account for molecular association 
and for the existence of and formation of molecular compounds. The paper 
embodied the results of the determination, in solution, of the molecular weights 
of fifty to sixty halogen-containing substances of different types, the examination 
of mixtures of such halogen compounds, and of iodine and these compounds, and 
included a review of the molecular weights of all types of halogen- containing 
bodies. 

It was shown that molecular association occurs only when the halogen com- 
pound is an electrolyte, that there is no special virtue in the halogen elements — 
such as the existence of a large number of contra or residual valencies — neither 
is there any virtue in the halogen ion differentiating it from other ions. Thus it 
was shown that, in neutral solvents, nitrates are strongly associated. 

Throughout it was demonstrated that molecular association in neutral solvents 
is the reciprocal of the supposed electrolytic dissociation in the dissociating 
solvents. The question of the origin of the electrical forces which appear on 
* ionisation * was also raised. 

Formation of molecular compounds was shown, except possibly in the case 
of the periodides, not to be due to the same forces which bring about molecular 
association in an individual substance. 

Lastly, the parallel which exists between the extent of association and the 
conducting power in a solvent was shown to be a close one in the case of the 
halogen-containing substances. 


6. Formation of Tolane Derivaiwes from Bmzotrichhrides, 
By Dr. J. Kenner and E. Witham. 


7. The Nitre Ohloro and the JDichlorotoluene Sulphonic Acids. 
By Dr. J. Kenner and Professor W. P. Wynne, F.R.S. 


8. The Action of Metals upon Alcohols. By Dr. P. M. Perkin. 


9. Report on Dynamic Isomerism . — See Keports, p. 80. 


10. Report on Aromatic Nitroamines . — ^See Eeports, p. 82. 


11. Report on the Study of Isomorphous Sulphonic Derivatives of 
Benzene . — See Reports,’ p. 100. 


12. Report on the Study of Hydroaromatic Substayices . — See Reports, p. 82. 



TEANSAOTIONS OF SUB-SECTION B. — CHAIRMAN’S ADDRESS. 571 


SUB-SECTION OF AGRICULTURE, 
Chairman. A. D. Hall, M.A., F.R.S. 


THUMSDAT, 8EPTEMBEB. 1. 

The Chairman delivered the following Address : — 

1 BELIEVE it is customary for anyone who has the honour of presiding over a 
section of the British Association to provide in his presidential address either a 
review of the current progress of his subject or an account of some large piece 
of investigation by which he himself has illuminated it. I wish I had 
anything of the latter kind which I could consider worthy to occupy your atten- 
tion for the time at my disposal; and as to a review of the subject, I am not 
without hopes that the sectional meetings themselves will provide all that is 
necessary in the way of a general review of what is going forward in our depart- 
ment of science. I have, therefore, chosen instead to deal from an historic point 
of view with the opinions which have prevailed about one central fact, and I pro- 
pose to set before you this morning an accomit of the ebb and flow of ideas as to 
the causes of the fertility of the soil, a question which has naturally occupied the 
attention of everyone who has exercised his reason upon matters connected with 
agriculture. The fertility of the soil is perhaps a vague title, but by it I intend to 
signify the greater or less power which a piece of land possesses of producing 
crops under cultivation, or, again, the causes which make one piece of land yield 
large crops when another piece alongside only yields small ones, differences which 
are so real that a farmer will pay three or even four pounds an acre rent for some 
land, whereas he will regard other as dear at ten shillings an acre. 

If we go back to the seventeenth century, which we may take as the beginning 
of organised science, we shall find that men were concerned with two aspects of 
the question — ^how the plant itself gains its increase in size, and, secondly, what 
the soil does towards supplying the material constituting the plant. The first 
experiment we have recorded is that of Van Helmont, who placed 200 lb. of dried 
earth in a tub, and planted therein a willow tree weighing 5 lb. After five years 
the willow tree weighed 169 lb. 3 oz., whereas the soil when redried had lost but 

2 oz., though the surface had been carefully protected meantime with a cover of 
tin. Van Helmont concluded that he had demonstrated a transformation of water 
into the material of the tree. Boyle repeated these experiments, growing 
pumpkins and cucumbers in weighed earth and obtaining similar results, except 
when his gardener lost the figures, an experience that has been repeated. Boyle 
also distilled his pumpkins, &c., and obtained therefrom various tars and oils, 
charcoal and ash, from which he concluded that a real transmutation had been 
effected, * that salt, spirit, earth, and even oil (though that be thought of all bodies 
the most opposite to water) may be produced out of water.’ 

There were not, however, wanting among Boyle’s contemporaries men who 
pointed out that spring water used for the growing plants in these experiments 
contained abimdance of dissolved material, but in the then state of chemistry the 
discussion as to the origin of the carbonaceous material in the plant could only be 
verbal. Boyle himself does not appear to have given any consideration to the 
part played by the soil in the nutrition of plants, but among his contemporaries 
experiment was not lacking. Some instinct seems to have led them to regard 
nitre as one of the sources of fertility, and we find that Sir Kenelm Bigby, at 
Gresham College in 1660, at a meeting of the Society for Promoting Philo- 
sophical Knowledge by Experiment, in a lecture on the vegetation of plants, 
describes an experiment in which he watered young barley plants with a weak 
solution of nitre and found that their growth was promoted thereby; and John 
Mayow, that brilliant Oxford man whose early death cost so much to the young 
science of chemistry, went even further, for, after discussing the growth of nitre 
in soils, he pointed out that it must be this salt which feeds the plant, because 
none is to be extracted fi'om soils in which plants are growing. So general 
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has this association of nitre with the fertility of soils become that in 1675 
John Evelyn writes : ‘ I firmly believe that where saltpetre can be ob- 
tained in plenty we should not need to find other composts to ameliorate 
our ground’; and Henshaw, of University College, one of the first members 
of the Eoyal Society, also writes about saltpetre : * I am convinced indeed that 
the salt which is found in vegetables and animals is but the nitre which is 
so universally diffused through all the elements (and must therefore make the 
chief ingredient in their nutriment, and by consequence all their generation,) 
a little altered from its first complexion.’ 

But these promising beginnings of the theory of plant nutrition came to no 
fruition; the Oxford movement in the seventeenth century was but the false 
dawn of science. At its close the human mind, which had looked out of doors 
for some relief from the fierce religious controversy with which it had been so 
long engrossed, turned indoors again and went to sleep for another century. 
Mayow’s work was forgotten, and it was not until Priestley and Lavoisier, De 
Saussure, and others, about the beginning of the ninet^nth century, arrived at 
a sound idea of what the air is and does that it became possible to build afresh 
a sound theory of the nutrition of the plant. At this time the atten- 
tion of those who thought about the soil was chiefly fixed upon the 
humus. It was obvious that any rich soils, such as old gardens and 
the valuable alluvial lands, contained large quantities of organic matter, 
and it became somewhat natural to associate the excellence of these fat, 
unctuous soils with the organic matter they contained. It was recognised that 
the main part of a plant consisted of carbon, so that the deduction seemed obvious 
that the soils rich in carbon yielded those fatty, oily substances which we now 
call humus to the plant, and that their richness depended upon how much of 
such material they had at their disposal. But by about 1840 it had been definitely 
settled what the plant is composed of and whence it derives its nutriment — ^the 
carbon compounds which constitute nine-tenths of the dry weight from the air, 
the nitrogen, and the ash from the soil. Little as he had contributed to the 
discovery, Liebig’s brilliant expositions and the weight of his authority had 
driven tins broad theory of plant nutrition home to men’s minds ; a science of 
agricultural chemistry had been founded, and such questions as the function of 
the soil with regard to the plant could be studied with some prospect of success. 
By this time also methods of analysis had been so far improved that some 
quantitative idea could be obtained as to what is present in soil and plant, and, 
naturally enough, the first theory to be framed was that the soil’s fertility was 
determined by its content of those materials which are taken from it by the crop. 
As the supply of air from which the plant derives its carbonaceous substance is 
unlimited, the extent of growth would seem to depend upon the supply available 
of the other constituents which have to be provided by the soil. It was 
Baubeny, Professor of Botany and Bural Economy at Oxford, and the real 
founder of a science of agriculture in this country, who first pointed out the 
enormous difference between the amount of plant food in the soil and that taken 
out by the crop. In a paper published in the ‘Philosophical Transactions’ in 
1845, being the Bakerian Lecture for that year, Baubeny described a long series 
of experiments that he had carried out in the Botanic Garden at Oxford, wherein 
he cultivated various plants, some grown continuously on the same plot and others 
in a rotation. Afterwards he compared the amount of plant food removed by the 
crops with that remaining in the soil. Baubeny obtained the results with 
which we are now familiar, that any normal soil contains the material for 
from fifty to a hundred field crops, if, then, the growth of the plant depends 
upon the amount of this material it can get from the soil, why is that growth so 
limited, and why should it be increased by the supply of manure, which only 
adds a trifle to the vast stores of plant food already in the soil? For example, 
a turnip crop will only take away about 30 lb. per acre of phosphoric acid from a 
soil which may contain about 3,000 lb. an acre ; yet, unless to the soil about 50 lb. 
of phosphoric acid in the shape of manure is added, hardly any turnips at all will 
be grown. Baubeny then arrived at the idea of a distinction between the active 
and dormant plant food in the soil. The chief 'stock of these materials, he con- 
cluded^ was combined in the soil in some form that kept it from the plant, and 
only a small proportion from time to time became soluble and available for food, 
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He took^ a further step, and attempted to determine the proportion of the plant 
food which can be regarded as active. He argued that since plants only take in 
materials in a dissolved form, and as the great natural solvent is water percolating 
through the soil more or less charged with carbon dioxide, therefore in water 
charged with carbon dioxide he would find a solvent which would extract out of a 
soil just that material which can be regarded as active and available for the plant. 
In this way he attacked his Botanic Garden soils and compared the materials 
so dissolved with the amount taken away by his crops. The results, however, 
were inconclusive and did not hold out much hope that the fertility of the soil 
could be measured by the amount of a-vailable plant food so determined. Daubeny’s 
paper was forgotten, but exactly the same line of argument was revived again 
about twenty years ago, and all over the world investigators began to try to 
measure the fertility of the soil by determining as ‘available’ plant food the 
phosphoric acid and potash that could be extracted by some weak acid. A large 
number of difierent acids were tried, and although a dilute solution of citric 
acid is at present the most generally accepted solvent I am still of opinion that 
we shall come back to the water charged with carbon dioxide as the only solvent 
of its kind for which any justification can be found. Whatever solvent, how- 
ever, is employed to extract from the soil its available plant food, the results fail 
to determine the fertility of the soil, because we are measuring but one of the 
factors in plant production, and that often a comparatively minor one. In fact, 
some investigators — ^Whitney and his colleagues in the American Department of 
Agriculture — have gone so far as to suppose that the actual amount of plant food 
in the soil is a matter of indifference. They argue that as a plant feeds upon the 
soil water, and as that soil water must be equally saturated with, say, phosphoric 
acid, whether the soil contains 1,000 lb. or 3,000 lb. per acre of the comparatively 
insoluble calcium and iron salts of phosphoric acid which occur in the soil, the 
plant must be under equal conditions as regards phosphoric acid whatever the 
soil in which it may be grown. This argument is, however, a Tittle more suited 
to controversy than to real life; it is too fiercely logical for the things them- 
selves and depends upon various assumptions holding rigorously, whereas we 
have more reason to believe that they are only imperfect approximations to the 
truth. Still this view does merit our careful attention, because it insists that 
the chief factor in plant production must be the supply of water to the plant, 
and that soils differ from one another far more in their ability to maintain a good 
supply of water than in the amount of plant food they contain. Even in a 
climate like our own, which the textbooks describe as ‘humid’ and we are apt 
to call ^wet,’ the magnitude of our crops is more often limited by want of water 
than by any other single factor. The same American investigators have more 
recently engrafted on to their theory another supposition, that the fertility of 
soil is often determined by excretions from the plants themselves,* which thereby 
poison the land for a renewed growth of the same crop, though the toxin may be 
harmless to a difierent plant which folloTvs it in the rotation. This theory had 
also been examined by Daubeny, and the arguments he advanced against it in 
1845 are valid to this day. Schreiner has indeed isolated a number of organic 
substances from soils — di-hydroxystearic acid and picoline- carboxylic acid were 
the first examples — ^which he claims to be th.e products of plant growth and 
toxic to the further growth of the same plants. The evidence of toxicity as 
determined by water-cultures requires, however, the greatest care in interpreta- 
tion, and it is very doubtful how far it can be apjjlied to soils with their great 
power of precipitating or otherwise putting out of action soluble substances 
with which they may be supplied. Moreover, there are as yet no data to show 
whether these so-cailed toxic substances are not normal products of bacterial 
action upon organic residues in the soil, and as such just as abimdant in fertile 
soils rich in organic matter as in the supposed sterile soils from which they 
were extracted. 

As then we have failed to base a theory of fertility on the plant food that we 
can trace in the soil by analysis let us come back to Mayow and Digby and con- 
sider again the nitre in the soil, how it is formed and how renewred. Their views 
of the value of nitrates to the plant were justified when the systematic study of 
plant-nutrition began, and demonstrated that plants can only obtain their supply 
of the indispensable element mtrogen when it is presented in the form of a nitrate, 

1910. P P 
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but it was not until within the last thirty years that we obtained an idea as to how 
the nitre cam© to be found. The oxidation of ammonia and other organic com- 
pounds of nitrogen to the state of nitrate was one of the first actions in the soil 
which was proved to be brought about by bacteria, and by the work of Schloesing 
and Muntz, Warington, and Winogradsky we learnt that in all cultivated soils 
two groups of bacteria exist which successively oxidise ammonia to nitrites and 
nitrates, in which latter state the nitrogen is available for the plant. These same 
investigators showed that the rate at which nitrification takes place is largely 
dependent upon operations under the control of the farmer : the more thorough 
the cultivation, the better the drainage and aeration, and the higher the tempera- 
ture of the soil the more rapidly will the nitrates be produced. As it was then 
considered that the plant could only assimilate nitrogen in the form of nitrates, 
and as nitrogen is the prime element necessary to nutrition, it -was then an easy 
step to regard the fertility of the soil as determined by the rate at which it would 
give rise to nitrates. Thus the bacteria of nitrification became regarded as a 
factor, and a very large factor, in fertility. This new view of the importance of 
the living organisms contained in the soil further explained the value of the 
surface soil, and demolished the fallacy which leads people instinctively to regard 
the good soil as lying deep and requiring to be brought to the surface by the labour 
of the cultivator. This confusion between mining and agriculture probably 
originated in the quasi-moral idea that the more work you do the better the result 
will be ; but its application to practice with the aid of a steam plough in the days 
before bacteria were thought of ruined some of the clay soils of the Midlands 
for the next half-century. Not only is the subsoil deficient in humus, which is 
the accumulated debris of previous applications of manure and vegetation, but 
the humus is the home of the bacteria which have so much to do with fertility. 

The discovery of nitrification was only the first step in the elucidation of many 
actions in the soil depending upon bacteria — ^for example, the fixation of nitrogen 
itself. A supply of combined nitrogen in some form or other is absolutely indispens- 
able to plants and, in their turn, to animals ; yet, though we live in contact with a 
vast reservoir of free nitrogen gas in the shape of the atmosphere, until compara- 
tively recently we knew of no natural process except the lightning flash which 
would bring such nitrogen into combination. Plants take combined nitrogen from 
the soil, and either give it back again or pass it on to animals. The process, how- 
ever, is only a cyclic one, and neither plants nor animals are able to bring in fresh 
material into the account. As the world must have started with all its nitrogen 
in the form of gas it was difficult to see how > the initial stock of combined 
nitrogen could have arisen,* for that reason many of the earlier investigators 
laboured to demonstrate that plants themselves were capable of fixing and bring- 
ing into combination the free gas in the atmosphere. In this demonstration they 
failed, though they brought to light a number of facts which were impossible to 
explain and only became cleared up when, in 1886, Hellreigel and Wilfarth 
showed that certain bacteria, which exist upon the roots of leguminous plants, 
like clover and beans, are capable of draw'ing nitrogen from the atmosphere. 
Thus they not only feed the plant on which they live, but they actually enrich 
the soil for future crops by the nitrogen they 'leave behind in the roots and 
stubble of the leguminous crop. Long before this discovery experience had taught 
farmers the very special value of these leguminous crops ; the Roman farmer was 
well aware of their enriching action, which is enshrined in the well-known words 
in the Georgies beginning, * Aut ibi flava seres/ where Virgil says that the wheat 
grows best where before the bean, the slender vetch, or the bitter lupin had been 
most luxuriant. Since the discovery of the nitrogen-fixing organisms associated 
with leguminous plants other species have been found resident in the soil which 
are capable of gathering combined nitrogen without the assistance of any host 
plant, provided only they are supplied with carbonaceous material as a source of 
energy whereby to effect the combiration of the nitrogen. To one of these 
organisms we may with some confidence attribute the accumulation of the vast 
stores of combined nitrogen contained in the black virgin soils of places like 
Haintoba and the Russian steppes. At Rothamsted we have found that the plot 
on fihe permanent wheat field which never receives any manure has been losing 
niitwgen at a rate which almost exactly represents the differences between the 
thecropand the receipts of combined nitrogen in the rain. We 
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can further postulate only a very small fixation of nitrogen to balance the other 
comparatively small losses in the drainage water or in the weeds that are removed ; 
but on a neighbouring plot which has been left waste for the last quarter of a 
century, so that the annual vegetation of grass and other herbage falls back to the 
soil, there has been an accumulation of nitrogen representing the amiuai fixation 
of nearly a hundred pounds per acre. The fixation by the azotobacter has been 
possible on this plot, because there alone does the sod receive a supply of carbo- 
hydrate, by the combustion in which the azo^odacfer obtained the energy necessary 
to bring the nitrogen into combination. On the unmanured plot the crop is so 
largely removed that the little root and stubble remaining does not provide 
material for much fixation. 

^ Though numerous attempts have been made to correlate the fertility of the 
soil with the numbers of this or that bacterium existing therein, no general 
success has been attained, because probably we measure a factor which is only 
on occasion the determining factor in the production of the crop. Meantime our 
sense of the complexity of the actions going on in the soil has been sharpened by 
the discovery of another factor, affecting in the first place the bacterial flora in 
the soil and, as a consequence, its fertility. Ever since the existence of bacteria 
has been recognised attempts have been made to obtain soils in a sterile condition, 
and observations have been from time to time recorded to the effect that soil 
which has been heated to the temperature of boiling water, in order to destroy any 
bacteria it may contain, had thereby gained greatly in fertility, as though some 
large addition of fertiliser had been made to it. Though these observations have 
been repeated in various times and places they were generally ignored, because 
of the difficulty of forming any explanation : a fact is not a fact until it fits into 
a theory. Not only is sterilisation by beating thus effective, but other anti- 
septics, like chloroform and carbon bisulphide vapour, give rise to a similar result. 
For example, you will remember how the vineyards of Europe were devastated 
some thirty years ago by the attacks of jjhylloxera, and though in a general way 
the disease has been conquered by the introduction of a hardy American vine 
stock which resists the attack of the insect, in many of the finest vineyards the 
owners have feared to risk any possible cliange in the quality of the grape through 
the introduction of the new stock, and have resorted instead to a system of 
killing the parasite by injecting carbon bisulphide into the soil. An Alsatian vine- 
grower who had treated his vineyards by this method observed that ah increase 
of crop followed the treatment even in cases where no attack of phylloxera was 
in question. Other observations of a similar character were also reported, and 
within the last five years the subject has received some considerable attention until 
the facts became established beyond question. Approximately the crop becomes 
doubled if the soil has first been heated to a temperature of 70° to 100° for 
two hours, while treatment for forty-eight hours with the vapour of toluene, 
chloroform, &c., followed by a complete volatilisation of the antiseptic, brings 
about an increase of 30 per cent, or so. Moreover, when the material so grown 
is analysed, the plants are found to have taken very much larger quantities of 
nitrogen and other plant foods from the treated soil; hence the increase of 
growth must be due to larger nutriment and not to mere stimulus. The explana- 
tion, however, remained in doubt until it has been recently cleared up by 
Drs. Eussell and Hutchinson, working in the Eothamsted laboratory. In the 
first place, they found that the soil which had been put through the treatment 
was chemically characterised by an exceptional accumulation of ammonia, to 
an extent that would account for the increased fertility. At the same time 
it was also found that the treatment did not affect complete sterilisation of the 
soil, though it caused at the outset a great reduction in the numbers of bacteria 
present. This reduction was only temporary, for as soon as the soil was watered 
and left to itself the bacteria increased to a degree that is never attained 
under normal conditions. For example, one of the Eothamsted soils em- 
ployed contains normally about seven million bacteria per gram — a number which 
remains comparatively constant under ordinary conditions. Heating reduced the 
numbers to 400 per gram, but four days later they had risen to six million, after 
which they increased to over forty million per gram. When the soil was treated 
with toluene a similar variation in the number of bacteria was observed. The 
accumulation of ammonia in the treated soils was accounted for by this increase 
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in the number of bacteria, because the two processes went on at about the same 
rate. Some rearrangements were effected also in the nature of the bacterial flora ; 
for example, the group causing nitrification was eliminated, though no substantial 
change was effected in the distribution of the other types. The bacteria which 
remained were chiefly of the class which split up organic nitrogen compounds 
into ammonia, and as the nitrate-making organisms which normally transform 
ammonia in the soil as fast as it is produced had been killed off by the treatment, 
it was possible for the ammonia to accumulate. The question now remaining 
was, What had given this tremendous stimulus to the multiplication of the 
ammonia-making bacteria? and by various steps, which need not here be enimie- 
rated, the two investigators reached the conclusion that the cause was not to be 
sought in any stimulus supplied by the heating process, but that the normal soil 
contained some negative factor which limited the multiplication of the bacteria 
therein. Examination along these lines then showed that all soils contain unsus- 
pected groups of large organisms of the protozoa class, which feed upon living 
bacteria. These are killed off by heating or treatment by antiseptics, and on their 
removal the bacteria, which partially escape the treatment and are now relieved 
from attack, increase to the enormous degree that we have specified Accord- 
ing to this theory the fertility of a soil containing a given store of nitrogen 
compounds is limited by the rate at which these nitrogen compounds can be 
converted into ammonia, which, in its turn, depends upon the number of bacteria 
present effecting the change, and these numbers are kept down by the larger 
organisms preying upon the bacteria. The larger organisms can be removed by 
suitable treatment, whereupon a new level of ammonia-production, and therefore 
of fertility, is rapidly attained. Curiously enough one of the most striking of 
the larger organisms is an amoeba akin to the white corpuscles of the blood — the 
phagocytes, which, according to ISIetchnikoff ’s theory, preserve us from fever 
and inflammation by devouring such intrusive bacteria as find entrance in the 
blood. The two cases are, however, reversed : in the blood the bacteria are 
deadly, and the amoeba therefore beneficial, whereas in the soil the bacteria are 
indispensable and the amoeba become noxious beasts of prey. 

Since the publication of these views of the functions of protozoa in the soil 
confirmatory evidence has been derived from various sources. For example, 
men who grow cucumbers, tomatoes, and other plants under glass are accustomed 
to make up extremely rich soils for the intensive culture they practise, but, 
despite the enormous amount of manure they employ, they find it impossible to 
use the same soil for more than two years. Then they are compelled to intro- 
duce soil newly taken from a field and enriched with fresh manure. Several of 
these growers here have observed that a good baking of this used soil restores its 
value again; in fact, it becomes too rich and begins to supply the plant with an 
excessive amount of nitrogen. It has also been pointed out that it was the custom 
of certain of the Bombay tribes to burn vegetable rubbish mixed as far as possible 
with the surface soil before sowing their crop, and the value of this practice in 
European agriculture, though forgotten, is still on record in the books on Roman 
agriculture. We can go back to the Georgies again, and there find an account of 
a method of heating the soil before sowing, which has only received its explana- 
tion within the last year, but which in some form or other has got to find its way 
back again into the routine of agriculture. Indeed, I am informed that one 
of the early mysteries, many of which we know to be bound up with the practices 
of agriculture, culminated in a process of firing the soil, preparatory to sowing 
the crop. 

My time has run out, and I fear that the longer I go on the less you will feel 
that I am presenting you with any solution of the problem with which we set 
out — * What is the cause of the fertility of the soil ? ’ Evidently there is no 
simple solution; there is no single factor to which we can point as the cause; 
instead we have indicated a number of factors any one of which may at a given 
time become a limiting factor and determine the growth of the plant. All that 
science can*, do as yet is to ascertain the existence of these factors one by one 
and bring them successively under control ; but, though we have been able to 
Eflictease production in various directions, we are still far from being able to 
sdi the interacting forces whose resultant is represented by the crop. 
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One other point, I trust, my sketch may have suggested to you : when science, 
a child of barely a century’s growth, comes to deal with a fundamental art like 
agriculture, which goes back to the dawn of the race, it should begin humbly 
by accepting and trying to interpret the long chain of tradition. It is unsafe for 
science to be dogmatic; the principles upon which it relies for its conclusions 
are often no more than first approximations to the truth, and the want of 
parallelism, which can be neglected in the laboratory, gives rise to wide diver- 
gencies when introduced into the rgions of practice. The method of science is, 
after all, only an extension of experience. What I have endeavoured to show in 
my address is the continuous thread which links the traditional practices of 
agriculture with the most modern developments of science. 


The following Papers were then read : — 

1. Im'purities in the Atmosphere of Towns ani their Effects upon Vegetation. 
By Arthur G. Euston, B.A.,B.Sc., and Charles Ceowther, M,A., PJi.D. 

The atmospheric impurities in different parts of the city of Leeds have been 
investigated by collecting samples of rain for a period of twelve months (November 
1907 to October 190S). Similar results are given for the rainfall at the Manor 
Farm, Garforth, about seven and a half miles due east of the main industrial 
quarter of Leeds. The samples were collected with funnels twelve^ inches^ in 
diameter, and were representative of the whole of the atmospheric impurities, 
both soluble and insoluble, whether actually brought down by the rain or de- 
posited at other times. The estimations made with the samples are indicated 
in the following table : — 


Analysis of Bain Water, Leeds and Garforth. 
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Further investigations have been made as to the influence of the suspended 
impurities upon the amoimt and intensity of the light penetrating the atmosphere 
at the different stations. 

A three years* experiment is recorded showing the influence of acid waters 
{including Leeds and Garforth rain) upon the growth of grass. The grasses 
have been grown in boxes, each one foot square, and subjected to precisely 
similar conditions with the exception of the acidity of the water supplied. 
Observations have been made of the effect upon the yield and composition of the 




678 


TRAlSrSACTIOifS OJ? SUB-SECTION B. 


grasses and upon the micro-organic flora of the soil. The results direct attention 
especially to the following points : — 

[a) The high amounts of suspended matters in town air, — This is not only 
directly injurious to vegetation in blocking up a large proportion of the stomata 
of leaves, but exercises also a considerable influence upon the amount and intensity 
of the solar radiation placed at the service of town vegetation. The injury due 
to the former cause is greatly aggravated by the sticky nature of much of the 
suspended matter (tar, &c.), and is most markedly seen in the case of evergreen 
plants, conifers being the most susceptible. The characteristic sunk stomata of 
these latter plants, whilst serving admirably for the restriction of transpiration, 
act as traps for the solid matters suspended in the atmosphere. Some leaves 
have been found to have as many as 80 per cent, of their stomata so blocked. 
The well-known detrimental effect of the gaseous products of combustion of coal 
upon the growth of these plants is thereby intensified. Conifers cannot be grown 
with even moderate success in Leeds, except upon the northernmost verge where 
the atmospheric impurities reach their minimum. 

[h) The relatinely high acidity of tomn rain, es'pecially in the industrial 
districts, — The investigations show that the rain falling in practically every part 
of the city is distinctly acid. The injurious effect of this acid upon vegetation, 
as illustrated by the growth of grass, is brought out clearly by the experiments. 
The injury is probably partly direct, but it is shown to be due in part to the 
effect of the acid upon the micro-organic flora of the soil. The reduced yield, 
lower protein-content, and increased fibre-content of the grass grown under acid 
conditions is a nnatter of serious import for the farmers in semi-urban districts. 


2, Some Trouhlesome Diseases of the Potato Tuler. 

By A. S. Horne, B£c., F,G.S. 

Some years ago a disease of the potato tuber, due neither to Phytophthora 
infestans nor Fusarium solani, was described by Trank under the name Bunt- 
werden or Eisenfleckigkeit, which possessed only internal symptoms, taking the 
form of brownish blotches or streaks in the flesh. Corresponding to Buntwerden 
are the types known in Britain as internal disease and sprain (streak-disease), 
the flesh being marked with blotches and streaks respectively. The markings 
in both cases are constant for large samples of potatoes of a known variety and 
have received separate consideration, since it has not yet been shown that they 
are due to the same cause. No hyphal organism is present in typically affected 
tubers — ^if pathogenic organisms are responsible for the disease, they are pro- 
bably bacteria. Diseased seed-tubers are liable to propagate the disease. 

Internal disease is often associated with Phytophthora infestans (from the 
soil). The tubers in a given sample affected with blotches only show no exfernal 
marks, but others of the same sample with the complication can be detected 
at a glance. When the tuber is cut open there is generally a peripheral zone of 
the fungus, whilst the central portion is blotched. 

In spite of Frank’s description of two types of an attack of Pliytophthora^ 
that type which consists of an attack upon the tuber from the soil, which, in 
the north of England and in Scotland often takes the form of a joint incursion 
of Phytophihora and bacteria, is considerably neglected in some parts of the 
country, although responsible for extensive damage to crops. Spraying, although 
perhaps beneficial to the plant, is not a proper remedy, since the disease is as had 
under healthy ^ under unhealthy tops. Affected tubers when examined imme- 
diately after removal from the soil show a peripheral zone of disease, hut the 
stalk end is frequently quite clean. In microscope sections the fungus and motile 
bacteria can be seen in the intercellular spaces and the points of entry of the 
organisms concerned can be traced. 

pother form of disease which appears towards the middle of the storage 
period is locally known as bruise. No pathogenic organisms have yet been recog- 
nised, but, in any case, the disease leans strongly towards the physiological side, 
it i^ms to be eliminated by a suitable chaiige of soil and climate. 
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3. A Preliminary Note on the Fatty Substances in Oat Kernel. 

By Professor E* A. Berey, Ph.B. 

It has been shown by Maxwell, Schulze, Hoppe-Seyier, and others that the 
ether extract of plants may contain, in addition to the oil, other bodies such as 
waxes, hydrocarbons, colouring bodies, lecithin, cholesterins, &c., in varying 
amounts, and that prolonged digestion with the solvent is necessary for the 
extraction of the oil from seeds. Dry oat kernel was subjected to repeated 
five-hour extractions with different solvents, 5 grs. in duplicate or quadruplicate 
being taken in each case, with the result that ether, chloroform, light B.P. 
petroleum ether, and carbon tetrachloride extracted over 95 per cent., absolute 
alcohol 92*5 per cent., benzene 89*24 per cent., and acetone 88*9 per cent, of the 
total extract in^ the first of three five-hour extractions. The ether extractions 
were repeated six times, and the last extraction still gave an increase of 1*7 per 
cent. The oil from the chloroform and alcohol extract was turbid; in the rest 
it was clear. Invariably the second and third extractions were partly solid. , 
In the case of chloroform it was a clear crystalline solid. The residual meal after 
the thirty-hour ether extraction was extracted for a further five hours with 
absolute alcohol, and yielded 0*083 gr. extract-; and the residual meal from the 
fifteen-hour alcohol extract yielded, with a further five hours* extractions with 
ether, 0*004 gr. extract. The former was composed mostly of lecithin. Taking 
the total ether extract of three five-hour extractions as 100, the ratio for the 
other solvents obtained in the same way are ; Petroleum ether 97*07, carbon 
tetrachloride 104*24, chloroform 109*78, acetone 112*71, benzene 113*15, absolute 
alcohol 127*93. 

Pure dry ether, compared with ordinary ether, with a fifteen-hour extraction 
yielded the following results calculated as percentages of the dry meal : — 

Dry Ether Ordinary Ether 

Dry meal 9*25 9*43 

Air^dry meal ..... 9*40 9*72 

Dry ether and dry meal yield the purer oil. 

Oat oil from the dry ether extract gives a saponification equivalent of 265, 
potash absorption 21*2 per cent., iodine absorption 99*9 per cent. ; and it cont ain s 
4 per cent, of free fatty acids calculated as oleic acid. With nitrous acid a solid 
claiden was formed. 

The greater part of the lead salts of the fatty acids were soluble in ether, 
and yielded fatty acids liquid at the ordinary temperature, with a mean combining 
weight of 254 and iodine absorption of 106. The fatty acids from the insoluble 
lead salts were solid. Small amounts of unsaponifiable matter were found in all 
the extracts. 


FEIBAY, SEPTEMBER 2. 

The following Papers were read ; — 

1. Sugar-beet Growing ani Beet-sugar Manufacture in England. 

By Sigmund Stein. 

Sugar-beet growing in the United Kingdom dates back to 1835, when sugar- 
beet was grown experimentally in Surrey. In 1853 a small beet-sugar factory 
was erected at Mount Mellick, Qu€en*s County, Ireland. Later, experiments were 
carried out in different parts of the country, and in 1867 Mr. Campbell, of 
Buscot, near Faringdon, grew sugar beetroots on a more extensive Scale, About 
1870 a beet-sugar factory was started at Lavenham, but it failed. Since then 
many experiments have been carried out by various agriculturists and scientists. 

During the last twenty years the author has carried out about four thousand 
sugar-beet growing experiments in practically every county in England, Scotland, 
and Ireland. Thirty-six different seeds were used, including German, French, 
Austrian, Eussian, Dutch, and English. The average results show a yield of 
sugar-beet with leaves of 39 tons 5 cwt. per acre. The average yield of roots 
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without leaves was 17 tons 16 cwt. per acre, but in many cases 28, 30, and 35 tons 
of roots per acre were obtained. The author’s experiments on the Liverpool 
Corporation vSewage Farms in 1900 produced a yield of 43 tons of sugar-beet per 
acre. The average of the sugar contents was 17*65 per cent, in the roots and 
19*15 per cent, in the juice, but several samples contained 21 per cent, of sugar. 

Our climate is most suitable for root-growing, specially for sugar-beet. The 
ridiculous ‘ sun fable * was disputed many times by the author and others. In 
years when there was a failure of the beet crop on the Continent he grew excellent 
roots in England. His balance-sheet published some years ago shows that it 
costs 9L los. to grow an acre of sugar-beet. If the farmer receives IZ. per ton 
for his sugar-beet he will have a profit of 61. 10s. per acre. 

The demand for mangolds is limited, and the price varies. Sugar-beet, how- 
ever, is contracted for at a fixed price for five to ten years. Farmers will have a 
sure profit for years to come. 

Sugar bounties were abolished by the Brussels Convention until 1913, and if 
the present sugar policy b© preserved by England the Convention will become a 
permanent institution. 

The consumption of sugar is increasing from year to year, and is caused 
(a) by the natural increase of the world’s population; (6) by the increased con- 
sumption of sugar owing to the abolition of the bounties ; (c) by the increase 
of education and intelligence. The consumption of sugar in England is 88 lb. 
per head per annum. Confectionery, marmalade, preserve, and mineral-water 
industries are interested in it. If England does not begin to produce sugar, there 
will soon be a sugar famine. We require 500 factories, each costing 80,OOOZ. ; 
so that 40,(X)0,OOOZ. will be safely invested at home. We shall keep the 
20,000,000Z. at home which w© have sent out year by year abroad. In the factories 
160,000 hands will be employed and hundreds of thousands indii’ectly. 

Beet pulp is very valuable feeding material; 25,000,000 tons of it are used 
annually on the Continent for cattle-feeding. Saturation lime is a valuable 
manure, supplied free or cheaply to the farmers. 

We have now experimented for seventy-five years; it is high time to utilise 
our experience and erect factories in every county. The author has indicated 
suitable sites in different localities, and preparations are already being made 
for the erection of beet-sugar factories. The beet-sugar industry will be a 
great and profitable industry, and will prove of immense benefit not only to British 
agriculture but to the whole population and the entire country. 


3 . The Financial Aspect of the proposed Sugar-Beet Industry, 

By G. L. CouRTHOPE, M,P, 

This paper dealt with the question from the three aspects of the nation, the 
farmer, and the sugar manufacturer. Attention wajs directed to the fact that the 
imports of beet sugar have increased during the last thirty-five years from a 
negligible quantity to some 30,000,000 cwt. annually. There is no reason why 
this vast production should not have been built up at home. Successive Govern- 
mente liave failed to foster the industry and hav© done nothing in connection 
with bounty-fed competition from abroad. With the acceptance of the Brussels 
Convention'* the situation has completely changed. The doubt still remains as 
to whether any Excise duty will be placed upon the product of home factories, 
but various considerations render it unlikely that any such duty will be imposed 
for some years to come. The opinion was expressed that there would be little or 
no loss of revenue to the Treasury, since with existing taxation the contribution 
to the Exchequer would be fully equal to the present iiriport duty of lA lOd. 
per cwt. so long as the wholesale price of sugar did not fall below 14^8^?. 
per cwt., as against current quotations varying from 20s. lO^d. to 22s. \ 

The author is of opinion that on any land which will grow a good crop of 
mangold, and is situated within reasonable distance from a factory, the farmer\ 
^tdd be able to make an average annual profit of about 61. to 61. 10s. per acre, 

' In. ad^iti^^ to receiving the * saturation lime ’ free, having an additional local 
of ©heap cattle-food, and also the expectation of a bonus from the factory 
f Iri ^He would gain the two eminently desirable advantages of a 
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certain market and prompt payment for ids crop. The * saturation lime ' given 
gratis to the farmer contains all the chief manurial ingredients and is of distinct 
manurial value. The dried slices or pulp (the so-called ‘ Protos ’) are said to 
possess a greater feeding-value than either hay, bran, barley, or the commonly 
used meals and cakes. 

From an_ examination of Continental experiences it is considered that a 
factory dealing with the produce of about 2,500 acres is the most profitable. 
Such a factory would deal with, say, 36,000 to 50,000 tons of roots during a 
campaign of not more than a hundred working days. Buildings and plant would 
cost 70,000Z. to 90,000?., according to the methods and machinery employed. In 
addition, the site has to be purchased, sidings constructed, and roads made. The 
cost of the first depends upon local circumstances ; the second, assuming the site 
to be close to a railway, would probably cost from 3,000?. to 4,OOOZ., and the 
third from Zl. to 4?. per yard run. The total cost of erecting, equipping, and 
starting such a factory is computed at 120,000?. Assuming that the farmer is 
paid 18s. per ton for his beet, and that the factory effects a sale of 5,000 tons of 
granulated sugar at 14?. per ton, 5,000 tons of dried slices at 5?. per ton, and 
375 tons of molasses at 3?. 15^. per ton, an estimated profit is arri^^d at of 
roughly 31,000?., or 25 per cent, upon the capital invested. 


3. The Fixation of Nitrogen hy Free Living Soil Bacteria. 

By Professor W. B. Bottomley, M.A. 

Since the discovery of the Azotobacter group of nitrogen-fixing organisms by 
Beijerinck in 1901 numerous attempts have been made, but with little success, 
to utilise these organisms for increasing the store of soil nitrogen. Gerlach and 
Vogel (1902) and Freudemeich (1903) obtained negative results in soil experi- 
ments. Lipman (1904), experimenting with A%, Beijerinchi and Az, Vinelandii, 
found that out of ten experiments there was a loss of nitrogen in every case but 
one, and this showed a gain of only 4 mgs. 

Certain results from inoculation experiments on clover with oats in 1907, and 
the discovery that species of Azotobacter and Pseudomonas “are always found in 
association in the algal zone of the root-tubercles of Cycas, suggested that a 
mixed culture of these organisms might be effective in fixing nitrogen in the soil. 

Pure cultures of the organisms obtained from Cycas root-tubercles incubated 
for fifteen days at 24° C. gave the following : — 

Mgs. N. per unit 


Carbohydrate 
per lOo e.c. 

Control 0*48 

Azotobacter 0*56 

Pseudomonas .......... 0*91 

Azotobacter-i- Pseudomonas 1*24 


Hence Azotobacter and Pseudomonas fi,x more nitrogen per unit of carbo- 
hydrate when grown together than when grown separately. Further investigation 
showed that this increased fixation applied also to Azotobacter and Pseudomonas 
from ordinary soil and leguminous nodules respectively. Pure cultmes grown in a 
solution consisting of mannite, 0*5 grm. j maltose, 0*5 grm . ; potassium phosphate, 
0.1 grm. ; magnesium sulphate, 0.02 grm. per 100 c.c. of water, at 24° C. for ten 
days, gave the following averages : — 

Mgs. N. per 


100 c.c. 

Control - 0*53 

Azotobacter 2*19 

Pseudomonas 2*30 

Azotobacter-h Pseudomonas 4*51 


Owing to the different cultural conditions prevailing in soil and culture solu- 
tions an attempt was made to acclimatise the pure cultures to ordinary soil 
conditions. About fourteen pounds of autoclaved garden soil was well moistened 
with the mixed culture and incubated for twenty-one days at 24° C. A culture 
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solution was th-en obtained by mixing 5 grm. of this inoculated soil in 100 c.c. of 
water with 1 grm. of sugar and incubating for twenty-four hours only; 50 c.c. 
of this solution were then applied to pets containing 5 ounces of soil each, and 
incubated at 24 j° C. for ten days. The nitrogen determinations yielded : — 

Mgs. N. per 
100 grm. 


Soil-fSO c.o. distilled water 324 

Soil-i-50 c.c. autoclaved culture 330 

Soil4-50 c.c. living culture 359 


An increase of 35 mgs. nitrogen per 100 grm. of soil, which represents an increase 
of about 350 lb. of nitrogen per acre, taking an acre of soil 4 inches deep as 
weighing 1,000,000 lb. 

To further test the effect of the mixed culture (both pure culture and soil 
culture) under ordinary conditions on different soils a number of shallow plant- 
dishes, each containing 3 lb. of soil and inoculated with 300 c.c. of the culture, 
were kept in one of the greenhouses at the Chelsea Physic Gardens for fourteen 
days. Analyses of these gave the following averages ; — 




Soil A 

SoilB 

SoilC 

SoilD 




Mgs. N. pei^lOO grm. Soil 

Control 

• 

. 37T" 

375 

312 

402 

Pure culture 


. 403 

396 

336 

421 

Soil culture 

• 

. ' 406 

395 

333 

424 

Increase, 

Pure culture 


. 32 

21 

24 

19 

Soil culture 

■ 

. 35 

20 

21 

22 


Experiments in progress indicate that this fixed nitrogen is readily assimilated 
by plants, and crops are benefited by an application of the mixed culture. 


4 . Notes on the Nature of Nitrogen Fixation in the Root Nodules of 
Leguminous Plants. By John Golding, FJ,G, 

Nearly a quarter of a century has elapsed since Hellriegel and Wilfarth 
showed that leguminous plants are able to assimilate the free nitrogen of the 
atmosphere when nodules are developed on their roots ; but the problem of what 
takes place in the root nodule is still unsolved. 

Numerous researches have led to the following conclusions : — 

(1) That the plant is able to get ail its nitrogen from the air of the soil, and 
that the quantity fixed is very large. 

(2) That the nodule is the seat of the process. 

(3) That fixation is accompanied with a change in the form of the organism, 
which invades the root hair as an infection thread, passes through a rod-shaped 
stage, and finally assumes the (Y) bacteroid form. 

(4) That practically each plant has its own nodule organism, and though the 
differences seldom amount to a difference of species, it takes a considerable time 
for the nodule organism of one plant to become adapted to another plant, and 
when so adapted it is not capable of infecting the plant from which it was first 
taken. 

(6) That this adaptation to a particular kind of plant is retained by the 
organism in the soil for a considerable period, during which assimilation, if it 
takes place at all, is much less than when the organism is in the nodule. 

The conditions which obtain in the nodule are as follows : — 

The acidity of the cell sap must be contended with. Nitrogenous products 
of growth must be removed at an early stage of development of the plant. The 
organism must be fed with some carbohydrate, to give it the necessary energy to 
fix the nitrogen. Some limiting factor must restrict the number and size of the 
Chemical differences must exist between the roots of nearly related 
“ wMoh the organisms must be very sensitive. The atmospheric conditions 

m the nodule may also differ from those in artificial cultures. 
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The study of the behaviour of these organisms under controlled conditions 
of artificial culture, approximating as far as possible to the natural conditions, 
indicates a solution of the problem in the near future. 

In some work on the subject quantitative determinations of the nitrogen fixed 
have been the measure of advance, while in others the formation of bacteroids, 
or of slime, or even the power of infecting plants, has been taken to indicate an 
approach to natural conditions. 

A new method described and demonstrated for the first time indicates that 
it is_ the reaction of the medium which plays an important roZe in nitrogen- 
fixation. The cultures also disclose previously unobserved properties of the 
nodule organism. 

Previous work is summarised, indicating that it is not only the acidity of the 
root sap, but also the removal of the products of growth, the supply of carbo- 
hydrate, and the slime production which must be regulated before artificial 
cultures of the organism can be expected to fix nitrogen to an extent compai^able 
with that which takes place in the nodule. The ready adaptation of the organism 
to its environment must also be borne in mind. 


MONDAY, SEPTEMBEB 5. 

Joint Meeting with Section D. 

The following Paper was read : — 

The Part flayed hy Micro-organisms other than Bacteria in determining 
Soil Fertility. By E. J. Russell, D£g,, and H. B. Hutchinson, Ph.D* 

Partial sterilisation of soil by heat or treatment with volatile antiseptics such 
as toluene leads to a notable increase in productiveness. The authors find that 
shortly after the treatment has ceased there is a great increase in the rate at 
which plant food is formed by bacteria and in the rate of multiplication of the 
bacteria. This increased activity is not brought about by any heightened vigour 
in the bacterial stock; on the contrary, it is shown that these organisms are 
actually weakened by the treatment. It follows, then, that the environment has 
been improved. 

When some of the original untreated soil or an aqueous extract of the soil is 
added to the partially sterilised soil there is at first a still greater increase in the 
bacterial activity. This has been traced to the addition of the more vigorous 
organisms of the untreated soil. Later on there is evidence that a detrimental 
effect is produced where soil was added, but not from the extract. It appears, 
then, that the untreated soil contained some injurious factor not washed out by 
water, which only slowly makes itself felt when introduced into a clean soil. This 
factor is put out of action by any poisonous organic vapour by heating to 52^ and 
similar means. 

It is difficult to account for the experimental results in any other way except 
by supposing that soil contains organisms capable of checking bacterial develop- 
ment. Such organisms must be larger than bacteria and not readily detached from 
the soil since they do not appear, or not to any extent, in an aqueous extract. 
Search for large organisms has revealed the presence in every soil so far examined 
of amoebse or amoeboid organisms, of colopoda and other protozoa. It is shown 
that the mixed culture growing in hay infusion is capable of destroying bacteria. 
It has not yet, however, been possible to ascertain definitely whether these protozoa 
are active in the soil, although the conditions obtaining— an atmosphere saturated 
with water vapour and a film of water round the particles of soil — would seem to 
us favourable to their development. 
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The following Paper was read in Sub-Section B (Agriculture) : — 

' Points ’ in Farm Livestock and their Value to the Scientific Breeder, 

By K. J. J. Mackenzie, M.A., A,SJ, 

Since Bakewell (1725-95), a Leicestershire yeoman living at Dishley, improved 
the * Longhorn ’ breed of cattle and the * Leicester ’ breed of sheep through 
selection and ‘in and in breeding,* the advance in the yalue of British farm 
stock has been phenomenal. Almost simultaneously with Bakewell’s improve- 
ments in breeding, the work of Jethro Tull and of Lord Charles Townshend led 
to a new husbandry w'hereby it was possible to feed cattle and sheep liberally 
all through the year. It is possible that this latter fact had a great part in the 
improvement of livestock, and that some of the credit so often given soleljr to 
the breeder may be really due to changed environment or conditions of nutrition. 

Creat economic results have accrued from the improvement in British breeds 
of farm livestock begun by Bakewell, but carried on by others and applied by 
them to other varieties of cattle, sheep, horses, and swine. In fact, during 
the last hundred years practically all the new coinitries of the world, as 'well as 
many of the older ones nearer us, have drawn on these islands for their pedigree 
livestock. This fact has played no small part in helping the British agricul- 
turist to tide over the great depression of the last quarter of the nineteenth 
century. It is remarkable that, notwithstanding a vast outlay in purchasing 
fmmdation stock and in getting men to manage it, a foreign demand for animals of 
the best type for breeding purposes still exists. 

Great as have been the results obtained in the past by British breeders of 
livestock, results which are possibly, as we have seen, partly due to improvements 
in general agriculture, there is hope of still further advance owing to the work 
of those investigators who have followed up the discoveries of Mendel and others 
who have brought the mysteries of breeding within the scope of pure science. 
It seems likely that a closer study of those indications, spoken of as ‘points,* 
which Bakewell and his immediate, as well as his present-day, followers have 
used in their practical work, may be of value to the purely academic worker 
who would bring the result of scientific research to bear upon the question of 
economic stock-breeding. 

The investigation of such ‘ points * demands much research, for at present 
they are very vaguely defined, and breeders would seem, to a certain extent, to 
work by intuition rather than by definite knowledge. It would seem necessary, 
before the practical breeder can be in a position to get help from men of science, 
to examine these ‘ points * with care, so that : — 

(ff) All the factors which are necessary for the development of any one 
* point ^ may be ascertained. 

(&} We may know whether the ‘points,* necessary for the development of 
any one particular form of usefulness, may be correlated with * points * denoting 
utility of another sort. 

(c) We can ascertain whether ‘ points * which empirical methods have fixed 
upon as indications of certain useful faculties are, in fact, necessary to the 
devejlopment of those faculties, or whether they are simply due to fictitious 
considerations sometimes called ‘fancy.* 

The value of certain ‘ points * supposed to indicate deep-milking properties 
was investigated by a study of Lord Eayleigh*s herds, to which he kindly allowed 
the writer access. Forty of the best and forty of the worst milkers were 
measured, and the results worked out by correlation methods. Although the. 
investigation is not complete, it does not appear so far that the * points ’ are* 
closely correlated with milk production. 

If it be found possible by counting or weighing, or in any other accurate 
manner, to bring the ‘ points * sought for within the range of ascertained fact, 
it will greatly assist the men of science in suggesting improved systems of 
breeding to the stock-rearer. 

There are many other characteristics, such as ‘touch,* ‘constitution,* and 
‘kindliness,* upon which practical men rely, but which cannot be said to be 
w^l defined. Such characteristics are, however, held ^ be of the utmost 
ms^rtance, and it would seem well to investigate them. In fact, to ignore 
be to deprive of very usefnl help those who wish to emulate in the 
. , gieai improvement in the past. 
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Joint Meeting with Section G, 

The following Papers were read : — 

1. Soil Surveys for Agricultural Pur'poses. 

By A. D. Hall, F.R,S-y and E. J. Eussell, D,Sc. 

The object of a soil survey is to give an account of the soils of an area in their 
relation to the local agriculture. The methods adopted must be such that it is 
possible (1) to classify together soils of the same formation which have similar 
agricultural properties, and differentiate between others with dissimilar pro- 
perties; (2) to bring out clearly and unmistakably any connection that may 
exist bet\yeen type of soil and special crops or special agricultural methods ; (3) to 
afford guidance as to crops that may succeed, or are not likely to do so; (4) to 
throw light on the manurial requirements of the soils. 

The geological formation affords the best basis on which to carry out a soil 
survey. Where fairly constant physical and other conditions have obtained a 
fairly constant type of soil may be expected. Thus, in their survey of Kent, 
Sussex, and Surrey, the authors found that soils arising from the Bagshot and 
Folkestone beds, although both light sands, possessed definite characteristics 
whereby it w^as generally possible to distinguish them. In other cases gradual 
changes can be traced in passing along the formation : thus, the Hythe beds in 
the east contain a distinctly large proportion of the finest particles of soil, which 
becomes less and less in moving westwards. 

Considerable difficulty comes in, however, vrhere the formation is obscured by 
drift. 

Of the various determinations made in the course of the analysis, the most 
important is the mechanical analysis whereby the particles are graded according 
to their sizes. For agricultural purposes the size of the soil particles is more 
significant than their actual composition. The finer particles of soil regulate the 
water-supply available for the plant, and profoundly influence the tillage opera- 
tions ; unless a sufficient proportion is present the soil cannot be cultivated, but 
is left as waste, agriculturally speaking, though it may be valuable for building 
purposes. On the other hand, too great a proportion is detrimental, because it 
increases the difficulty of tillage. The coarser particles determine the openness 
and * lightness ’ of the soil. A number of crops have very special soil require- 
ments, and are only found in any quantity on a particular type of soil. It is 
possible to define these types over a given area by means of mechanical analysis. 

Account must always be taken of the other factors determining the water- 
supply, such as rainfall, topographical position, nature of the subsoil, &c. Tem- 
perature is equally important, and the altitude and exposure has also to be 
considered. 

Of the chemical determinations the total carbonate is, perhaps, the most im- 
portant. Calcium carbonate is the commonest of these compounds, and it acts 
in two ways : it modifies the properties of the finer particles, making them more 
like coarser particles, and -it prevents the soil from becoming acid. It is impos- 
sible to lay down any limits within which the carbonates must fall, an amount 
sufficient on a light sandy soil being wholly insufficient on a clay. The amount 
should increase pari passtt with the amount of fine particles. 

The amount and nature of the organic matter is important, and it is necessary 
to know whether free acid is present or not. Like calcium carbonate, humus 
modifies the properties of the finest particles. 

The inter-relationships between size of particles, water-supply, and amounts of 
calcium carbonate and organic matter cannot at present be reduced to any mathe- 
matical expression, and, owing to their complexity, certain field observations are 
necessary. But it is usually possible to interpret the results with sufficient pre- 
cision for ordinary purposes. 

Of the bases, the amounts of alumina and of potash vary with the clay, but iron 
oxides do not necessarily. The proportion of ferrous to ferric iron is important 
as an indication of the amount of aeration in the soil. 
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2. The Drift Soils of Norfolk, By L. F. Newman. 

The central and eastern parts of Norfolk are almost completely covered with 
drift, classified for mapping into thi’ee divisions by the Geological Survey 
Department : — 

1. Boulder clay. 

2. Sands and gravel. 

3. Loam and brick- earth. 

The soils of each, especially the boulder clay, vary very much in character 
and are extremely complicated, and small local differences occur even in soils 
resulting from the same type of drift. The sand and gravel soils are very apt 
to be cemented together by iron, forming a solid sheet of rock out of reach of 
the plough. This holds the water up, and peaty patches may occur completely 
altering the agricultural character of the land. In soil derived from the solid 
chalk the lime is often completely dissolved, leaving the soil actually deficient 
in lime. 

Woodward, in his memoir of the north Norfolk districts, says : ‘ Much of the 
soil of the central and western parts is of a changeable and mixed character, from 
the fact that the gravel and sand which originally extended over a very con- 
siderable part of it have left indication of their former presence in the soil. ’ 

And again *. * The glacial drift of this area comprises almost every kind of 
sedimentary and detrital fonnation, from chalk, mud, marl, clay, and loam, to 
sand, gravel, and boulder gravel. The map distinguishes as far as possible 
the marly and loamy beds from the sand and gravel; but at best this is a 
lithological division, and it is difficult to be consistently accurate even in this 
respect, for the beds give evidence of great disturbance and contortion, and also 
of abrupt change in lithological character. ... It is not possible to separate 
the gravel from the sand on the map, and even the boundary between the brick- 
earth and the marl or boulder clay is only approximate.’ 

The chalk outcrops along the north coast, and the resulting soils, which on 
the hilly parts are only about four inches deep, grow the best barley in England. 
In the valleys, however, the soil is deeper, probably due to a natural warping. 
A correlation of these soils has yet to be made out. 

Nearly all the surface drift is deficient in lime, and wherever the marl or 
chalky boulder clay is near the surface it has been dug into for the purpose of 
carting it on to the land. Practically the whole country has for many years been 
under the Norfolk or four-course system of fanning, and this rather obscures 
the natural capabilities of the land, hence the crop returns are less valuable as 
an indication of soil character and fertility than is usually the case. 

In making a soil survey the first step is to make a preliminary , tour, selecting 
samples from various parts, and afterwards going again over the land and taking 
a further series to fill in details and complete the chain of results. 

Such a preliminary survey of the drift showed that the loams and brick-earths 
had a strong likeness one to another. The percentages of the finer particles 
decrea^sed in each sample from east to west, which decrease was reflected in the 
gradual lowering of the rentals of the farms lying along the lines of sampling. 

The sand and gravel also fell into lines of : — 

1. High and low stone percentages. 

2. High and low percentages of coarse sand, the great quantity of which 
makes all the soils very open and inclined to ‘ burn. ’ 

Much of the gravel w^as under conifers or was common or waste land. 

The boulder clays showed very great variations, small areas showing similarity 
of composition but differing markedly from other areas a mile or so away. It 
would appear that a complete soil-map of the boulder clays would emphasise and 
explain some of the differences alluded to in the Memoirs of the Geological 
Survey. 


3. The Scouring or ‘ TearV Lands of Somerset. 

By C. T. Gimingham, FJ.G, 

' i In ^rtain districts of mid-Sonierset the herbage of much of the pasture land 
property of causing cattle feeding there to scour very seriously indeed 
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at certain times of the year. Such pastures are known locally as ^teart* or 
"tart* land, and their presence considerably lowers the value of farms in the 
district. The area of land involved may be very roughly put down as fifteen 
thousand acres, and since the whole of this part of Somerset is devoted to dairy 
farming and is nearly all pasture land, it is a problem worthy of attention, to 
investigate the cause, and, if possible, to find some remedy for this condition. 

The extent to which the scouring properties of the herbage are developed varies 
greatly in different places. Scouring and sound pastures are often intermixed in 
a very intricate manner. It is therefore not possible to make any reliable estimate 
of the actual financial loss which may be put down to this difScuIty. 

All kinds of cattle are affected, cows in milk being the worst sufferers. Lambs 
also scour badly. Sheep and horses, however, are exempt. 

Scouring is usually most prevalent in the autumn — ^when cattle are fed on the 
aftermath — and as a rule the more abundant the growth the more serious the 
trouble becomes, varying with the season. Also individual animals vary in the 
degree to which they may he affected. 

* Teart ’ land in Somerset is entirely confined to one geological formation, the 
Lower Lias. The typical surface soil on the Lower Lias here is an extremely 
stiff unyielding clay, with the blue or yellow lias clay subsoil not far below. 
Where this formation is obscured by deposits of alluvium or drift, giving rise to 
a soil of an entirely different type, the pastures are all quite sound. The physical 
natures of the soils of adjoining sound and ‘ teart ’ fields have been compared, and 
the results tend to show that this is a factor of much importance. 

So far it has not been found that the chemical composition of the herbage 
is peculiar in any way. 

Scouring on ‘teart’ land has been attributed to a variety of causes, among 
them the presence of some particular plant in the herbage, or a bad water-supply. 
Neither of these explanations, however, can be substantiated. 

The usual result of the application of manures to ‘ teart ’ pastures is to make 
matters worse with increased growth, and where large numbers of sheep are fed 
in these fields the same result is noticed. On the other hand, the first two or 
three sharp frosts remove all tendency to cause scouring from the autumn herbage. 

It is possible to ascribe the peculiarities of Heart’ land cither (1) to the pro- 
duction of abnormal compounds in the herbage affecting the animal, directly or 
indirectly, by causing unusual fermentations to be set up in the intestines ; or (2) to 
a specific organism picked up from the grass or soil. These two hypotheses, were 
compared and discussed. 


TVESDAY, SEPTEMBEB 6. 

The following Papers were read : — 

1. The Cost of a Day^s Horse Labour, By A. D. Hall, M,A.j F,R.S. 

2. Costs in the Danish System of Farming, 

By CkRISTOPHER Turnor. 


Joint Disctission with Section F on the Magnitude of Error in 
Agriculture Experiments, 

(i) Scientific Method in Experiment, 

By Professor H. E, Armstrong, F,E,S, 

(ii) The Interpretation of Experimental Results, 

By Professor T. B. Wood, If .4,, and F. J. M. Stratton, M,A, 
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(iii) The Accuracy of Feeding Experiments. 

By Professor T. B. Wood, M.A.^ and A. B. Bruce, 

Tn the published results of feeding experiments on the comparative merits of 
different diets for cattle and sheep there is a tendency to base conclusions on the 
average result of a single experiment with a small number of animals without 
regard to the degree of variability between different individuals. 

If no regard be paid to individual variability it is desirable either to experi- 
nient with a larger number of animals in each lot than has hitherto been customary, 
or to repeat the experiment several times. 

In the case of cattle a very usual number is six, and eight is practically the 
maximum. A consideration of the published figures for individual animals 
justifies the assertion thatd:hese numbers are so small that the average has very 
little weight. In fact, the individual variations are generally so large that it is 
doubtful whether trustworthy results can be obtained with fewer than twenty 
animals. 

A measure of the reliability of the mean result of an experiment can be 
obtained by calculating the probable error from the individual results.^ This is a 
measure of the variability, inasmuch as the figure gives the limits within which 
it is an even chance that Che mean will lie. Prom a consideration of the figures 
obtained in a feeding experiment carried out under the supervision of the 
Cambridge School it is shown how fallacious any conclusions based on the mean 
of a small number of animals may be. 

From a general review of feeding experiments it is suggested that an investiga- 
tion of the causes (and perhaps the heredity) of individual variations in the 
capacity for fattening might be likely to lead to practical and useful results. 

In arranging feeding experiments the common practice is to endeavour to select 
animals of equal weight and age and to make preliminary tests so as to pick out 
those of uniform fattening capacity. It is suggested that in order to ensure that 
the results of different experimenters should be comparable, either a uniform 
conventional method of selection should be adopted or selection should be avoided. 

(iv) The Sampling of Agricultural Products for Analysis. 

By Professor T. B. Wood, M.A., and A. B. Bruce. 

The discrepancy between the analyses of agricultural products published by 
different chemists may be due to divergent methods of taking samples. It is 
accordingly desirable to give some consideration to the law of error in this 
connection- 

To illustrate and explain the application of this law to sampling, certain 
figures obtained in an investigation into the composition of mangels are given. 
The most important formula in this connection is that which states that the 
accuracy of the analysis of a sample taken from a number of individuals is 
proportional to the square root of the number of individuals comprised in the 
sample. Thus, if a certain sample gives a probable error of r, and it is desired to 
obtain a figure for the mean with a probable error of the sample should consist 
of four times as many individuals. The mangel results referred to above are 
used to prove the accuracy of this statement. 


(v) The Error of Experiment in Agricultural Field Trials. 

By A. D. Hall, F.E.S., and E. J. Russell, B.Sc. 

Analysis of the causes of error show that they fall under several heads : — 

(a) Lach of uniformity in the soil . — ^Even on a level field where no obvious 
variation occurs analysis shows that there are certain differences in different 
parts of the field. A sensitive and at the same time simple test is to ascertain 
the p^centage of moisture in samples of soil collected to the same depth — six or 
nine inches— and as nearly as can be at the same time. The differences commonly 
amount to five (or in dry fields to ten) per cent, of the moisture present. Another 
factor, greatly infiuenood by variations in the soil is the amount of nitrate present. 
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This affords an even more sensitive index of variation, since it depends on all 
the conditions favouring plant growth — ^moisture, temperature, air-supply, and 
foodstuffs, these being necessary for the production of nitrate—and also on the 
amount of water washing through the soil, nitrates not being retained like 
ammonium salts. Here, also, differences are found of the order of 5 or 10 per 
cent, of the amount present on fields that appear to be uniform. These differences 
may be accentuated where there is a dip in the field. 

Variations in the field arise partly from natural and partly from artificial 
causes. So many agents come into play in soil formation that uniformity can 
hardly be expected. Further, the purely artificial operations, such as tilling, 
cropping, manuring, and folding, have a profound effect on the soil, persisting 
for some years. . Frequently the treatment has not been uniform over the whole 
field. Drainage, whether artificial or natural, is rarely uniform : dui’ing a very 
wet winter it is not uncommon to see places in the field where wheat has been 
affected by differences arising either from lines of good drainage or patches of 
bad drainage. In other seasons the differences still exist, though not to so 
marked an extent. 

(&) Lack of uniformity in the conditions of growth. — The conditions of the 
outside row of a plot differ from those obtaining inside the plot, and those on 
the outside of the field are much modified by the competition of hedges and 
trees. These difficulties can, however, be obviated. The unequal incidence of 
disease is sometimes very troublesome. 

(c) Effect of season. — In manurial trials it is possible after a number of years 
to allow for the effect of season in a general way, especially as our knowledge of 
the properties of fertilisers increases. But in variety trials the problem is much 
more difficult, and cannot yet be said to be solved. 

Total magnitude of the error of experiment. — An examination of the Eotham- 
sted records shows that the error is 10 per cent, on plots where the past treat- 
ment has for many years been uniform, where aU weighing, measuring, and other 
operations are performed with the utmost care, and where the general conditions 
are favourable for experimental work. Having regard to these considerations 
and the difficulties often encountered in field trials, the authors would not be 
prepared, as a general rule, to lay stress on differences of less than 15 per cent. 

(yi) The Application of the Theory of Errors to Investigations on Milk. 

By S. H. Collins. 

This paper vras intended as a demonstration of the uses to which the theory of 
errors can be put. The theory of errors was applied to measurements of specific 
gravity, fat and total solids, vrith compound measures derived from them. 

Lactometers were compared with a large plummet on a good balance giving 
the probable variation from the plummet of a single reading on the lactometer with 
the following results : — 

1 small lactometer 1® = 1 mm., ± 2 degrees lactometer 
6 special lactometers 1° = 3 mm., ± 0*55 „ „ 

8 „ „ 1® = 1 cm., ± 0*18 „ „ 

1 Westphall balance ± 0*47 „ „ 

Total Solids. — There are many sources of error in this determination. The 
rate of evaporation appears to be one of the large causes of error, but the rate 
of evaporation is itself dependent on many causes. Without attempting extreme 
variation of detail, but simply drying milk under such varying conditions as 
prevail in good laborateries, the probable variation of a single deterinination from 
the mean is found to be ± 0*068 per cent. Where work is carried out imder 
rigidly uniform conditions the variation from the mean of one laboratory will be 
less, but for purposes of comparison between one laboratory and another the value 
given is not unreasonable. 

Pat .' — ^The probable variation of one determination by Gerber from the mean is 
± 0*036 per cent. fat. 

1910. 
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Profagation of Errors . — ^The €rror of solids not fat is found from the above 
data, and the formula R® = Tj® + . . . to be ; — 

By total solids . . • ± 0*077 per oent. solids not fat 

By lactometer 1® = 1 mm. db 0*5 „ „ „ 

By „ 1° = 1 cm. ± 0*045 „ ,» „ 

The method was next applied to that part of the inaugural dissertation of 
J. H. Hinchcliff which attempts to measure the difference between calculated and 
found total solids. The error of such a difference is about ± 0.13, whilst nearly 
one-half of the observations fall within those limits. There is therefore no 
evidence that the use of the formula for calculating the total solids of the milk 
of one cow or one milking will not give close results. When the average of several 
milkings is taken the error is reduced, and the conclusions based on such averages 
are justified. 
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Section C.— GEOLOGY 

Pbesident oe the Section. — Professor A. P. Coleman, M.A., PI1.D., 

F.E.S. 


THURSDAY, SEPTEMBER 1. 

The President delivered the follo-vving Address : — 

The History of the ‘ Canadian Shield' 

Can there be any greater contrast than Pleistocene boulder clay resting on 
Archaean gneiss, the latest of rocks covering the earliest, with almost the whole 
known history of the world in the interval between? It is a fascinating occupa- 
tion for a geological dreamer to sit on some hillside in Scotland or Pinland or 
Northern Canada, where the schists and gneisses rise in rounded ridges or bosses 
through boulder clay, and ponder on all the strange happenings that separate the 
clay from the rock beneath. 

The clay melSag from its enclosed, boulders under the frosts and rain seems 
the very emblem of the fleeting things of yesterday ; while the Archsean gneiss 
and greenstones are the type of the solid, imperishable framework of the earth, 
on which all the later rocks rest. 

The boulder clay recalls the white surface of a Continental ice-sheet with 
summer blizzards sweeping across it like those of the Antarctic tableland; while 
the gneiss beneath tells of a molten magma cooling during millions of years 
beneath miles of overlying rock. 

It is the meeting-place of the geological extremes, and their contact marks 
the greatest of all discordances. 

One thing the clay and the gneiss have in common — ^both were long neglected 
by geology; the Pleistocene beds because they were not rocks, but oi3y ‘drifts,* 
confused and troublesome things, hiding the real rocks, the orderly stratified for- 
mations ; the ‘ basal complex * because its schists and gneisses were fossil-less, com- 
plex, and mysterious products of the dim beginnings of a world still ‘without 
form and void.’ The molten sphere, with its slowly consolidating crust, belonged 
rather to the astronomer than the geologist. 

Geology has, of course, long lost that attitude, and now finds some of its most 
seductive problems in these once neglected extremes of the earth’s history. Those 
who distrust the ‘glacial nightmare* are now very few in number; but there 
are still revered veterans, like Professor Rosenbusch, who speak of the Archaean 
gneisses as parts of the earth’s Erstarrungskrustef and who frame theories of the 
earth’s cooling and wrinkling in its hot and furious youth. 

Over more than half of Canada the field geologist is forced to occupy himself 
with both the Pleistocene and the Archaean, since the two are almost everywhere 
together, while the fossil-bearing beds of the vast intervening time are absent. 
The seemingly unnatural conjunction is not entirely without advantages, for the 
Pleistocene has furnished the clue to certain very puzzling problems of the 
Archaean, as will be shown later. 

The geologists of the world have long known the broad outlines of the 
Canadian Arcfisean or Pre-Cambrian area through Suess’g masterly portrayal of 
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the * Canadian Shield,* and through Dana’s account of the * V Formation,* about 
which the North American Continent was built up. 

It must be remembered, however, that, though most of the territory has been 
roughly traversed by Bell, Tyrrell, Low, and other explorers, only a few dis- 
tricts in the south have had their geology worked out in detail, because of their 
valuable deposits of silver, nickel, and iron ores. It is only in these districts and 
comparatively recently that the succession of Pre-Cambrian formations has been 
determined with certainty. In the wide spaces of the north only the most general 
relationships are known. 

It is intended to bring together here our^ knowledge of the most ancient 
chapters in the history of North America as disclosed by recent field-work. 


Physiographic Features, 

In its physiography the Canadian Shield shows the features that might be 
expected from one of the oldest and most stable land areas of the world. It was 
reduced in very early times to a peneplain, but later was elevated, permitting the 
rivers to begin a process of dissection. This process had a recent interruption 
by the Pleistocene Ice Age, which blocked many of the valleys with moraines and 
gave rise to the most extensive tangle of lakes in the world. Physiographically as 
well as geologically, the region shows a dramatic mingling of extreme youiih 
with extreme old age. 

The best account of this rejuvenated peneplain has been given by Dr. A. W. G. 
Wilson,^ who shows that the gradients are very gentle, and suggests that two or 
more facets can be distinguished as having slightly different inclinations and as 
having been carved at different times. Here it will be unnecessary to take the 
matter up except in a general way. 

The peneplain has been unequally elevated, parts standing 3,000 or 4,000 feet 
above the sea, and other parts sinking beneath its surface. Only at two marginal 
points can the Archaean surface be said to rise as mountains — in the Adirondacks, 
projecting south-east into the State of New York ; and in the Nachvak peninsula, 
just east of Ungava Bay. 

To the south-west and south the shield sinks, almost inperceptibly in many 
places, beneath the older Palaeozoic rocks, and the same is true around the 
central depression of Hudson Bay. Towards the south-east the shield breaks off 
suddenly along the great fault of the Lower St. Lawrence, and apparently the 
precipitous north-east shore of Labrador indicates faulting on even a larger scale. 
It has been suggested that Greenland, the Highlands of Scotland, Scandinavia, 
and Finland may have been parts of a single great shield, now separated through 
the settling down of the sea-bottoms. 

In detail the region m full of variety of hill and valley, Waterfall, river, and 
lake ; but, on the whole, it is monotonous to the ordinary traveller from the con- 
stant repetition of similar fonns, since there are no real mountain ranges and 
few outstanding * monadnock * hills to break the sky-line. The sweep of horizon 
from every hilltop seems horizontal, the summits around seldom rising more 
than 200 or 300 feet above the valleys, and all reaching nearly the same elevation. 

The geologi§^t finds, however, that this impression of general flatness is 
deceptive. In reality the rock structures are usually more nearly vertical than 
horizontal, as in most Archaean regions. The schistose rocks, which form so 
much of the surface, commonly show dips of more than 60®, so that it is clearly 
a mountain region planed down to its foundations. The arrangement of valleys, 
ridges, and hills generally follows more or less closely these ancient rock forms. 

Geological Structure, 

Until recently most of tlie geological work done in this northern territory has 
been track surveys following Indian canoe routes- Here and there moraines or 
old lake deposits hide the rocks for a space, but usually the geology is admirably 
Splayed as one’s canoe threads the intricate waterways of sprawling lakes 
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spilling over from one irregular basin into another. On entering a new district 
there seems a hopeless confusion of pinkish gneiss and grey-green schist, but 
presently orderly forms take shape upon the map as the numberless bays and 
islands are explored, and the ground plan of vanished mountain ranges begins 
to show itself. Dr. Andrew C. Lawson, in his brilliant study of the Lake-of-tlie- 
Woods and Kainy Lake regions in 1884 to 1888, first brought out distinctly the 
relationships; and later work has added greatly to our knowledge of these 
ancient structures. 

The typical arrangement is that of rounded or oval batholiths of gneiss, or 
of granite merging at the edges into gneiss, with schists dipping steeply away 
from them on all sides. Where the batholiths approach one another the green 
schists occupy narrow troughs between. As shown by Lawson, they are evidently 
the bottoms of synclines nipped in by the rising areas of granite and gneiss. 
Round these eruptive masses the schists have a strike parallel to the edge of 
the gneiss, so that they do not form ordinary synclines, but widen and narrow 
and swing in curves to adjust themselves to the varying relations of the 
batholiths. The meshes of green schist are often not complete, the curving ends 
feathering out’ to a point. In such places erosion has eaten the surface down 
below the bottom of the syncline. 

The batholiths in Western Ontario are of all sizes, from a mile to 60 miles 
or more in diameter, and they are commonly somewhat elongated from west to 
east or from south-west to nortlyeast. They do not always follow one another 
in orderly succession, but may lie scattered irregularly, almost like bubbles on 
foamy water. Yet on the large scale one can recognise a general trend in the 
direction of the longest axes of the batholiths, and the average strike of the 
schist in the various regions lies between 50® and 80® east of north, conforming 
to the same direction. This general east-north-east trend of the basement struc- 
tures doubtless reveals the axial relations of the Archaean mountain ranges. 

It is sometimes stated that the so-called V formation of North America 
was made up of two ranges converging toward the south, the easterly arm of 
the V parallel to the Appalachian mountains and the westerly one to the Rocky 
Mountains. The structural arrangement just outlined does not confirm this 
view, but suggests irregularly parallel chains, cutting the direction of the 
Rockies at about right-angles and that of the Appalachians at an acute angle. 

Of what kind were the mountains erected on these bubble- like foundations of 
gneiss, set in meshes of schist? In many places they do not seem to have 
formed continuous ranges such as those of the Rockies, but rather groups of 
domes of various sizes. Some of them were comparatively low; others seem to 
have been lofty, though broad. Of the low ones the best known is that of the 
Grande Presqu’ Isle in the Lake-of-the-Woods, an oval of gneiss 18 by 32 miles 
in dimensions. Here the up-swelling could not have been great, since the schists 
dip away from the gneiss at low angles all round, and patches of green schist, 
remnants of the roof, or perhaps of unusually large blocks stoped from above, 
are found here and there in the interior. 

On the other hand, the Rainy Lake batholith, 30 by 50 miles in dimensions, 
must have risen as a lofty dome, since the surrounding schists dip away at high 
angles (60° to 90°). The arch of which they were the bases must have swung 
thousands of feet above the present surface of the batholith. Passing inwards 
from the Keewatin one finds at first immense slabs of the schist shifted a little 
and enclosed in gneiss, then bands of green material with softened edges, and 
finally darker cloudy streaks in the gneiss representing more perfectly digested 
bands. As Lawson has shown, the outer edge of the batholith is of greyish 
hornblende syenite gneiss or hornblende granite gneiss, while the interior is of 
ordinary mica granite gneiss. The outer part has absorbed a certain amount of 
basic Keewatin material. 

One cannot doubt that this zone of green schist fragments, followed by greyish 
hornblende rock, originally extended over the dome as well as round its edges. 
In the middle there is now a width of 10 or 12 miles of the ordinary Lauren- 
tian gneiss. This implies, of course, that the upper part of the dome, afterwards 
removed, was several miles in thickness, and that the mountain mass rose 
correspondingly above the- synclinal valleys. . It must not be assumed that the 
dome had a regular surface, nor that it was unbroken. Such a batholith as that 
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of Rainy Lake was not made by a single sudden up-welling of granite^ but by 
a long succession of slow inflows from various quarters. Meantime the rocks 
above must have been stretched and fractured during the long ages of elevation, 
and must have been exposed to the usual destructive forces, which may even 
have kept pace with the elevation during its late stages when differences of level 
became pronounced. 

The coarse-textured granitoid gtieiss making up the batholith must have cooled 
at great depths and exceedingly slowly. 


The Raising of the Domes* 

Some curious dynamical problems are involved in the raising of the domed 
mountains. It is conceivable that fluid lava could be forced by the unequal 
pressure of shifting mountain bloclcs through a suitable system of pipes into 
oisterns, so as to form laccolithic domes, but no such mechanism seems possible 
with batholiths. The granite of the batholitlis was plastic rather than fluid, as 
shown by its having been dragged into the gneissoid structure. The areas 
affected covered sometimes 1,000 square miles. We know of no system of dykes 
to serve as pipes or passages, of no solid floor beneath, of no faulted blocks to 
provide the pressure. It is generally assumed that the protaxial granites and 
gneisses in great mountain ranges have risen bec§,use of the relief from pressure 
beneath anticlines due to lateral thrust. It is doubtful if these irregularly 
scattered ovals, sometimes 30 miles across, can be adjusted to any system of 
anticlines. 

Some years ago I ventured another explanation. Granite is specifically 
lighter than most of the greenstones and schists of the Keewatin; and molten 
granite, even if not at a very high temperature, as lighter than the relatively 
cold rocks above it. If the rocks above were unequally thick, so that some 
areas were less burdened than others, it is conceivable that these differences in 
gravity might cause the granite to creep slowly up beneath the parts with the 
lightest loads, while the overlying rocks sagged into synclines in the heavily 
loaded parts. ^ 

Whatever their cause, these oval batholiths enclosed by meshes of schist are 
the most constant feature of the Canadian Archaean, though in many places 
erosion has cut so deeply that the meshes have all but disappeared, leaving only 
straight or curving bands of hornblende schist enclosed in the Laurentian gneiss. 
Yery similar batholithic relations of the Laurentian with the Grenville series of 
Eastern Ontario are described by Lrs. Adams and Barlow, though the batholiths 
are generally much smaller. Batholithic mountains were typical of the Archtean 
in North America, and, at least in some cases, also of Archaean regions in other 
parts of the world. 


Subdivisions of the Canadian Pre-Cambrian. 

Until recently the rocks of the Canadian Shield were usually divided into 
three parts— the Laurentian, the Huronian, and the Animilde and Keweonawan 
— ^the last two being only doubtfully included in the pre-Oambiian. These three 
divifiions are still the only ones shown on the latest general map prepared by 
the Geological Survey. Lawson’s separation of the Keewatin as a lower group 
than the Huronian was generally recognised as valid, but in practice the sub- 
division of the two in mapping was difficult, and was only carried out in detailed 
surveys. His proof that the Laurentian was eruptive and later than the Keewatin 
was accepted. 

As the classification adopted by the American geologists in the Lake Superior 
region differed from that used in Canada, a Correlation Committee was appointed 
five or six years ago to draft a compromise, which runs as follows : — 


1 Bull, Geol Soc. Am,, voL ix. pp. 223r-238. 
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Reweenawan 

Unconformity 

/Upper (Animikie) 

Unconformity 
Huronian < Middle 


Unconformity 

^ Lower 
Unconformity 
Keewatin 

Eruptive Contact 
Laurentian 


This compromise system is now generally in use in Canada, though if Canadian 
relationships alone were considered the Animikie would be separated from the 
Huronian and placed closer to the Keweenawan, and the Laurentian would be 
treated as consisting of eruptive rocks frequently later in age than the Lower 
Huronian. 

The most natural classification for Canada would be as follows ; — 

Keweenawan 

Unconformity 

Animikie 

Great Unconformity 

H— ISS 

Great Unconformity 
Keewatin 

Laurentian =:Post-Keewatin or Post-Huronian granite and gneiss. 


The laccolithic domes described on previous pages were formed partly in the 
interval between the Keewatin and the Lower Huronian, but mostly later than 
the Lower Huronian. Over much of the shield, however, our knowledge of the 
relations is not sufficient to separate the mountain structures of the two ages. 

Let us now consider the history of the region during the successive periods 
suggested above. 


Conditions during the Keewatin. 

One naturally asks what the conditions were in Keewatin times before the 
earliest known laccolithic mountains were raised. The granitic texture of the 
eruptives implies very slow cooling under great pressure. The old interpretation 
of these rocks, following the usual conception of the nebular hypothesis, made 
thorn parts of the earth’s original crust, which cooled under the tremendous 
weight of an atmosphere including everything volatile at red heat, an atmosphere 
200 or more times heavier than at present. We know, however, that this cannot 
apply to the Laurentian gneisses of Canada, since they push up eruptively through 
great thicknesses of older rocks — the Keewatin in the north and west, and the 
Grenville series in the east, including large amounts of water-formed deposits. 
Though these older rocks are now found only on edge in synclines protected on 
each side by domes of gneiss, there can be no doubt that they once spread out 
wide and flat on the surface of the earth. 

The* eruptives of the Keewatin have received most attention, but sedimentary 
rocks occur in it at all levels and with thicknesses of hundreds or thousands of 
feet. They include Lawson’s Couchiching, with its great areas of mica schist 
and gneiss formed from what were originally muddy and sandy sediments. In 
other places quartzites and arkoses, slates and phyllites, represent less meta- 
morphosed clastic materials. The slate is often black with carbon. In the north- 
west there is little limestone or dolomite, but the Grenville and Hastings series 
of the east, which are probably in part of Keewatin age, contain thousands of 
feet of limestone. All the ordinary types of sedimentary rocks were being de- 
posited on the Keewatin sea bottoms, and one type unlike modem sediments — 
the banded silica and magnetite or hematite of the ‘iron formation.’ The rock 
last mentioned belongs to the top of the Keewatin, and is very widespread. Its 
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crumpled jaspers have attracted much attention because of their association with 
iron ore, but in reality the other varieties of sedimentary rocks are present in 
far greater amount both as to thickness and extent. 

In almost every part of the western region there are associated with the 
rudiments great sheets of basic lavas, agglomerates, and ash rocks, as well as 
smaller amounts of quartz porphyry, &c., showing that the Keewatin was one of 
the periods of great volcanic activity in the world’s history. It is somewhat 
puzzling to find these predominantly basic volcanics in the Keewatiiij while all 
the underlying eruptives of the Laurentian are decidedly acid, chieiiy granite or 
syenite in composition. 

The extensive sedimentary and eruptive rocks of this earliest formation imply 
that the ordinary geological processes were at work at the very beginning of 
known geological time, before the Archaean mountains came into existence. There 
must have been broad land areas where rocks like granite or gneiss weathered to 
mud and sand, probably under a cool climate, for the greenish arkoses and slates 
charged with carbon suggest cold rather than heat. 

In the north-west volcanoes were active, but the east was comparatively free 
from eruptions. Both volcanic ash and ordinary clay and sand seem to have 
been spread out on the sea bottom in the Lake Superior region, and probably sea- 
weeds throve in the mud. In the Grenville region the waters seem to have been 
clearer, and limestones were deposited on a very large scale, sometirnes pure, but 
often muddy and mixed with a good deal of carbon, so that fucoids probably 
flourished here also. 

If we reconstruct the conditions of the Keewatin we must then assume conti- 
nents which have entirely vanished, on which weather, rain, and rivers worked, 
sweeping sediments down to the shallow or deeper seas to be spread out on a 
bottom which has also disappeared. The sediments and lavas and tuffs may be 
said to rest on nothing, for the once fluid or plastic Laurentian gneiss, cradling 
their synclines and pushing up from beneath them, could not have been the foun- 
dation on which they were laid down. Though the floor on which they once rested 
has nowhere been found, one may be certain that its materials included silica, 
alumina, and alkalies in the right proportions to fuse into a granitic magma, and 
this is practically all that is known of the pre-Keewatin world in Canada. 

Bise and Fall of the Early Laurentian Mountains. 

After the work of the volcanoes, of rain and frost and rivers, of winds and 
tides and currents, had piled up miles of rock in Keewatin times there came a 
great upheaval of mountains over thousands of square miles of the early Archaian 
surface. Possibly the earth was already shrinking through loss of volcanic 
material and of the steam and gases that exhale in eruptions. The Atlantic floor 
may have been settling down, thrusting inwards from the south-east, pushing up 
the weakened earth’s crust beneath the shield into mountain rows ; or it may be 
that some other cause must he sought for the somewhat haphazard domes which 
arose over such wide areas. 

It may be suggested that the many thousands of feet of lava and stratified 
materials had so blanketed the lower-lying rocks that the heat from beneath crept 
up into them, softening and semi-fusing them, until in the slow lapse of time they 
began to flow sluggishly, ascending to form^the wide-based domes of the Lauren- 
tian mountains. The source of the internal heat need not be discussed here. 
Uranium, with its various progeny, may have been as active then as now, or a 
more rapid axial rotation may have kneaded the discrete particles of a mass of 
planetesimals, and so warmed them up to the heat of fusion. 

Then followed the deliberate and almost complete destruction of the great 
mountain system during a long period of time which has left no known Canadian 
record. The sediments derived from this destruction may have been piled on the 
bed of the Atlantic as it sank. It is possible that Sederholm’s Bottnian in Fin- 
land may partially fill the gap. 

Whatever disposal was made of the dibris^ several thousands of feet must 
have been carved from the mountains and swept out of view during the immense 
vr^eh separates the Keewatin and early Laurentian from the Lower 
i lor the next series of rocks rests with a great discordance on the 
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upturned edges of the synclinally disposed Keewatin schists and the truncated 
domes of Laurentian gneiss. 


The Huronian. 

The Lower Huronian has very different relationships from the Keewatin. 
Where least disturbed, as north of Lake Huron and in the Cobalt region, the 
floor beneath it is often well preserved. Dr. Miller has shown that at Cobalt the 
surface of Keewatin and Laurentian was hilly or hummocky before the basal 
conglomerate of the Lower Huronian was deposited; and Professor Brock, in 
describing the Larder Lake district to the north, refers to * the clean-swept and 
often rounded surface of the older rocks on which it is frequently laid down. ’ ^ 

The basal conglomerate of the Lower Huronian contains pebbles and boulders 
of all the Keewatin and Laurentian rocks that went before, and among them 
are found beautifully striated stones. It is the oldest known boulder clay or 
tillite. The vast period of subaerial destruction that carved away the early 
Laurentian mountains ended in a glacial period, whose ice-sheets covered many 
thousands of square miles of North America, just as the last great period of 
peneplanation ended with the Pleistocene ice-sheets. 

It is not a little impressive to see modern till resting on the Huronian tillite 
and including fragments of it as boulders. It is possible to break out from the 
modern glaciated surface stones whose underside received their polish and striae 
in the Lower Huronian, while their upper surface has been smoothed and 
scratched by Pleistocene ice movements. 

At Cobalt the tilHte is accompanied by slate, which may be compared in all 
essential characters except hardness- with the stratified clay of adjoining lake 
deposits of Pleistocene Age. The most recent and unconsolidated beds make 
clear the origin of some of the most ancient and, in appearance, most different 
rocks in the world. 

In the Lake Huron region the action of ice was probably followed by an 
invasion of the sea, for the tillite is succeeded by thousands of feet of quartzite, 
arkose, and conglomerate, and by a few hundred feet of limestone. Possibly much 
or all of the limestones of the Grenville and Hastings series, which Dr. Adams 
reckons among the great limestone formations of the world, were formed at about 
the same time. 

The Middle Huronian (Logan’s Upper Huronian) is separated by a basal con- 
glomerate, possibly glacial, from the Lower Huronian; but the break does not 
seem very profound, and the rocks do not differ much from those just described. 

The least changed parts of the Huronian extend as a wide band for 200 or 
300 miles north-east of Lake Huron, and in this area the uneven surface of 
Laixrcntian and Keewatin beneath the Lower Huronian boulder clay preserves for 
us a portion of the earliest dry land, the earliest peneplain known in America, and 
possibly in the world. This band has remained comparatively stable, while, so 
far as our information goes, all other parts of the Canadian Shield have undergone 
violent changes. 


Rise of the Late Laurentian Mountains, 

The Lower Huronian tillite has been found in many places throughout the 
Archaean region, over a stretch of 1,(X)0 miles from east to west, and 700 miles 
from north to south; so that in all probability deposits like the Pleistocene till 
covered most of the surface. 

Everywhere, however, except in the band extending north-east from Lake 
Huron, it seems to have been involved in later mountain building, and has been 
so sharply folded in with the Keewatin as to destroy the appearance of uncon- 
formity. It is instructive to note that so long and momentous an interval was 
entirely overlooked by geologists or treated as of small importance until a few 
years ago. There is usually no angular discordance to be observed, and the 
secondary schistose structures of Keewatin and Huronian are similar and parallel. 
The Huronian boulder conglomerate has often been rolled out to a schist in which 
only the harder boulders can be recognised as lenses; and sometimes even they 
are lost entirely, so that no evidence of discordance i^'emains. 

1 Bnr, Mines, Ont, 1905, p. 31, 
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It is evident that the invasion of the later Laurentian granites and gneisses 
was fi'.coompanied by very important dynamic and metamorphic effects. Most of 
the foatholithic domes of North-western Ontario are post-Lower Huronian, and 
date perhaps from the Middle Huronian or the interval between it and the Upper 

Huronian (Anirnikie). ^ ^ • i. -u* i. 

The granites and gneisses of this second time of mountain^ building have not 
been distinguished in mapping from those of the first in most places ; and as they 
are both of precisely the same habit it will probably never be possible to separate 
them completely. Thus far both have been included under the name Laurentian, 
which must be considered as I’epresenting a lithological facies rather than a 
geological period. It may be, however, that the formation of batholithic moun- 
tains never really ceased from the end of the Keewatin to the end of the Lower 
Huronian. As the rocks called Laurentian are entirely eruptive,^ they should not 
be limited to a definite time, but only to a definite set of conditions as to com- 
position, rate of cooling, and amount of pressure. 

As in the earlier cycle, the period of mountain-building was followed by a 
period of destruction, ending in a peneplain of very wide extent. 

The Anirnikie or Pp^er Huronian, 

The interval between the lower formations and the Anirnikie is of great 
magnitude, perhaps even greater than that between the Keewatin and the Lower 
Huronian ; and Lawson has suggested for it the name of the Eparchaean Interval. 
The Anirnikie has not been found resting on the Middle Huronian in Canada, so 
that this formation may partly bridge the chasm. Unless the Middle Huronian 
quartzites include part of the products of erosion we have no evidence as to the 
disposal of the many thousands of cubic miles of materials removed from the later 
Laurentian mountains. 

The Anirnikie begins in most places with a thin basal conglomerate lying 
almost horizontally on the upturned edges of the previous schists and gneisses. 
Above this come chert, black slate, and other sediments, sometimes to the extent 
of 8,000 or 10,000 feet. The slate often contains carbon enough to make an 
important coal region if collected in definite beds. 

The whole no doubt implies a transgressing sea, which ultimately must have 
covered a very large part of the Canadian Shield, since rocks of this age are 
found over wide surfaces north-west of Lake Superior, near Lake Mistassinni, 
in the heart of Labrador, on the east side of Hudson Bay, and near Great Bear 
and Dubaunt lakes. These rocks are found in Labrador up to 1,675 feet above the 
sea. This level, if extended in all directions, would submerge three-fourths of 
the Archman peneplain. 

At present these areas, though large, are widely separated; and it may be 
rash to assume that even soft, easily weathered rocks, like the Anirnikie slate, 
could have been completely removed from the intervening spaces. It is probable, 
however, that less than half of the Archsean then remained as dry land. 

The Keweenawan, 

There is an interval marked by a sm^ll discordance and a basal conglomerate 
between the Anirnikie and the Keweenawan, but the break in time was apparently 
not great. The two groups of rocks often occur together, though in many places 
the Keweenawan sediments overlap on to the Archman, as in the neighbourhood of 
Lake Nipigon. Most of the Keweenawan sedimentary rocks are of shallow-water 
varieties, such as sandstone and conglomerate. At various places on the north- 
east shore of Lake Superior a coarse basal conglomerate is found as remnants 
preserved in small valleys or ravines in the granite. The ancient surface is now 
in process of resurrection by erosion, and the boulders once rolled on a Keweena- 
wan shore are being freed from their matrix and once more set in motion by the 
waves of Lake Superior. 

The Keweenawan, like the Keewatin, was a time of vigorous volcanic activity, 
and in most places the lava-sheets and laccolithic sills of diabase connected with 
therr eruption far surpass the sediments in amount. The volcanic rocks are 
generally basic in character, and probably most of the diabase dykes widely found 
in almost all parts of the Canadian Archsean are of this age. The important 
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deposits of copper, nickel, and silver in Northern Canada are closely bound up 
with the Keweenawan basic volcanic rocks or with deeper-seated diabases probably 
of the same origin. 

Here, as in the Keewatdn, we are confronted with floods of basic lava coming 
up from unknown sources through the acid Laurentian gneiss. Do these basic 
lavas represent he^ier segregations settling to the bottom duiing the slow move- 
ments of the granitic magma as it climbed into the Archaean batholiths? One 
might imagine these heavier and more liquid parts sinking beneath the lighter, 
more viscid, magmas of the domes, and remaining fluid until the mountain masses 
above had become completely solid. The supposed thrust from the Atlantic basin 
to the south-east might then bring strains to bear on the solid crust, more or less 
shattering and shifting its masses, squeezing up the still molten diabase through 
all the fractures and pores. 

Several remarkable basins were formed in the Archrean peneplain by the 
ascent of these lavas, permitting the massive roof which formerly covered them 
to collapse by block faulting or by the formation of an irregular syncline. The 
basin of Superior seems to be of this nature. It is still rimmed by the Keweena- 
wan lavas, sometimes accumulated to the thickness of 50,000 feet. Just to the 
north is the smaller basin of Lake Nipigon, with its edges and islands of diabase 
sheets ; and to the east, near Sudbury, is the extraordinary synclinal basin, with 
which the great nickel mines are connected. These basins seem to have resulted 
from the collapse of the solid crust because of the removal of support when basic 
eruptives ascended from beneath. 

PalcBOZoic History, 

The exact, relation of the Keweenawan to the Cambrian is somewhat in doubt, 
though most geologists make at pre-Cambrian. The St. Mary’s, or Lake Superior, 
sandstone, which rests upon the Keweenawan with a slight discordance and 
overlaps upon the Archaean, is generally called Cambrian ; it contains no fossils 
and occurs only along the shores of Lake Superior and St, Mary’s River, so 
that its position in time is uncertain. 

Potsdam sandstone, either Upper Cambrian or Lower Ordovician, rests upon 
the planed-down Archaean sm'face at the Thousand Islands and other points in 
Eastern Canada, often with a conglomerate at its base | and undoubted Ordovician 
limestones feather out upon the Laurentian all the way from Saskatchewan and 
Manitoba on the north-west through Ontario to the city of Quebec on the east. 
These limestones represent an important transgression of the sea upon the 
Canadian Shield. Appareiatly the old hummocky surface was often pretty 
cleanly swept, so that limestone with very little fragmental material, rests 
immediately upon the gneiss, but in other cases there is arkose or a basal 
conglomerate of Laurentian materials. 

Ocoiisionally Archajan hills rise island-like through the ehaly limestone, which 
tilts away quaquaversally, as if the hill had protruded through the sediments. 
This appearance is probably due to the settling and shrinking of the mud in its 
consolidation to (rock. Drill-holes east of Lake Ontario show that there were 
valleys hundreds of feet deep between these Archpean hills, so that in this region 
the peneplain was far from complete. These inequalities may be considered foot- 
hills of the Adirondack mountains further east. 

There is reason to believe that before the close of the Ordovician the sea 
crossed from the region of Lake Winnipeg to Hudson Bay, flooding all the lower 
parts of the shield ; but probably most of Labrador and part of Franklin, north- 
west of Hudson Bay, remained as dry land. 

The Silurian follows on the Ordovician without a discordance, and at this time 
the sea probably submerged an even larger part of the shield, since the Silurian 
limestone of James’s Bay is only 250 miles from that south of the Great Lakes, 
and there are two outliers between— -on Lakes Nipissing and Temiscaming. It 
may be added that the highland of Silurian limestone crossing Southern Ontario, 
with a bold escarpment facing north-east, rises hundreds of feet higher than the 
watershed towards Hudson Bay. The escarpment facing the Archeoan ‘ old land ’ 
corresponds to the Scandinavian * glint,’ and has a similar relation to the lakes of 
the Archscan border. 
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The Devonian Sea also encroached south of Janies Bay and along the south- 
west side of the shield from Clear Lake, in Saskatchewan, to Great Bear Lake. 

What took place on the Archrean continent while the coal forests flourished on 
the lowlands to the south and to the far north is unknown, since no carboniferous 
rock has been found on its surface. 

Pi 

Mesozoic and Genozoic History. 

Early Mesozoic times are a blank, but a few small outcrops of Cretaceous 
rocks resting on the Archaean toward the south-west show that portions of its 
rim were once more under water. Dr. Wilson believes that an irnportant facet 
of the peneplain should be dated from the Cretaceous, since planation was going 
on in parts of the United States at this time; but no positive evidence of this 
is at hand. 

Nor is there any evidence as to its history in the tertiary before the oncoming 
of the Ice Age of the Pleistocene, when its whole surface was scoured more than 
once by great glacial sheets. The mantle of decayed rock which must have accumu- 
lated during the long dry land stage was almost completely swept away, leaving 
the rounded surfaces of ancient rock fresh and clean beneath the boulder clay. 

In an important inter-glacial interval "hiUd in post-glacial times much of the 
morainic material was assorted in great lakes whose shore and deep water 
deposits cover large parts of the surface. With the departure of the ice the sea 
once more transgressed upon the lower parts of the shield, but the land has been 
rising since, leaving a belt of marine deposits up to about 600 feet around the 
shores of Hudson Bay, the St. Lawrence, and the Atlantic. 


How much of the Shield has been Covered ? 

It is generally stated that the Canadian Shield has been dry land since the 
Archsean, and hence that erosion has been taking place ever since that time. 
This is probably true for part of the north-eastern portion of the shield and 
perhaps also the north-western, but much of the area, especially toward the south, 
was buried in early days under Palaeozoic sedimentary rocks, and so protected 
from further destruction. These sediments are still being slowly stripped from 
the Archsean in many places. 

This may account for the greater proportion of Huronian and Kecwatin rocks 
in the south as compared with the north. It is probable that in the unprotected 
northern parts weathering agencies have eaten the higher Arcshaian rocks com- 
pletely away from the Laurentian gneiss beneath. Before asserting this positively, 
however, it may be well to await more thorough exploration of the little known 
north. 

It is possible, but not very probable, that the whole area was at one time 
covered with Ordovician or Silurian shale and limestone. If so, all traces of 
this capping have been removed from hundreds of thousands of square miles of 
its surface. 

There is one very impressive feature of the Archsean as found beneath the 
later rocks. The peneplain, with its rounded, hummocky surface, seonis exactly 
the same when one strips from it recent boulder clay, early Pakcozoic shale or 
sandstone or limestone, Keweenawan eruptives, or even Lower Huronian tillite, 
where this has remained undisturbed. It is as though all the millions of years of 
destruction since the Middle Palaeozoic had made only unimportant changes in 
the pre-Cambrian peneplain. When it. is recalled that pcneplanation took place 
twice in the pre-Cambrian, before the Lower Huronian and before the Animikie, 
one is almost driven to think that pre-Cambrian time is far longer than post- 
Cambrian. 


Relation of the Shield to the Palceozoie. 

Except toward the east, the Canadian Shield sinks gently beneath Palaeozoic 
beds, in most cases retaining its character as a peneplain. How far does it 
continue to the south and west beneath the sedimentary rocks, and to what depth 
does it extend? . 
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The results of drilling at Toronto, 80 miles south of the contact, show gneiss 
and crystalline limestone at a depth of 1,200 feet below the surface, or 940 feet 
below soa-level. Near Lake Erie, 130 miles to the south of the contact, the 
Archsean is reached at a depth of 3,300 feet — ^2,700 feet below sea-level. Its slope 
to Toronto is at the rate of 20 feet per mile, and from Toronto to Lake Erie 
at the rate of 35 feet per mile. This corresponds fairly well with the dip of the 
overlying Palmozdic rocks. 

As the peneplain rises more than 1,300 feet above sea-level at the watershed 
300 miles north of Lake Erie, there is a difference of 4,000 feet in a north and 
south direction; and if comparison is made with the Adirondack Mountains 
250 miles to the east the difference even amounts to 6,600 feet. It is probable, 
however, that the Adirondacks were a residual group of mountains never reduced 
to the general peneplain level. It is clear that the pre-Palseozoic peneplain has 
been greatly warped in later ages, perhaps as a result of the increasing load of 
sediments piled on its southern edge. 

One is apt to think of these ancient crystalline rocks as an exceedingly solid 
and resistant block of the earth’s crust, likely to undergo little deformation; 
so that this evidence of warping or doming of the surface comes as a surprise. 
In reality shiftings of level under changes of load are normal in every region, 
and have been going on along the southern border of the Canadian Shield all 
through Pleistocene times, and perhaps continue now. 

The proof of this is to be found in the differential elevation of the shore-lines 
of the great post-glacial lakes, which ascend with an increasing grade toward 
the north (N. 20° E.), In the case of Lake Iroquois the difference in level 
between the two ends of the earliest shore is more than 500 feet, and the grade 
toward the north even rises to six or seven feet per mile. If we add 230 feet of 
defonnation of the marine beaches, which followed Lake Iroquois toward the 
north-east after the final melting of the ice, there is a known change of level 
amounting to 730 feet within late Pleistocene times. There is reason to believe 
that similar changes of level took place during the inter-glacial period recorded 
at Toronto and to the north. 

The Pleistocene sinkings and risings are naturally accounted for by the piling 
up and removal of the thousands of feet of ice in the Glacial Periods, though 
probably isostatic equilibrium was not reached in these movements. 

We know that the ice was more than 4,000 feet thick, since it passed over the 
tops of the Adirondack mountains. This thickness of ioe is equal in weight to 
about 1,600 feet of rock, while the greatest known elevation since the removal of 
the load is not much more than 700 feet, implying that a weight of 900 feet of 
rock can be supported by the shield. It may be, however, that in the interior 
of Labrador, where no beach-lines give evidence as to changes of level, the doming 
is much greater than the amount suggested. 

It is of interest to note that these adjustments to change of load take 
thousands of years to accomplish. The rise due to the melting of the Labrador 
ice-sheet may be going on slowly now, thirty or forty thousand years after the 
load was lifted. 

These sinkings and risings must be accomplished by plastic flow outwards from 
beneath the loaded area or inward toward the area relieved of its load. 

Instead of a rigid, unyielding shield, we must conceive a stiffly flexible covering 
over a plastic substratum, where during thousands of years adjustments of level, 
amounting to hundreds of feet, may take place.; and during millions of years of 
removal of load by erosion, or of piling on of load through sedimentation, changes 
of level of thousands of feet can be accomplisbed. Such changes have taken 
place on the southern and western sides of the shield without apy known rupture, 
while on the east the adjustment has been accomplished in part by great faults. 

Has the Archaean, which is supposed to underlie the stratified rocks in all 
parts of the world, undergone the same vicissitudes ? 

Summary. 

The history of the Canadian Shield begins in pre-Keewatin times, with land 
surfaces on which weathering took place, and seas in which mud and sand were 
deposited. If the earth were ever molten, that stage had long been passed before 
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the Keewatin sediments were laid down, for they include carbon probably derived 
from fucoids, which could not have lived in a hot sea. 

The pre-Keewatin land surfaces and sea bottoms have totally disappeared, 
so far as'hnown to Canadian geology. Apparently they have been fused and trans- 
formed into the gneisses of the Laurentian. 

The Keewatin was a time of groat volcanic activity, lava streams and ash 
rocks surpassing in amount the thick sheets of sediments. ♦At the end of the 
Keewatin the thousands of feet of volcanic and clastic rocks were lifted as domes 
by the up- welling of batholiths of early Laurentian gneiss. 

Then followed a profound gap in the record, during which the mountains were 
levelled to a hummocky peneplain. This gap represents a very long period of 
weathering and destruction on a land surface, ending in glacial action on a large 
scale. 

The Lower Huronian begins with the deposit of a thick and widespread 
boulder clay, followed up by a transgression of the sea in which mud and sand, 
and also limestone and chert, were deposited. 

After a short break similar processes went on in the Middle Huronian. During 
the Middle Huronian, or in the interval between it and the Upper Huronian 
(Animikie), mountain-building was renewed on a grand scale, many synclines oJ 
Keewatin and Lower Huronian rocks being caught between the rising batholiths 
of late Laurentian gneiss. A broad central band of the Lower Huronian escaped 
this process, however, and has preserved its original attitude on a floor of 
Keewatin and Laurentian. 

The Animikie or Upper Huronian sediments which rest on the planed-down 
floor of upturned Lower Huronian, Laurentian, and Keewatin rocks consist 
largely of chert and carbonaceous slate or shale, which lie nearly horizontal and 
have imdergone very little change. 

The Keweenawan follows the Animikie with only a small break, and includes 
shallow water-beds of sandstone and conglomerate, accompanied by immense out- 
flows of lava. As a result of the outpouring of lava great basins, like that of 
Superior, resulted. It is probable that during the Animikie and Keweenawan 
most or all of the Canadian Shield was covered by the sea. 

The Keweenawan is generally held to mark the close of the Archasan (or 
Algonkian or Proterozoic). Low reports portions of these formations as having 
been caught in mountain-building of the Laurentian type in Labrador, but 
commonly they have not been disturbed. 

During early Palasozoic times the Canadian Shield was more than once en- 
croached upon by the sea, though probably much of the peninsula of Labrador, 
and perhaps a region north-west of Hudson Bay, escaped. 

From the Devonian to the Pleistocene the shield seems to have remained dry 
land, and part of the Ordovician and Silurian capping of sediments was removed 
during this long period. 

The succession of Pleistocene ice-sheets completed the work of denudation, an<l 
at the end of the Ice Age many thousands of square miles of the lower portions 
were once more beneath the sea. 

Last of all, the region has been rising at unequal rates in different parts, as 
shown by the warping of marine and fresh- water beaches. 

The surface of low hills and rounded knolls of gneiss and schists beneath the 
Pleistocene boulder clay resembles in every way that beneath the flat shales and 
limestones of the early Palaeozoic, or the nearly horizontal sediments of the 
Animikie, or even the undisturbed parts of the Lower Huronian boulder clay. 
It may be that much of the surface has been covered with sediments and restored 
to daylight by subaerial erosion several times in succession. The greater part 
of the carving-down seems to have been done before the Animikie — i.e., within 
pre-Cambrian times — and the pre-Huronian surface seems as mature as any of 
the later ones. The bearing of this on the length of early geological time is 
evident. Pre-Huronian time includes the laying down of thousands of feet of 
Keewatin sediments, the elevation of early Laurentian mountains, and the level- 
ling of these mountains to a peneplain. It may be as long as post- Huronian time. 
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The following Papers were read ; — 

1. The Yoredale Series and its Equivalents elsewhere. By Cosmo Johns. 


2. Notes on the lower Palceozoic Rocks of the Gautley District^ Sedbergh^ 
Yorks, By J. E. Mabe, Sc,D,, F,R,8., and W.G. Feabnsihes, M,A., F,0,S. 

The general succession is well known. The following additions to our know- 
ledge of the various divisions have been recently obtained by us : — 

Salopian , — Divisible into Lower Ludlow rocks (Bannisdale slates, Coniston 
grits, and Coldwell beds) above, and Wenlock rocks (Brathay flags) below. The 
calcareous gritty flags with Phacops ohtusioaudatus are found here at the base 
of the Coldwell beds, and form a ready line of separation between the Ludlow 
and Wenlock graptolitiferous strata. The Salopian graptolitic zones are being 
worked out by Miss G. B. Watney and Miss E. G. Welch. 

Valmtian . — The succession as described by one of us with the late Professor 
Nicholson was incomplete. We have now found a section in Watley Gill which 
nearly completes the sequence. In that beck the. argenteus,^ M. fini- 

hriatus and Dimorphograptits zones of the Skelgill beds are found with their 
intercalated trilobite beds, the higher graptolitic zones being absent owing to a 
fault which repeats the Dmorpliograptua beds. The argenteus zone contains 
the type fossil and its usual associates, and exhibits the ‘green streak* seen in 
the Lake District and in North Wales. 

Ashgillian, — The Ashgill shales have long been known here.^ The basal 
StauTOcephahis limestone appears to be represented by a greyish argillaceous lime- 
stone in Taith’s Gill, which succeeds the Oaradocian rocks with perfect con- 
formity, and yields abundance of RemoplcMrides radians and other fossils; also 
by a similar limestone in the same position in Backside Beck, with badly pre- 
served trilobites, &:c. 

Oaradocian , — Black calcareous shales with their argillaceous limestones con- 
taining a very rich Oaradocian fauna, recalling that of the Trinucleus shales 
of Sweden. The fauna is being worked at and separated from that of the 
Ashgillian beds. 


3. The Graptolitic Zones of the Salopian Rooks of the Gautley Area near 
Sedhergh, Yorkshire, By Miss G, R. Watney and Miss E. G. Welch. 

We have obtained the following zones in the Ludlow rocks in descending 
order i — 


X. Monographis leintwardinensis (Hopk.) 
%, Monograptm Nilssoni (Barr.) . 

3, Monograpius vulgaris (Wood) . , 


;{ 


Low’cr Bannisdale Slates 
Coniston grits 
U. Coldwell bods 
M. Coldwell bods 


In the Wenlock the following zones have been found in descending order 


1. Cyrtograptus Lundgreni (Tullb.) 

2 f Gyrtograpiua Linnarssoni (Lapw.) 1 
. ‘ \OyTtograptu8 symmetricus (Elies) j 

3. Monograptus riccartomnsis (Lapw.). 

4. Gyrtograptus MurcMsoni (Carr) 


f L. Coldwell beds 
* \ Brathay flags 

, Brathay flags 

. Brathay flags 
, Brathay flags 


These zones are comparable with those discovered by Miss Elks ^ and Mrs. 
Shakespear^ in Wales and the Welsh Borderland^; though we have not yet 
succeeded in finding all the zones which they record we hope shortly to establish 
them in this area. 


^ Quart, Journ* Qcol, Soc,^ 1900. 
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L Pleochroic Halos. By Professor J. Joly, F.R.S* 

An account of recent advances in the radioactive theory of the formation 
of halos, and of evidence as to the chemical nature of the deposit occasioning 
the halo. 


5. Outlines of the Geology of Northern Nigeria. 

By Dr. J. D, Falconer, MA., F.G.S- 

The Protectorate of Northern Nigeria lies for the most part between Lake 
Chad and the confluence of the rivers Niger and Benue, and comprises an area 
of about 255,700 square miles. Crystalline rocks are exposed over about half of 
this area, and among them two series have been recognised : (1) a series of 
hard, banded, and much granitised gneisses of an Archman typo; (2) a series .of 
quartzites, phyllites, schists, and gneisses of sedimentary origin with associated 
amphibolites, hornblende schists, and other more or less metamorphosed igneous 
rocks. The two series, which were probably originally uncon formable, have 
been folded together along axes which are predominantly meridional in direction. 
They have also been pierced by numerous igneous intrusions, which are readily 
subdivided into an older and a younger group. The older group consists prin- 
cipally of granites, wholly or partially foliated, which have been affected to a 
varying extent by the forces which produced the metamorphism of the gneisses 
and schists. The members of the younger group are non-foliatod, and include 
such types as tourmaline granite, riebeckite granite, augite syenite, augite dioritc, 
and numerous associated dyke rocks. 

Rocks of Cretaceous Age are found in the valleys of the Bonue and the 
Gongola and in the angle between the two rivers. I'hey are invariably gently 
folded and sometimes broken and faulted, and consist of a lower series of sand- 
stones and grits, in part salt-bearing; and an upper series of limestones and 
shales, with numerous fossils of Turonian Age. The post-Oreiaceous rocks, 
which rest unconformably upon the Cretaceous limestone, and are probably all of 
Eocene Age, occur over three detached areas : (1) in Sokoto province and the 
Niger valley, (2) in Bauchi and Bornu, and (3) in Yola. The Sokoto series, 
which contains marine intercalations yielding abundant Eocene fossils, is con- 
tinuous southward with the sandstones, grits, and ironstones of the Niger valley. 
The correlation of the sandstones, grits, and clays of Bauchi, Bornu, and Yola 
with the Eocene rocks of Sokoto and the Niger valley is based partly upon 
lithological similarities and partly upon the absence of evidence of any extensive 
post-Eocene submergence of the Protectorate, 

Extensive fields of basaltic lava occur in Southern Bornu and on the borders 
of Bauchi and Nassarawa; and numerous puys of trachyte, phonblite, olivine 
basalt, and nepheline basalt are distributed throughout Southern Bauchi, Muri, 
and Yola. The puys and lava fields alike are the product of Tertiary volcanic 
activity. 

During the latter part of the Tertiary period there appear to have been 
repeated minor oscillations of the crust, which culminated in the elevaiion of 
the Bauchi plateau and the Nassarawa tableland, the depression of the Chad 
area, and the establishment of the present river system. 


6. Notes on Natal Geology. By Dr. F. H. Hatch, F.Q.8. 

Excepting the Cretaceous rocks, which only attain to a quite unimportant 
development on the coast, there are three distinct formations which, separated 
by great unconformities, take part in the geology of Natal. These are : — 

, The Karroo System (Carboniferous to Jurassic). 

The Table Mountain Sandstone (Devonian). 

The Metamorphic Basement Rocks (Swaziland or Archasan). 

The horizontal beds of the Karroo System are of enormous thickness, and 
extend over the greater part of the colony, from the Drackensberg to near the 
east .coast. Near the summit of the scarp of the Drackensberg they consist 
ci the Stormberg lavas and tuffs, These are underlain by the other divisions 
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of the vStormberg — the Cave Sandstone, Red beds, Molteno beds, &c. — while the 
base of the scarp and the foot hills are composed of the Beaufort mudstones and 
of the Ecca sandstones and shales, the Ecca sandstones carrying the coal resources 
of the colony. The Dwyka Conglomerate forms the base of this system, the 
underlying old rocks being frequently grooved and polished by ice-action. 

A big unconformity separates the Karroo rocks from the Table Mountain 
sandstone, whic^h has been eroded ofien to a comparatively thin bed of con- 
glomerate, or even completely removed before the deposition of the Karroo 
beds. It has, however, retained the horizontal position in which its beds were 
first deposited, and forms ^several typical table mountains, as Table Mountain, 
near Pietermaritzburg, Kranzkop on the Tugela, and Nkomo in Zululand. In 
this respect it contrasts sharply with the underlying ^metamorphic schists and 
quartzites of the Swaziland System, which are folded into well-marked anticline 
and synclines, and almost invariably present a steeply inclined outcrop. These 
metamorphic rocks comprise quartzites, ferruginous jasperoid rocks, conglo- 
merates, and mica, chlorite, kyanite, and hornblende schists, and are in places 
invaded by intrusions of granite and permeated by veins of aplite and pegmatite. 
These old rock.s, which are probably equivalent to the Archaean, appear whoever 
the rivers have deeply incised their valleys, and as this can only occur in the 
lower part of the river-courses, the outcrops are confined to the easterly poiiion 
of the colony— for instance, in Zululand in the valley of the Tugela, in the 
gorges of the Buffalo, in the cailon-like valley of the Msiizi, and in the 
llmhlatuzi and Umfuti valleys. 

But between these valleys, even in Zululand, great piles of Karroo strata 
still remain, as, for instance, those forming the TTmsinga, Oudeni,^ and Kala 
klountains, w^here the horizontality of the stratification is brought into strong 
relief by the presence of great sills of dolei'ite. 

Although the base of the Karroo occurs near Pietermaritzburg at an elevation 
of 3,000 feet above the sea, Ecca shales and Dwyka conglomerate are also found 
at sea-level on the coast at and south of Durban. This can only be explained, as 
pointed out by Suess, by the assumption of the existence of a great N. and S. 
fault, the train of which lies considerably east of the present scarp -of the 
Draekensberg. The latter has been, and is still being, pushed to the west by 
the erosion of the Natal rivers, which practically all take their source on its 
slopes and flow^ eastward to the Indian Ocean. 


FRIDAY, BEPTFMBFR 2. 

Jomt Meeting with Section E . — Sec p. 652. 

MONDAY, SEPTEMBER 5. 

The following Report and Papers were read 

1. Report of the Seismologieal Committee . — See Reports, p. 44. 

2. The Geolog of Cytjmmica. By Professor J. W. Gkegoet, D.8c., F.B.S. 

3. An Vndescribed Fossil from, the CMjyping Norton Limestone. 

By Makmaduke Odunq. 


1910. 
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4, The Glaciated Kochs of AmUeside, 

By Professor Bdwabb Hull, £X.D., IMS. 

I visited Amblesido in the hesiiming of August in order to ascertain the 
condition of the remarkable glaciated rock-surfaces which arc to bo seen there. 

I first visited Ambloside in 1863, when I noticed the wcll-kflown form of this 
rock, exhibiting on its smoothed surface the parallel groovings characteristic 
of rocks over which the ice of a glacier had formerly passed. The rock, formed 
of incluratqd grit and slate, presented the characteristic * crag-and-tail * form, 
pointing to the direction, neai’ly magnetic north, up the valley of the Hothay, 
from which I gathered that the glacier had descended from Holvellyn and the 
neighbouring heights forming the central ridge of the Lake District. This view 
was confirmed after an examination of several other valleys and mountains; 
and the results were published in the ‘Edinburgh New Philosophical Journal.* 
T’here are other icc-eroded bosses of rovk rising out of the valley as well as from 
the surface of Lake Windermere. But it is seldom tluit glacial strife can now be 
observed, owing to the effects of wofithcr-action, so that the Ambleside rock is 
of peculiar interest from the freshness of its surface. ^ The sketch whit:h accom- 
panied my paper was reproduced by Sir Charles Lyell in his ‘ Antiquity of Man ’ 
as evidence of the former presence of glaciers in the Lake District of England, 

I attribute the freshno.ss of the rock-surfficc and its striations to the fact 
that, when the ground was being cleared for the foundations of the modern 
church which occupies a site here, it was partially covered by a coating of 
boulder clay or moraine matter, . by which the siirface was protected from 
atmospheric waste and erosion.^ This covering was probably removed, leaving 
bare the rock, which, owing to its peculiar form, was left undisturbed. Con- 
sidering that steps should be taken with a view to the preservation of this 
natural monument, I consulted the Bcv. J. Hawkeswith, vicar of the parish, 
who promised to consider the possibility of effecting this object. These 
memorials of the Glacial Period are yearly disappearing. ^ Boulders and erratic 
blocks are being broken up for building purposes; moraines are being cleared 
away or laid clown In pasture.-land, or for agriculture or building ; and the striae 
and grovings of the rock-surfaces are being ctovered over or worn down by traffic. 
It is, therefore, of great importance that their presence shoxild be recorded on 
maps, or that their remains should, ns far as possible, bo pi^osorvod intact. 

5. The Shelly Moraine of the Sefstrom Glacier, Spitsbergen, and its 
Teachings. By G. W. Lamfluqh, IMS. 

The Befstrbm Glacier when first mapped by Professor Do Geer in 1882 had 
its sea-front two or three miles back within its side-valley, and was flanked on 
both sides by fluvio-glacial outwash plains. Between that time and 1896, when 
it w^ again examined by Professor Do Goer, it had advanced about four miles, 
burying the outwash plains, filling its valley up to the mountain slopes, and 
bulging out into Ekman Bay in a broad lobe that ix'arhed across to Cora Island, 
hardly a mile from the opposite shore of the bay. But already in 1896 it was 
sinking back; and when visited in 1908, though it-s detached snout still hung 
grounded on Cora Island urnid huge masses of morainic material, the main front 
had so far receded that there was again a soa-passnge between it and the island, 
and a narrow strait, with ice-cliJTs to right and left, between the new front and 
the detached portion affixed to the island. Since then there has been further 
recession, so that this year (1910) we found a wider passage ; but a remnant of the 
melting snout still shone up conspicuously amid the red moraine on Cora Island. 

In its original condition Cora Island was a low spit about two miles long and 
half a mile or more wide, composed of Carboniferous limestone partly covered 
with raised beach ; but it has been increased to more than twice its size by the 
moraine banked upon its western side during its invasion by the glacier. This 
moraine, which for the greater part must have been actually under the ice at its 
has been thrown in a tumultuous succession of ridges and hollows 

: cky 'can be seen resting on the rock alongside a footpath on 

ihe nof|#';Stae, of the 'churchyard, * 
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at^ross the flank of the ialautl, forming a curved belt about three miles long, nearly 
half a mile wide at its broadest^ rising in places to 50 or 60 feet above sea-level, 
and ending sharply, where it touches the original island, against the lower bare 
ground, with hardly any ‘outwash/ It consists almost entirely of streaky red 
clay containing a few scratched boulders, and crowded with marine shells, some 
broken, but most %f them perfect and the bivalves united. The clay has evidently 
been derived, in the first place, from the red Devonian rocks into which the fiord 
is cut ; but its more immediate origin was the neighbouring sea-bottom, which has 
undoubtedly been dragged up in some way by the glacier in its advance. The 
existing remnant of the glacier was seen to be curiously entangled ajnong the clay, 
and the presence of smaller masses of ice buried under the moraine was indicated 
by the crater-like hollows of subsidence by which its surface was pitted. 

These facts show clearly that (1) material similar to some English boulder- 
clays may form the terminal moraine of a glacier; (2) a glacier advancing over 
a sea-bottom may incorporate marine detritus abundantly in its moraine ; (3) banks 
of boulder-clay may terminate abruptly and with a sharp boundary on bare un- 
glaciated land ; (4) material in the path of an advancing glacier may be uplifted 
sharply on a rising slope. The possibility of these events has been frequently 
doubted but is here proved. 


Joint Meetimj %mtli Suh-section B (AgricnlHtre ). — Bee p. 585. 


TUESDAV, SEPTEMBER 6. 

The following Papers were read : — 

1. The Cause of Gravity Variatioiis in Northern India, 

By Professor Sir Thomas H. Holland, K,CJ,E,, F.RB. 

Among the gravity variations indicated by the plumb-line and pendulum obser- 
vations conducted in India the most conspicuous is the band of high gravity, first 
detected by Colonel S. Q. Burrard, E.E., F.R.S., stretching from about Kisnapur 
(latitude 25° 2', longitude 88° 28') in Bengal to a point between Feroze- 
poi'e and Montgomery in the Punjab (latitude 30° 50', longitude 74° 30').' 
The direction of this band of high gravity parallel to the general trend of the 
silt-filled Gangetic depression, the great Himalayan folds which have developed 
sincie Lower Tertiary times, and the pre-Tertiary shore line between Goiidwana- 
land and the gi*eat Eurasian Ocean suggests a genetic relationship between 
these four featm'es. With these may be correlated the general trend of faulting 
during pre-Deccan Trap i.;iraes in what is now the Central and Northern part 
of Peninsular India. A general east-west trend is shown by the faults whidi 
affect the Vindhyaais and are of older date than the Permo-Carboniferous ; by 
the later faults which affect the Lower Gondwanas and are of earlier date ijian 
the Trias ; and by the still younger faults that disturb the Upper Gondwanas 
of Triassic and Jurassic Age. In the same area there is a general tendency for 
the dykes of Deccan Trap Ago (Upper Cretaceous) to follow an east-west dia^c- 
tion. These faults and also the fissures into which the basic rock was injected 
were formed throughout the period during which, from Lower Paheozbic to 
Tipper Mesozoic times, there wfis a continual denudation, with consequent relief 
of load, from the Gondwana continent, and a corresponding loading with accom- 
panying, if not consequent, depression of the adjoining ocean bottom immediately 
to the north of the line now occupied by the crystalline, snow-covered peaks of 
the Himalaya. The persistence of this process must have resulted in a stretching 
of the continent in a general north- south direction, as shown by the transverse 
normal, or tension, faults. The process culminated with the great out-welling 

^ See Burrai’d, P7w7. Trans., A, voL 205, 1905, pp. 289-318; Lenox-Conyng- 
ham, Survey of India, Professional Paper No. 10, 1908. 
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ot* the Peccan Trap towavcls the <m(i of Oretareons tinioB, jind t,h(‘ri‘nfter f<»llo\ved 
the depression of the Gangetie heli. with i,he foldhig np nf IIk' Hiniahiy;ui range. 

As tho Dec, can Trap spread in thin sheets ()V<‘V largo areas, it. in'esuniably 
came out in a high degwe of lluidity and with a high leniperatiire, while its 
mass was too great for its eruptioii to bo dno to ftision by fieoidontal local 
causes. It is thus justifiable to assume, a,s the most })robjd)le of hypothes(‘s, 
that it represented the outwolling of the persistent, sub(‘niifl-al, ba,si(; magma, 
which is assumed by many on other grounds to exist in a state of thiidity, or 
potential fluidity, at about 30 to 50 miles below" the surfa.ee. 

It has been asserted that Dutton’s theory of isost.a,sy necessarily incurs a 
perpetuation of the process of increasing depression in the area being loaded, 
and of continued uprise in the adjacent area which is exposed to denudation. 
But if my deduction as to the origin of the tension faults in Peninsular India 
be justified, and if the Dec(‘an Trap outburst was caused by the culmination of 
this process, we have an instance which show.s that isosiasy can come to a,n end in 
suicidal fashion, and thus a formidable objection to Dutton’s theory is removed. 

By borrowing an idea ably expounded in a aeries of papers by Professor 
li, A. Daly, of Massaehuseiis^ we have also, wntli the fiUita briefly indicated 
above, a reiisona,ble explamition of the Gangetic depression n,nd of the heavy 
band which underlies the alluvium in a direction ]iara,lk'l to the iension faults 
further south. Professor Daly assumes that uudev favouiMblc circnmstauces the 
sub-crustal gabbroid magma may enter the shell of tension, which has been 
postulated by Mellavd Reacle, 0. Davison, G. H. Darwin, 0. Fisher, and M. P. 
Eudski to exist usually below the superficial shell of comtu'ession. He also shows, 
from purely mechanical considerations, that intrusions into this shell tend to 
expand into batholiths, and, by reducing iho tension, tend to pull down the surface 
into marked geosynclincs.^ If now wo assume that in the^ novthei’n part of 
Peninsular India tho stxmses during PaUnozoie and Mesozoic i-imes were pre- 
dominantly in a north-south direction, as indicated by throe goneraiions of 
pi’ecretaceous, normal faults, w "0 may likewise assume the production of basic 
batholiths with a general east-w"est alignment in Northerix India. Those deep- 
seated masses of basic (or probably ulti’a-basic) rock are suggested as tho taiuse of 
the subterranean band of high gravity as well as of the Gangetic depression; 
the withdrawal of the material forming the batholiths may aecoxint also for tho 
deficiency of gravity under the visible Himalaya as well ns for some distance 
southward under the plains along the foot of the range. A similar, though 
possibly less pronounced, distribution of gravity should on this tluMuy be found 
along tiie Indus valley to tho south-eastwards of the Balmdn'stan Folds. 


2 , Discussion on the Concealed Coalfield of Noitinghamshire^ DerhysMrei 

and Yorhshire. 


( 1 ) On the Concealed Portion of the York, Derby^ and NoUingham Coalfield 
By ProfeKsor Pmm Fry KenbaLl, M,Se., F/IB. 


This great coalfield is a basin of whi(?h only i.ho western moiety is exposed, 
the other part being (^onee^lled by a discjordant cover of Permian and later ro<iktt. 
Mjiny attempts had been made to define the limits of the concealed extension, 
but these were based upon no tjrinciple. When tho author was invited to report 
upon the question to the Royal Gommisskm on Goal ySupplies in 1905 his atten- 
tion had already been directed to a possible solution of the problem by ixiferencxi 
to the remarkable attenuation of the Jurassic and Dower Oretaeeons sequence in 
the tract of country about Market Weighton, Here the rocks that, in the 
Cleveland area and on the coast to the north of Flamboro’ Head, attain a 
thickness of upwards of 3,000 feet are reduced by failure of deposition or by 


^ J^gee especially Professor Daly’s , paper * Abyssal Igneous Injection as a 
' Condition and as an Effect of Mountain-Building,’ Amer. Journ. ScL, 
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Kucoessive imcjonformibies lo 100 feei of Lower Lias. - As this great hiatus occurs 
in exact alignment with the northern edge of the coalfieldT, it is probable that it 
marks a series of ' posthumous ’ movements of the pre-Permian fold by which 
the coalfield was defined. 

By a similar line of argument the southern boundary is connected with the 
Charnwood axis, ^vhose posthumons effects are seen in the dying out of certain 
of the Mesozoic rocks, c.//., the Kimmeridge Gla,y near Cambridge. ‘ The eastern 
margin is altogether more problematical. It may possibly be indicated by an 
anticlinal fold nea.r Willoughby and Louth iu Lincolnshire, but no practical 
importance attaches to the determination of the point, as the Coal ]\leasures in 
any case would be out of reach of the miner. 

Since the Report of the Commission was ]published boriiigs have been put 
down at Newark, near Thorne, and near Selby that hayo proved the existence 
of Coal Measures at those places, and have so far confirmed the conclusions in the 
Report ; and I am now permitted to amioimce that a boring that is now being 
put down at Scunthorpe, on the eastern bank of the Trent, has also proved Coal 
Measures, and thus carries the proved coalfield another eleven miles to the east. 


(ii) The Goal Measures of the Concealed Yorkshire, Nottinghamshire, and 
Derbyshire Coalfield. By Walcot Gibson, D.Se. 

On the map accompanying Mr. Currer Brigg’s Report on District D in the 
Final Report of the Royal Commission on Coal Supplies for 19f)5, a triangular 
area having its apex at the Haxey (vS. Carr) boring is marked off as the proved 
extent of the concealed coalfield. The area thus defined amounts to about 
460 s<iuare miles. To this, as iho result of information obtained from sevei-al 
borings for coal completed since 1905, there can be added about 200 square miles 
situated north-east of Haxey and about 200 square miles lying south-east of 
I'laxey. Much information has also been collected in the proved coalfield. The 
new material, so far as it relates to the Coal Measures, may be considered under 
(1) shape of the Paheozoic floor, (2) character of the measures, (3) the workable 
seams that are likely to occur within 4,000 feet depth, and (4) their probable 
extension beyond the limits considered as proved iu the Report of 1905, 

1. Faheozoir. Floor . — Between the outcrop of the Magnesian Limestone and the 
River Trent, north of Nottingham, the Permian rests on a uniform plain with a 
slope not exceeding two degrees and having a general direction to the east or 
a little north of east. Over the faulted area, south of Nottingham, the unifonnity 
of slope has been broken; but outside the faulted belt the same even surface is 
maintained between Ruddington, Edwalton, and Owlhorpe. 

2. iUutrarIrr of ihr Mpmi(rcfi.-~ThQ Barlow (l^elby) boring in the north, the 
'I'hoiMie hoi’iug in the oast, and that of Owthorpe in tho.south show that the Coal 
iMoiisuros inuucdialoly beneath the new formations bcltmg to an horizon several 
hundrttd Feet jibnvo the I’np Hard or Barnsley Coal, which is a high and most 
vaJ liable seam in the (‘oalfield. L'n these measures a marine band (20 to 50 feet 
tlnck) lies between 520 feet (Oxton boring) ami 629 feet (Mansfield Colliery) above 
the Top Bard Coal in Nottinghamshire, and, as ascertained by Mr, Culpin at 
Brodsworth and l^entley and by Mr. Dyson at Maltby, between G70 and 705 feet 
above th-e Barnsley Coal in Yorkshire. The fauna, exclusively marine, is repre- 
sented by fifty species distributed among thirty-seven genera. Many of the forms 
occur in the shales below the Millstone Grits, and a few represent survivors from 
the Carboniferous Limestone. The persistence, thickness, and fauna of the bed 
indicate a general and a fairly prolonged incursion of the open sea during late 
Middle Coal Measures. Minor incursions are represented by a few thin beds 
occurring above and below this horizon in Nottinghamshire and Yorkshire. 

The thickness of the measures as a whole increases to the north and diminishes 
to the east. 

3. The Workable All the borings and sinkings strike Coal Measures 

above the chief marine bed ; but, except at Oxton and Maltby, both situated in 
the proved coalfield, ‘the Upi>er Coal Measures have been completely removed by 
pre-Permian denudation. The seams above the Top Hard Coal and Barnsley Coal 
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are irregular iu their occui’i’enco aiul of uncertain (]|ualily. hi tli<‘ Doncaster arid 
Thorne area the Dunsil Coal 00 Foot below the Barnsley bed apjioiU's to bo a 
valuable scam, but it deterioraios south of Doncaster. Most- of the lower coals 
over the recently proved extension of the coalfield lie beyond tiho limit of })rorit- 
able working. The future resources of the coalfield therefore mainly de^iend upon 
the thickness, quality, and depth of the Top Hard or Barnsley (lo.'il. 

Extension . a result of the oxfilorations made since the fte})ort of 1005 the 
proved limit of the concealed coalfield may with some confidence lie exionded to 
a line joining Selby, Thorne, Haxey, and Owihor}Xi, but t.ho ((iiality and thickness 
of the coal cannot be foretold. There is no concdiusivc evidence to show whether, 
north of Thorne, the Barnsley Goal will take on the iiifoidor character which it 
assumes' north-east and oast of Wakefield under the name of the Warren House 
Coal, and whether the thinning out of the 'Top Hard Goal obHcrva.ble in eonio of 
the collieries soitth of IMansfield will continue to the east. 

A further extension north of the Ouse, eiist of tlui Trmit, and soiitli-ca,st of 
Owthorpe is probable, but it is important to bear in mind how much there must 
be of conjecture in any conclusions arrived at from Iho slender evidence at 
present available. 

3. Marine Bands in the Yorhsliirc Coal Measures. By H. Culpin. 

Until recently the rec;i)rds of marine fossils in the Yorkshire Coal Measures, 
except from the lowest beds, were very meagre. Five bands containing them 
were known, two (the roof of the Thin coal, ah(J the Peel on bod fonniiig the 
roof of the Chmuistor (oal) being near the base of the Cna,l Measures, one about 
80 feet above the Silksione coal, and two above tho Shaftoii coal 

As the result of an examination of the grouiid gone t]u'<mgh in sinkings to 
the Barnsley coal in the neighbourhood of Domtastcr, four further ba-nds, all 
of which lie between the Shafton and tho Barnsley coals, can now bo added to 
the list, the positions of the same being approximately 700 feet, 575 feet, 
385 feet, and 110 feet above tho Barnsley coal. 

The band about 700 feet above the Barnsley coal is the most important one 
of the four, and its distinctive characteristics make it an excellent datum line 
easy of recognition in the exxdoratioii of the concealed coalfield to the east of 
the county. It is 15 to 16^ feet thick. At the top it consists of blue shales 
marked with fucoids and having a soapy feeling to the touch. Similar shales 
below these are crowded with lAngula viytUouhs. Beneath those are greyish- 
blue hard shales, which in^ turn rest on a hard greyish-bluo limestone, Tho 
lower shales are very fossiliforous, and the limestone nioderatoly so. Tho fossils 
obtained include five species of brachiopods, sixteen species of laineUibranchs, 
three siiocios of gasteropods, thirteen species of cephalopods, atul a, crustacean. 
Among tho fish remains is Listraemifhvs nmrdi. 

Marine fossils have also been recently found in clay pits at Darfmhl, at 
Walton, near Wakefield, at Nostell, and at Oastleforfi, but the position of ilia beds 
containing them in the geological se<pienco has not yet been fully worked out. 


4. The Occurrence of Marine Bands at Maltby, By Wm.. 1L Dyson, 

During the sinking operations at Maltby the writer has located the strati- 
graphical position of the fossils found, and has inspected the excavated d^^biis 
day by day. Although all fossils have been collected, refercncie is only here 
made to the marine bands. 

Taking the top of the Barnsley Coal (2,462 feel 2 inches deep or 2,193 feet 
6 inches below Ordnance datum) as a base line, the lowest marine band, 
8 feet 7 inches thick, occurred 340 feet 1 inch above the Barnsley Coal, the 
section being 1 foot 11 inches of bastard cannel overlain by 6 feet 8 inches of 
bl^kish bind with balls of pyrites, and contained the following fossils, mostly 
in pyrites : Ungula mytiloides, ? Postdomella, Ptermopecten c«r6on- 
BcaUh carhonaria, Euphemus ureh Maewelmlina sp,, 
sp,, Catmantlm, ? Oheirodvs, MegaUchthys, Phadinichthys 
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monetisiSf Ehizodopsia sauroides. Among these Macrocheilma was fairly 
abundant. 

The next bed occurred 564 feet 1 inch above the Barnsley Coal. The material 
was dark-blue bind with ironstone and small cank-balls, and the following forms 
were present : Lingula mytiloldeSf Orbiculoidea nitida^ Myalina conqjressa, 
StmparoUus sp., Euphemus ureij Naticopsis sp., PUuronautilus costatus ^ Solano- 
cheUuSf cyclosto’t^a, Acanthodasy Cladodus, OcelacanikuSi Magolichthys, Platy- 
somuSi Elonichthys or AcrolapiSi Ehkodopsis, Among these StmparoUus is new 
to the Middle Coal Pleasures. 

The next marine band, 20 feet ^ inch thick, lies 708 feet 10^- inches above the 
Barnsley Coal, the section being 19 feet i inch of dark greyish-blue shale with 
hard cank-baUs, resting on 12 inches of argillaceous limestone. It contains an 
abundant fauna, including twenty-six genera and thirty-five species of inverte- 
brates, all marine forms. Ghonetes laguessiana, Lingula mybiloides, Orhicu- 
loidaa nitida, Productus anthrax^ Gtanodonia IcevirostriSf Myalma compressa, 
Nucula cequcdiSf N. gihhosa, N. luciniformiSf Nuculana acuta^ Posidonidla 
loiviSj P, sulcata. Pseud amusium anisotum, P, fibrillosum, Pterinopecten papy- 
raceus, Scaldia carbonaria, Schizodus antiquus, Syncyclonama carbonifarum, 
Euphemua d*orhignyi, E. urei, Loxonema acutum, L. aslitoncnsc, L, sp., 
Bkaphistoma radians, BalUroplion sp., ? Dimorphoceras gilbertsoni, Ephippio- 
caras clittdlanum, Gastrioccras carhonarium, (?) Glyphioce/ras paucilohum, G, 
phillipsi, G, raticulatuni, G. sp., Ortliocaras ascicidnre, 0. sulcatum— Konineh- 
iamim, 0. sp., Pleuronautilus costaius, Acantliodes, Omlacanthus, Elonichthys, 
Lis tr acanthus, Magalichthys, Platysovius, BJiizodopsis sauroides. Among these 
Pscuda77iusium nnisotim has not hitherto been found above the Carboniferous ^ 
Limestone. Among the fish-remains Listracanthus should bo noted. 

The highest bed occurs 1,000 feet below the summit of the Middle Coal 
Measures, and l,244i feet above the Barnsley Coal. It is 10 feel 11 inches thick, 
consisting of grey bind with ironstone bands, of greasy appearance. The fauna 
is poor, but goniatites are not uncommon. Lingula mytiloides, Orbiculoidea 
nitida, Myalina compressa, Nuculana acuta, ? Bellerophon sp., Glyphioceras 
phillipsi, G. sp., Orthoceras sp., Lisir acanthus, Megalichthys, Bhadinichihys 
monensis. Among the fish-remains Listracanthus is to he recorded. 

The writer is indebted to Dr. Wheelton Hind, F.G.S., and Dr. A. Smith 
Woodward, F.E.S., for examining and naming the fossils. 


5. The Geology of the Titter stone Glee Hills, 

By E. E. L. Dixon, B,Sc., A.R.G.S,, F.G.S. 

The following is a preliminary account of the rocks overlying the Lower Old 
Rod Sandstone of the Titterstone Glee Hills, Shropshire : — 

Sedimentary Series ... 4. Coal-Measures. 

3. Millstone Giit (so-called), 

2. Carboniferous Limestone Series. 

1. Upper Old Red Sandstone. 

Intrusive rocks .... Dolerite. 

(1) The Upper Old Rod Sandstone, consisting largely of sandy and pebbly 
beds, is fixed in age by its fish-fauna, which has long been known. Its junction 
with the underlying Lower Old Red marls is perfectly sharp and probably marks 
an unconformity. Upward, however, the groxip passes into 

(2) The Carboniferous Limestone Series. The con*elation of the local develop- 
ment with the Avonian of other districts has been sketched by Dr, Vaughan,^ 
whose chief conclusion, that the highest recognisable horizon is little, if at all, 
higher than the upper part of tlio Zaphrentis Zone, holds good throughout the 
outcrops. The part of the series which overlies this horizon is so thin that 
it is difiScult to believe that the top is much younger, even after making alloxv- 
ance for the fact that it consists of such shallow-water deposits that its rale 
of deposition must have been conditioned by the rate of subsidence of the sea- 

i Quart, Journ. Geoh Soc., voL Ixi., 1905, pp. 252 — i. 
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bottom. This conclusion as to ago is supported by ibo ago and TclidiouK to ihe 
local ‘Millstone Grit,’ of the top of the OarboniioroUH Luuo, stone Series in tho 
Forest of Doan and tho Bristol awa {np. rU.). 

(31 The ‘ Millstone Grit,’ which consists largely of sandstones and coiiglonie- 
rates. is undoubtedly conformable with tho Carboniforous Linieslouu heries, and, 
as regards its base, is probably, from what has just been said, ol .SyruignUiyns 
age, and therefore much older than tho Millstone tint proper. Hiilortuiiate y as 
mame fossils, found at but one horizon, are of no amal value, but its jilant.s, 
from various levels, connect it, according to Dr. Kulsfcon, vvith Lovver (./nrhnii'- 
iferous rocks, not wiili the Millstone Grib proper, l ie v.mvhmoii Una he 
lower part is older than the Millstone Grit proper may there ore extend to tho 
whole, and it is suggested that a nou-conimittal placo-iuinu? bo appltod to this 
formation instead of ‘ Millstone Grit.’ , , ' x , , 

(4) The Goal Measures iuchide ‘sweet,’ *.e., non-milphuroiis, (;oalB at several 
horizons from the base upward, and have yielded, besides a 1 airly rich liora, 
a small marine fauna at one or two horizons. The most important however, 

is the fact that they are not conformable with the ‘ Millstone Grit. 1-his 
relationship has been revealed in a quarry, whei’e their basal bod, a, pebbly sa,nd- 
stone, rests at a low inclination and with marked discordance on evenly -dipping 
beds of Gritj and it affords tho only satisfactory explanation of a, transgression 
of the Measures across the outcrops of the Grits, which is brought out by six- 


inch mapping. 

As the ‘ Millstone Grit ’ is, in part at least, much older than the rruks of that 
name which underlie Coal Measures elsewhere, it bocoiiios of iTitovest to inquire 
whether the break between it and the Goal Measures on Glee THU curresponds 
merely to the period of the Millstone Grit proper, or \vht‘ihcr it includes some 
part of Coal Measure time also. That is, what is the age of the base of Hie Goal 
Measures on Glee Hill? 

A feature of these measures is ilic presence in them of red clays and green 
sandstones of ‘espley’ type, at intervals fi’om a few feet above tlic base npwa,r<l. 
According to Dr. Walcot Gibson rocks of these characters are not known in Coal 
Measures of other parts of England and Wales from any horizon lower than 
the Etruria Marls or a short distance below. Stratigraphi(‘al evidence, also, sug- 
gests that the Coal Measures of Glee Hill commence at this level. For there 
is no doubt, as has been pointed out by Mr. Daniel Jones, but that the CUce Hill 
measures are on the same horizon as the ‘sweet coal of the adjacent 

Forest of Wyre coalfield. There, in the Kinlet di .strict, tho jundion of this 
series with tho overlying sandstones which yield the ‘sulphur coals’ wa.s found, 
in the course of an extension of the work to that neighbourhood, to be probably 
conformable j and therefore, as tho sandatone.s have been rocogni.sod by Dr. 
Gibson and Mr. T, 0. Cantrill as representing the NowcaBtlo-undor-'Lyme Scries, 
we may conclude that the ‘sweet-coal series’ which, like the OJee Hill measurew, 
includes some red clays and ‘espley ’-like saiidstone.s, corrcHponds to ptu't of the 
Etruria Marls. It may be added that the most recent Cloal MeasuroR on Glee 
Hill are sandstones resembling the Newcastle Series of the Forest of Wyre, but 
too thin (they form an outlier Of a few acres exUuit.) and )»oorly exposed io 
yield further evidence of their age and rclation.ships. 

Against the conclusion that the Glee Hill measures ooumioiue with a repre- 
sentative of the Etruria Marls it may be urged that tho latter in their typi(*al 
development^ yield neither coal-seams nor tho flora. n.ml fauna which have been 
obtained on Glee Hill. Similar coals, however, occur elsewhere in England and 
Wales at intervals up to much higher horizons, though not in association with 
the typical Etruria Marl rock-facies. The objection ba.sed on the flora is of 
greater weight, for Dr. Kidston find.$ that the plants are Middle Goal Measure 
forms, and therefore suggestive of a horizon lower than the Etruria Marls. But 
it majr be remarked that the flora of the Blackband Group iramecliately below the 
Etruria Marls — the latter yield but rare plants — includes no forms which do 
not occur in the Middle Go^ Measures below. 2 The fauna of the marine bands 


’ is unfortunately of no horii^onal value, though it includes a Pvoductus which 

Dr. Gibson, Quarts Jmni. Geol. 80c. ^ vol Ivii., 1901, pp. et seq, 
Jmrn, Qeol 8oc.^ vol Ixi., 1005, p. 318. 
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Dr. Vaughiin finds closely resembles a form (P. aff. srabrici/Iu,^, Mart.) abnndaiit 
in the Avon section and elsewhere at the top of i-ho Dibunophyllnm Zone. 

Finally, a consideration of the thhdcnesses and (dmracters of the .sedimentary 
series and of the ouicrop.H of dolcrito shows that earth inoveincnts along a 
N.E,"S.W. line have made thcnivsclvcs Felt during— ^ 

(1) Upper 01dJ?v.cd Sandstone and Lower Carbon! forous times; and 

(2) Some period between Lower Carboniferons and Coal Measure times. 

(This movcin(?nt has resulted in the unconformity between the ‘ Mill- 
stone Ch'it ’ and the Coal Measures.) 

And further that the dolerite came up through several passages, some of which 
form a linear series having approximately the same trend. 


6* Structural Petri factious from the Mesozoic, and ihevy healing on Fossil 
Plant Impressions, fly Miss M. C. Btopes, D.Sc., PhD., F.L.8. 

T'his paper dealt with the importance of the structural petrifactions in the 
Carboniferous— c.//., exposure of the true natm*e of so many supposed ‘ferns’; 
with the need of similar petrifactions f jom bods of IVIesozoic age ; and the 
danger of inferences drawn from plant irifprcssions — e,g., un trustworthiness of 
many of Beer’s and Ettingshaiisen ’s systematic determinations. 

The discovery of true petrifactions in the Cretaceous, the nature of the floi’a 
contained in the nodules, and umisiial poiuis in its composition were considered. 
Special illustrations of its interest are ; Yezenua, a new type of which the ex- 
ternal appearance gives no clue to its nature; Ihe discovery of the first-known 
flower with its anatomy petrified ; and of the internal anatomy of the leaves of 
Xilssonia, long well known as impressions. 


7. On some Rare Fossils from the Derby shire and Nottinghamshire Coalfield. 
By L. Moysey, B.G., F.G.S. 

In the temporary museum in connociioii with this section there will be found a 
(lolloction of fossils illustrating .some of the rarer forms of the Coal ISleasui’e fauna 
obtained during the last eight years from this district. From these it has been 
thought desirable to select some, mainly fragiiKmiary specimens, for more detailed 
desci'iption, in the hope that they may be of assistance in Ihe identilicalion of other 
more perfect specimens, should* such be obtained, aiid that a discussion on their 
more perplexing Features may load to a more definite iflea as to their affinities. 

Spo('im(m 1, fi-om Shiphiv, near llke.si-on, Derbyshire.--- These minute bodi<'S, 
about 2 mm. long, are dvidenily the valve.s of the carapace of a ])hyllopo<h 
A .similar Fossil was (iescribed by Lea' from Fennsylvania nmler the name of 
(^ypriran/ia Ividiji. Dr. 'f. ,Ruj)ort dones* gave it the name <if Arnm teidgi, and 
described twt) varudfes, one L. Iridt/i var. W iltdimf^tourfnn, from Ardwick, near 
Manchoster, ami tluj other A. hidj/t var. Saltcrima, from Cottage Row, Grail, 
I'il’cshire, The present exa,mple agrees fairly closely with the Fifeshiro specimen ; 
but, on the whole, it seems liest to create a new si)€cies for it, Lvaw trigomddr/i 
sp, nov., rather than risk confusion by adding a varietal appellation. 

Specimen 2, from Shipley, is of interest, owing to the gi’eat difficulty of its 
interpretatiion. Pos.sibly the best explanation is that it i.s the glabellar region 
of a. Prestwichia. The presence of two minute crescentic dots, one on each side 
of the median line, is in favour of this theory, on the assumption that they are 
the larval eyes of the animal. Dr. Hcni'y Woodward, however, who has examined 
this specimen, is very doubtful as (o its lemuloid origin. 

Specimen 3, from the Kilbnrn Coal, Trowell Colliery, Notts. — This has also 
been seen by Dr. Henry Woodward, who thinks it may be the terminal segments 
of a macrouron.s decapod, and may be allied to Pygooephalus. The curious 
feature in this specimen is the presence of crescentic openings on each segment 

^ Proc. Acotl. Nat. Sc. PhtludrlpJim, 1855, vii., p. 3-11, pi. 4. 

‘-i MiW. Pal Sac,, 1862, Appemlix, p. 115, Plate L, fig. 21, 
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similar to the ‘ stigmata ’ found in scorpions and other aa'achnids, suggesting that 
it may be a fragment of an air-breathiiig animal. 

Specimen 4, from Shipley, is probably one of the first abdominal segments of 
Eoicorpius sp., two specimens of which genus have been found in this district- — 
one, described by Professor Huxley/ from near Chesterfield, and another, at 
present luidescribed, found by the author in the Digby Claypit, Kimberley, 
Nottinghamshire. • 

Specimen 5, from Brindsloy, Nottinghamshire, is a single segment of an 
arthropod, and iiossibly belongs to an Eurypterns. 

Specimen 6, from Shipley, is the wing of an insect probably belonging to the 
order Palseodictyoptera of Scudder. 

Specimens 7 and 8, also from Shipley, are a fragment of a much smaller 
insect’s wing, which, in its incomplete state, would be impossible to assign, to any 
definite order. 

Insects’ wings are very uncommon in the Coal Measures of this district, only 
one having been found near Chesterfield, and described by S. JI. Scudder 2 under 
the name of Arc/iccoptilns ingens. 


8. The Origin of the British Trias. By A. R. Horwood. 


As a result of an investigation covering the Midland area, and especially 
from a study of the Upper Keiiper of Leicestershire, the author, who has been 
aided in this research by a grant from the Government Grant Committee of the 
Royal Society, has arrived at the conclusion that, in so far as Great Britain is 
concerned, the Trias was laid down under delta conditions, during which, as in 
th© Nil© area to-day, molian action took place, but was not responsible for 
deposition except locally on a small scale, and following the prevalent wind course. 

Th© premisses upon which this view is based arc as follows : — 

X. There is a continuity of area of deposition during the Upper Carboniferous, 
Permian, and Triassic periods, and a relative homology between the different 
parts of each — i.e., the base of each is similarly coarser than the top, and oaidi 
has a red phase ultimately. 

2. There is a gradual gradation from coarse sediments to finer fi'om below 
upwards, as in modern (and other fossil) deltas. For instance, pebbles pre- 
dominate in the lower phase, coarse sandstones (with occasional pebbles) in 
the centre, and finer and finer marls succeed in the last phase, which becomes 
increasingly ferruginous, a.s it merges into the lake-phase of the delta period. 

3. Th© oldest member of the series, the Buntor, is acknowledged to be a 
delta- format ion — as Professor Boimey showed many years ago -and there is no 
evidence for the discontinuity of the agency producing that mode of deposition. 

4. Th© continuity of the Bunter and Keuper is an argument for the extension 
of delta conditions to the Koupor, some * basement beds ’ being indistinguishable 
from the Bunter. 

5. The general evidence of an oscillation of level in early Triassic times and of 
overlapping is a proof of aqueous agency. Coupled together these vertit‘al and 
horizontal movements are more distinctive of fiuviatile tlian lacustrine or marine 
conditions, 

6. There is a close analogy between the contour or geographical configura- 
tion of the Trias (whether we consider concealed or exposed areas), and modern 
delta.s--c.f/., the Mississippi, with its dactyloid extensions beyond the head. 

7. There is a distinct analogy between tho regular alternations of pebbles or 
sand and marl and seasons of torrential rains and floods or drought; that is to 
say, one sort of sediment is brought down at one period of the year, another 
at another. This may be witnessed in modern accumulations such as those of 
the Nile or Mississippi, where floods occur. These alternations are due to over- 
flow of banks where ‘skerries’ lie on the hilly grounds now, just as they did 
when they were deposited. The grey marl is heavier than the red, and deposits 
are arranged as in a diffasion column. 




nee not determinable, 
Scudder, ‘ Haxapod Insects 


of Great Britain,’ 


Men, 


Boston Nat. 


Hist, 
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8. The coloration of the Trias is original ; that is to say, the red coloitr, 
imparted by peroxide of iron, was deposited on sediments under water-level. 
But it is not continuous everywhere with the bedding. * Catenary ’ bedding is 
thus illusory. In only one case has an anticlinal fold of red-coloured marl been 
noticed underlying a grey band, but, on the other hand, synclinal folds are not 
uncommon, as in catenary bedding, the grey (heavier) marl lying In the hollows. 

9. The great thickness of the Bunter pebble beds is a proof of a subsiding area 
at the opening of the Trias and of conditions suitable to a gradually widening and 
deeper delta area. 

Normally delta deposits lie at an angle of about 45 degrees with the river bed, 
but as they are deposited in a subsiding area these beds describe an angle of 
45 degrees and become^ horizontol. Thus the absence of delta bedding (not every- 
where, for it occurs in Bunter, Lower and Upper Keuper here and there) in the 
Trias is proof that it was deposited in a subsiding area. 

The ‘ radial dip ’ around submerged areas is due to the ‘ angle of rest ' which 
normally produces inclined bods. The winding of the course of a river like the 
Mississippi, producing wide alluvial plains, would account for the Red Marl being 
deposited much as in a lacustrine area. 

10. There is evidence from analogy of the ferruginous nature of the Upper 
Coal Measures, Permian, and Trias of the delta origin of the red marls. 

11. The present liorizontality, the littoral or marginal “dip around the hills 
(e.^., Charnwood Forest), with the south-easterly dip (as in the Coal Measures 
and Permian formation), is ori^nal. 

Ti'ias reaches a height of 880 feet on Bardon Hill and is apparently in situ. 
Hence the elevated tracts must originally have been under water. 

Moreover, the following facts may be noted in connection with submerged 
hills under the Triassic covering : — 

(i) The Trias is horizontal away from the older hills, as at Hathcrn, Sileby, &o. 

(ii) It is horizontal within old gullies and fiords within the islandic area as 
well as over * saddlebacks ’ (anticlinal folds in older rocks, as at Longeliffe, 
Enderby), as at Groby, Swithland, Mount Sorrel. 

(iii) There is an absence of faults of any magnitude. A very slight one 
affects the Rhsstics at Glen Parva. The older one at Bardon has no relation to 
the Trias. 

(iv) It occurs filling fissures at great heights, as at Siberia Quarry, Bardon 
Hill. 

12. Only the sandstones or * skerries ’ are rippled, not the marls, with ripples 
S.W. to N.E. in direction ^ that is, the ridges run N.W. by S.E. generally, the 
force moving the wind and wave thus coming from the S.W. This is to be 
noted all round Charnwood Forest. 

13. The screes arc very largely to the S.W. of the submerged older rocks 
which, they cover, and from which (cas on sea-coasts dunes are formed with screes 
forming at the foot of cliffs) they are derived. 

14. The sandstones thin out and di.sappear easUvju’d (as in Iho Lower Keuper), 
the marls westward, and the sandstones or skerries are chiefly on present hilly 
ground (as in the past). 

15. The surface features of the old elevated rocks aro largely original, where 
not covered by the Trias. The crags of High Sharploy, Broombriggs, &c., are 
(juite untouched. The structure of the older formation can be distinctly made out 
as at Hanging Bocks. Blackbrook is only an emptied Triassic fiord. 

16. Desert conditions are confined to the marginal contact of the Bed Marl 
with certain older rocks (chiefly syenites as at Croft and Mount Sorrel), and 
this occurs at the same level indicating its merely local phase. Wind-polished 
recks occur to the west and north of Castle Hill, Mount Sorrel. 

17. There is an absence of desert conditions in the surrounding area— -/.e., away 
from the old rocks. Only in one instance has an anticlinal fold of Red Marl, 
simulating a dune been discovered, as at Sileby. 

18. The beds of gypsum and rock-salt are continuous in a linear direction, 
and are horizontal, which must be due to aqueous deposition, and brought about 
during the greater lagoon phase at the close of the epoch, or the contemporary 
marginal lagoon phase during early periods of the delta formation. 

19. There is a gradual gradation of the Keuper into the Bluetics and so into 
the Lias, marine conditions commencing with* the Rhsetics. 
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2U. The source of the sediinoiits is in a large measure correlated "with that of 
the Biuiter, which was formed by a river c.oiniiig from uorih-wesl Scot], mid. 

21. There i.s a correspondence bciween the c-haracieristics of the micro})cfcro 
graphy of the Bixnter, Keuper, and inodern delta formations. The Leicesterahii'o 
Trias shows signs of chemical action, the Nile delta of mechiMiicnl. The chemical 
composition of volcanic and metamorphic rocks locally argues a^local as well as a 
distant source for the heavier minerals of the Keuper. 

22. The evidence of the llora and fauna shows tliat there were provinces, and 
these were so arranged as to allow for the prevalence of delta conditions. Tdic 
climate was moist and equable. 

Finally, we conclude that there is nothing to prove that desert condition.s did 
anything more than locally act upon the rocks mei‘h{mi(‘ally, and to some extent 
chemically. They had no part whatever in the work of dvjnwition : that is to 
say, they disintegrated the previous rocks (pre-Triassic). There is positive, direct, 
and accumulative evidence to prove that the Trias as a whole (and not the 
Bunter only) was ilie xvork of rivers whu'h have continued to bring sediment in 
one form or another from the north-west of Britain or the north more or-i*less 
continuously, under one condition or another, f]-om the close of the marine pha.se 
of Lower Carboniferous (Mountain Limestone) times. 

^ — 

9, On a Buried Tertiary Valley though the Mercian Chalk Range and its 
later ‘ Ruhble Drift' By Eev. A. Irving, D.Se., B,A, 

The author referred to his paper read at the Cajiibridge Meeting (1004), to 
tlie previous papers therein referred to, and to the report of an excursion iu 
1906.^ New evidence was brought forward showing the aotxial trend of the 
buried tertiary valley through the Chalk Eange; also evidence bearing upon tlie 
later glaciation, and the post-glacial physiography of the upper Slort Valley, 
especially dealing xvith the ‘rubble drift,’ which frequently mantles the upper 
slopes of the valley and admits of a true ctorrclation with the series descnlxed by 
Brest wich.^ This includes (1) sections furnished by some OOO graves in Hockeriil 
churchyard; (2) intorgJa,cial saxids with boulders covered by a la-tcr boulder clay; 
(3) remains of Ele.phai^ prunitjenlus found in the rubble' drift ; (4) remains of 
horse (on both sides of the valley), of red deer (at ♦Stortford and Sawbri(ige- 
worth), of Boh (in considerable quantity at both lho.se }’)lace.s) ; (5) teeth of horse 
and Bos I (6) a perfora.tcd fragment of antler of red deer; (7) a core of horn of 
aurochs atta<*hed to skull fragment; (8) oysters, grypheas, and boknmitos from 
the boulder (day. With these occur human artefacts— Baheolithic and Neolithic 
flint implements and ‘cores,’ fragments of baking-tiles, fragments of pottery 
(Neolithic and Bronsse periods), primitive bricks (moulded with hunmii hands), 
an ingot of crude bronze, fragments of charcoal, and a variety of boulders. 

Kspiuuid attention was diveeded to the work of highdeAwl sprinqs fed by the 
more .samly and gravelly portions of tbo glacial drift of the hill-cap, Siju-e the 
rx?trea,t of the iie the most powei'fiil of those springs bus been cutting hack into 
tiic Loudon Ola.y, and the con.s<?(iuent. hiteral landslideH formerly ponded back 
the water, tnodiicing n bog, recently laid open in the ex(!a,vaiion of a, pond, and 
found to contain a Uolovme mollusrnn fauna. Tn that bog the JwrHe~HkrUf<m ^ 
was found, coated with a black carbonised deposit, baried“ beneath the (day of 
the later landslides of the hill, along with the vegcitable contents of the paumdi 
reduced to the slate of peat. The _ London Clay behind this mantle of ‘rubble 

drift aud the glacial cap o.t the hill '*■ have been proved by four borings made 

into the cap and shxmlder of the hill. The assemblage of geological features hero 
bears comparison with those at Bchussenried described by Oscar Fraas,''^ and the 
bones (in one place mixed with fragments of tiles suggesting a prehistoric 

refuse-heap ) are in much the same stage of decay as those described by 

Naumann from the pile-dwelling site of Starnberger vSee.® An interesting litlio- 
; fogroal observation of glauconite formed in grains on flints is recorded. 

vol. xix.' a Q. J, a. 8., vol. xlviii., May 1892. 

June 5, 1909, ^ Mem. Gcol, SurveiL vol. iv., p. 449, 

2nd Bd., 1867. ' Ibid., 8th Bd., 1875. 
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WEDNESDAY, HEPTHMBFJt 7. 

The following Papers and Reports were read : — 

1. The Pre-Ocemnc Stage of Planetary Developnent, and its Bearing on 
Earliest Hisifiry of the Lithosphere and the Hydrosphere. By Rev. A. 
Irving, D.Sc., B.A. 

The phrase ‘ pre~oceanic stage,* as used by the author^ for more than twenty 
years, is explained, and it is thought that the present offers an opportunity for 
a fuller discussion of what is connoted by it, since it appears to have been 
generally ignored by geologists as if <-onnoting something ultra-geological. The 
physical principles involved are briefly staled, and special reference is made to 
the author’s letter in ‘ Nature five years ago. The bearing of the idea upon 
the results established in recent years for the pre-Cambrian series of rocks, us 
set forth by Professor W. G. Miiller^ last year at Winnipeg, and by Van Hise ^ 
two years ago, is discussed, all tending to throw light upon the true position, 
in the lithospheric succession, of the great crystalline-schist series, as advocated 
by the author in 1888-89, and by Lawson •''» in 1890, on the lines intimated by 
Bonuey *• and Credner.'^' Reference is made to the mineral origin of graphite in 
the Archiean stage/ and the })robable derivative origin of tliat found in the 
Algonkian (Huronian) slates, &i‘. The, great unconformities and basal conglome- 
rates in the North American scries and in other areas are referred to the a.bradiiig 
and o'osivo a,nd abi’asive action of the tides upon the early submarine crustal 
ehwations, when the moon was nearer to the earth than at present,-* while in other 
areas there is an iinbi’oken succession. Criticisms are offered upon a certain 
theory in vogue as to the salinity of ocean waters and upon certain recent pro- 
nouncements of Professor T. C. Chamberlin.*" Reference is made to ‘spiral 
nebulai,’ as illustrating the idea of the nucleate origin of the planets of the solar 
system suggested by the author in 1889 and advocated by him more recently. 


2. Report on the Erratic Bloch of the British Isles . — See Reports, p. 100. 

3. Fifth Report on the Crystalline. Roch of Anglesey . — See Reports, p. 110. 

4. Report on the Faunal Succession in the Lower Carloniferous Limestone 
{Avonian) of the British Isles . — Bee Reports, p. lOG. 


5. Report on the Excavation of Critical Sections in the Palwozolc Roch 
of Wales and the of England . — See Reports, p. 113. 


^ A. Irving, Metamorplmm of Bocks (Longmans, 1889) ; also on ‘ The Malvern 
Crystallines,* (kol. Matj., October 1902. 

‘ On the Consolidation of the Kai*th,* Nature. May 25, 1905. 

^ Brit. Assoc, lleport, 1909. 

^ Presidential Address to the Geol. Boc. of America, 1908. 

® Bulletin Geol. Soc. of America, vol. i,, pp. 175-194. 

® Presidential Address to the Geol. Soc. of London, 1880. 

Geologic (Leipzig, 10th ed,, 1906). 

A. Irving, Brit. Assoc. Beport. 1888, pp. 030, 679 (Bath Meeting) ; Chemical 
Netvs, No. 1505 ; Met. of Bocks, pp. 116-119. 

^ A. Irving, op. cit, p. 91 (reading now pre-Cambrian for ‘ Cambrian *). 

Nature, March 10, 1910. 

" A. Irving, op. cit., p. 22. Also Appendix ii., note c. 

lu Prans. Ffc. Institute, vol. xxxviii., pp. 79, 80 ; also vol. xlii., pp. 187, 220. 
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6. Interim Beport m the Microscopical and Chemical Composition of 
Clicif'^^'wood IRocJcfi, 


7. -Report on the Ignems and Associated Rochs of 
Lough Nafooey Areas, Cos. Mayo and Galtoay.-^ec Reports, p. 110. 


. 8. Report on the Correlation and Age of South African Strata, dc. 
See Eeports, p. 123. 


9. Report of the Geological Photographs Committee, 
vSee Eeports, p. 142. 


10. RepoH on the Fossil Flora and Fauna of the Midland Coalfields. 
See Appendix, p. 827. 


11. Report on Topographical and Geological Terms used locally in South 
Africa , — See Eeports, p. 160. 
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• Section D. — ZOOLOGY. 

President op the Section. — Professor G. C. Bourne, M.A., D.Sc., P.R.S. 


THURSDAY, SEPTEMBER 1. 

The President delivered the following Address : — 

In choosing a subject for the address with which it is my duty, as President of 
this Section, to trouble you, I have found myself in no small embarrassment. 
As one whose business it is to lecture and give instruction in the details of 
comparative anatomy, and whose iJublished work, quale cumjiie. has been 
indited on typical and, as men would now say, old-fashioned morphological lines, 

1 seem to stand self -condemned as a morphologist. For morphology, if I read the 
signs of the times aright, is no longer in favour in this country, and among a 
section of the zoological world has almost fallen into disgrace. At all events, 1 
have been very frankly assured that this is the case by a large proportion of the 
young gentlemen whom it has been my fate to examine during the past tvro years ; 
and, as this seems to be the opinion of the rising generation of English zoologists, 
and as there are evident signs that their opinion is backed by an influential section 
of their elders, I have thought that it might be of some interest, and perhaps of 
some use, if 1 took this opportunity of oflex’ing an apology for animal morphology. 

It is a sound rule to begin with a definition of terms, so I will first try to give 
a short answer to the question ‘ What is morphology ? ’ and, when I have given 
a somewhat dogmatic answer, I will try to deal in the course of this address with 
two further questions : What has morphology done for zoological science in the 
past ? What remains for morphology to do in the future ? 

To begin with, then, what do we include under the term morphology? I 
must, first of all, protest against the frequent assumption that we are bound by 
the definitions of C. P. Wolff or Goethe, or even of Haeckel, and that we may 
not enlarge the limits of morphological study beyond those laid* down by the 
fathers of this branch of our science. We are not — at all events we should not be 
— bound by authority, and we owe no allegiance other than what reason commends 
to causes and principles enunciated by our predecessors, however eminent they 
may have been. 

The term morphology, stripped of al the theoretical cf)iu*epUons that have 
clustered around it, meaTis nothing more than the study of form, and it is 
applicable to all branches of zoology in which the relatiojiships of animals are 
determined by reference to their form and structure. Morphology, therefore, 
extends its sway not only over the comparative anatomy of adult and recent 
animals, but also over palajontology, comparative einbryology, systematic zoology 
and cytology, for all these branches of our science are occupied with the study of 
form. And in treating of^form they have all, since the acceptance of the doctrine 
of descent with modification, made use of the same guiding principle — ^namely, 
that likeness of form is the index to blood-relationship. It was the introduction 
of this principle that revolutionised the methods of morphology fifty years ago, 
and stimulated that vast output of morphological work which some persons, 
erroneously as I think, regard as a departure from the line of progress indicated 
by Darwin. 

^ We may now ask, what has morphology done for the advancement of zoological 
science since tlie publication of the * Origin of Species’? We need not stop to 
inquire what facts it has accumulated : it is sufficiently obvious that it has added 
enormously to our stock of concrete knowledge. We have rather to ask what 
great general principles has it established on so secure a basis that they meet 
with universal acceptance a.t the hands of competent zoologists? 

It has doubtless been the object of morphology during the past half-century 
to illustrate and confirm the Darwinian theory. How far has it been successful ? 
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To answer this question we have to be sure of what we mean whcm we speak o1* 
the Darwinian theory. 1 think that wo mean at least two things, (1) That the 
assemblage of animal forms as we now .‘•ec them, with all their diversilies of form, 
habit, and structure, is directly descended from a precedent and somewhat 
different assemblage, and these in turn from a precedent and more different 
assemblage, and soon down to remote periods of geological time. ^ Further, thai 
throughout all these pei'iods iiiheriia.nco combined with clningeahility of structure 
have, been the factors operative in producing the iliff(‘r<mces In^.twcen tlui succes- 
sive assemblages, (2) That the modifications of form whi(‘}i this theory of evolu- 
tion implies have been rejected or preserved and accumuhiti'd by the action of 
natural selection. 

As regards the first of these popositioiis, T think there can bo no doubt that 
morphology has done great seiwice in establishing our belief on a secure basis. 
The transmutation of animal forms in past time cannot bo proved directly ; it can 
only be shown that, as a theory, it has a much higher degree of probability than any 
other that can bo brought forward, and in order fco est.abii.sh the highest possible 
degree of probability, it was necessary to demonsirato that all anatomical, embryo- 
logical, and pahcontological fact.s were consistent with it-. We ore apt to forget, 
nowadays, that there is no a priori reason for regarding the resemblatices and 
differences that we observe in organic forms as something different in kind from the 
analogous series of resemblances and differences that obtain in inanimate objects. 
This was clearly pointed out by Fleeming Jenkin in a very able and much- 
referred to article in the ‘ North British Ueviow ’ for June 1807, and his {irgument 
from the a priori standpoint has as much force to-day as when it was written 
forty- three years ago. But it has lost almost all its force ihruiigh the arguments 
a posteriori supplied by morphological scionce. Our belief in the transmutation 
of animal organisation in past time is founded very largely upon our minute and 
intimate knowledge of the manifold relations of structural foi’m that obtain 
among adult animals ; on onr precise knowledge of the steps by which those adult 
relations are established during the development of dilforeni kinds of animals ; 
Dn our constantly increasing knowledge of the succession of animal forms in past 
time; and, generally, on the conviction that all the diverse forms of tissues, 
organs, and entire animals are but the expression of an infinite number of varia- 
tions of a single theme, that theme being cell-division, multiplication, and 
differentiation. This conviction grew but slowly in men’s minds. Tt was opposed 
to the cherished beliefs of centuries, and morphology rendered a necessary service 
when it spent all those years which have been described as ‘years in the wilder- 
ness ’ in accumulating such a mass of circumstantial evidence in favour oE an 
evolutionary explanation of the order of animate nature ns to place th<^ doctrine 
of descent with modification on a secure fotindation of fact. I do not believe 
that this fou'ndation could have been so securely laid in any other way, a,nd T 
hold that zoologists wore actuated by a sound instinct in working so largely on 
morphological linos for forty years after Darwin wrote. Ifor there was a fn-rge 
mass of fact and theory to be remodelled and brought into hiinnony with ihe new 
ideas, and a still Ijirger vtvin of nn(HH(‘<weiHMl faett to explore. The mutttn- wa,H 
difl'icult and the pace could not be forced. Morphology, thcrofoiHi, deserves the 
credit of having done well in ihe pnst ; tlm question remains, What can it do in 
the future ? 

It is evident, I think, that it cannot do much in the way of adding now truths 
and general principles to zoological s<-iencfo, nor evtm much' more that is useful in 
the verification of established principles, without enhyging its scope and methods. 
Hitherto--or, at any rate, until very recently— it has accepted certa.iu guiding 
principles on faith, and, without iminiring too closely into their validity, has 
occupied itself with showing that, on the assumption that these principles are 
true, the phenomena of animal structure, development, and succession receive 
a reasonable explanation. 

We have seen that the fundamental principles relied upon during the last fifty 
years have been inheritance and variation. In every inference drawn from the 
comparison of one kind of animal structure with' another, the morphologist 
founds himself on the assumption that different degrees of similitude correspond 
more or less closely to degrees of blood-relationship, and to-day there are probably 
few persons who doubt that thi.s assumption is valid. But we must not forget 
that, before the publication of the ‘Origin of Species,’ it was rejected by the 
most influential zoologists as an idle speculation, and that it is imperilled by 
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Mendelian experiments showing that characters may be split up and reunited in 
different combinations in the course of a few generations. We do not doubt the 
importance of the principle of inheritance, but we are not quite so sure as we 
were that close resemblances are due to close kinship and remoter resemblances to 
remoter kinship. 

The principle of variation asserts that like does not beget exactly like, but 
something more or l^s different. For a long time morphologists did not inquire 
too closely into the question how these differences arose. They simply accepted 
it as a fact that they occur, and that they are of sufficient frequency and 
magnitude, and that a sufficient proportion of them lead in such directions that 
natural selection can take advantage of them. Difficulties and objections were 
raised, but morphology on the whole took little heed of them. ^ Remaining stead- 
fast in its adherence to the principles laid down by Darwin, it contented itself 
with piling up circumstantial evidence, and met objection and criticism with an 
ingenious apologetic. In brief, its labours have consisted in bringing fresh in- 
stances, and especially such iiistances as seem unconformable, under the rules, 
and in perfecting a system of classification in illustration of the rules. It is 
obvious, however, that, although this kind of study is both useful and indis- 
pensable at a certain stage of scientific progress, it does not help us to form new 
rules, and fails altogether if the old rules are seriously called into question. 

As a matter of fact, admitting that the old rules are valid, it has become in- 
creasingly evident that they are not sufficient. Until a few years ago morpho- 
logists were open to the reproach that, while they studied form in all its variety 
and detail, they occupied themselves too little — if, indeed, they could be said to 
occupy themselves at all — wdth the question of how form is produced, and how, 
when certain forms are established, they are caused to undergo change and give 
rise to fresh forms. As Klebs has pointed out, the forms of animals and plants 
were regarded as the expression of their inscmtable "inner nature, and the stages 
passed through in the development of the individual were represented ’ as the 
outcome of purely internal and hidden laws. This defect seems to have been 
more distinctly realised by botanical than by zoological morphologists, for Hof- 
meister, as long ago as 1868, wrote that the most pressing and immediate aim of 
the investigator was to discover to what extent external forces acting on the 
organism are of importance in determining its form. 

If morphology was to be anything more than a descriptive science, if it was 
to progress any further in the discovery of the relations of cause and^ effect, it 
was clear that it must, alter its methods and follow the course indicated by 
Hofmeister. And I submit that an inquiry into the causes which produce altera- 
tion of form is as much the province of, and is as fitly called, morphology as, let 
us say, a discussion of the significance of the patterns of the molar teeth of' 
mammals or a disputation about the origin of the coelomic cavities of vertebrated 
and invertebrated animals. 

There remains, therefore, a large field for morphology to explore. Exploration 
has begun from* several sides, and in some quarters has made substantial progress. 
It will be of .interest to consider how much progress has been made along certain 
lines of research — we cannot now follow all the lines — and to forecast, if possible, 
the direction that this pioneer woidi: will give to the morphology of the future. 

I anl not aware that morphologists have, until quite x'ecently, had any very 
clear concept pf what may be expected to underlie form and structure. Dealing, 
as they have dealt, almost exclusively with things that can be seen or rendered 
visible by the microscope, they have acquired the habit of thinking of the 
organism'as made up of organs, the organs of tissues, the tissues of cells, and the 
cells as made up — of whafc? Of vital units of a lower order, as several very 
distinguished biologists would have us believe ; of physiological units, of micellae, 
of determinants and hiophors, or of pangenes; all of them essentially morpholo- 
gical conceptions ; the products of imagination projected beyond the confines of the 
visible, yet always restrained by having only one source of experience — namely, 
the visible. One may give unstinted admiration to the brilliancy, and even set a 
high value on the usefulness, of these attempts to give formal representations of 
the genesis of organic structure, and yet recognise that their chief utility has been 
to make us realise more clearly the problems that have yet to be solved. 

Stripped of all the verbiage that has accumulated about them, the simple 
questions that lie immediately before us are : What are the causes which produce 
1910. S S 
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chan^fes in the forms of animals and plants? Are they purely internal, and, if so, 
are their laws discoverable? Or are they partly or wholly external, and, if so, 
how far can we find relations of cause and effect between ascertained chemical 
and physical phenomena and the structural responses of living beings ? 

As an attempt to answer the last of these questions, we have the recent re- 
searches of the experimental morphologists and embryologists directed towards 
the very aim that Hofmeister proposed. Originally founded by Itoux, the school 
of experimental embryology has outgrown its infancy and has developed into a 
vigorous youth. It has produced some very remarkable results, which cannot fail 
to exercise a lasting influence on the course of ssoological studies. We have learnt 
from it a number of XJositive facts, from which we may draw very important con- 
clusions, subversive of some of the most cherished ideas of whilom morphologists. 
It has been proved by experiment that very small changes in the chemical and 
physical environment 'may and do produce specific form-changes in develoj^ing 
organisms, and in such experiments the consequence follows so I'egularly on 'the 
antecedent that we cannot doubt that we have true relations of cause and effect. 
It is not the least interesting outcome of these experiments that, as Loeb has 
remarked, it ia as yet impossible to connect in a rational way the effects produced 
with the causes which produced them, and it is also impossible tio define in a 
simple way the character of the change so produced. For example, there i,s no 
obvious connection between the minute quantity of sulpbate.s present in sea- 
water and the number and position of the characteristic calcareous spicules^ in the 
larva of a sea-urchin. Yet PTerbat has shown that if the eggs of sea-urchins arc 
reared in sea-water deprived of the needful sulphn-tes (noimally 0'26 per cent, 
magnesium sulphate and *1 per cent., calcium sulphate), the number and relative 
positions of these spicules are altered, and, in addition, change.^ are produced in 
other organs, such as the gut and the ciliated bands. Agam,"there is no obvious 
connection bet*ween the pi’esence of a small excess of maD’iiesium chloride in sea- 
water and the development of the paired optic vesicles. Yet Stockard, by adding 
magnesium chloride to sea-water in the proportion of 6 grams of the former to 
100 c.c. of the latter, has produced specific effects on the eyes of developing 
embryos of the minnow Fundnlm ?i(ttewcUtus : the optic vesicles, instead of being* 
formed as a widely separated pair, were caused to approach the median line, and 
in about 50 per cent, of the embryos experimented upon the changes wei*e so pro- 
found as to give rise to cyclopean monsters. Many other instances might be cited 
of definite effects of physical and chemical agencies on particular orgjins, and wo 
are now forced to admit that inherited tendencies may be completely overcome 
by a minimal change in the environment. The nature of the organism, therefore, 
is not all important, since it yields readily to influences which at one time we 
should have thought inadequate to pi'oduce perceptible changes in it. 

It is open to anyone to argue that, interesting as experiments of this kind 
may be, they throw no light oh the origin of permanentr- -that is to say, inherit- 
able — modifications of structure, Tt has for a long tinjo been a. matter of <‘omrnion 
knowledge that individual plants and animals react to thoir enviimmcnt, but 
the modifications induced by these x’eactiona are Bomntie; the germ plasm is not 
affected, therefore the changes are not inherited, and no permanent cffecit is pro- 
duced in the characters of the race or species. It. is true that no evidence has 
yet been produced to show that f<->rni -changes as profound ns those that T have 
mentioned are transmitted^ to the offspring. So fa,r the cxperimenterB have not 
been able to rear the modified organisms beyond the larval stages, and so there 
are^ no offspring to show whether cvolopean eyes or modified forms of spicules are 
inherited or not. Indeed, it is pos.sible that the balance of orfoinisation of animals 
thus modified has been upset to such an extent that they are incapable of growing 
into adults and reproducing their kind. 

But evidence is beginning to accumulate which shows that external conditions 
may produce changes in the germ-cells as well as in the soma, and that such 
changes may be specific and ^of the same kind as similarly produc<»d somatic 
changes. Further, there is evidence that such terminal changes are inherited- — 
indeed, we should expect themi to be, because they are germinal. 

The evidence on this subject is as yet meagre, but it is of good quality and 
; I rom more than one source. 

the well-known, experiments of Weismann, Htandfuas, MeiTifield, 
Fischer bn the modification of the colour patterns on the wings of various 
T^pidopter^, . •-*' 
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In the more northern forms of the fire-bntterfly, Clirysophnmis {Polyommatus) 
'^ihlcsas, the upper surfaces of the wings are of a bright red-gold or copper colour 
with a narrow black margin, but in southern Europe the black tends to extend 
over the whole surface of the wing and may nearly obliterate the red-gold colour. 
By exposing piipc,e of caterpillars collected at Naples to a temperature of 10*^ C. 
Weismann obtained butterflies more golden than the Neapolitan, but blacker 
than the ordinary German race, and conversely, by exposing pupae of the German 
variety to a temperature of about 38° C., butterflies were obtained blacker than 
the German, but not so black as the Neapolitan variety. Similar deviations from 
the normal standard have been obtained by like means in various species of 
Vanessa by Standfuss and Merrifield. Standfuss, working with the small tortoise- 
shell butterfly (Fa?2es.9a urticce), produced colour aberrations by subjecting the 
pupae to cold, and fonnd that some specimens reared under normal conditions 
from the eggs produced by the aberrant forms exhibited the same aberrations, 
but in a lesser degree. Weismann obtained similar results with the same species. 
E. Fischer obtained parallel results with Arctia raja, a brightly coloured diurnal 
moth of the family Bombycidae. Pupae of this moth were exposed to a tempera- 
ture of 8° C., and some of the butterflies that emerged were very dark-coloured 
aberrant forms. A pair of these dark aberrants were mated, and the female pro- 
duced eggs, and from these larvaa and pupae were reared at a normal temperature. 
The progeny was for the most part normal, but some few individuals exhibited the 
dark colour of the parents, though in a less degree. The simple conclusions to be 
drawn from the results of these experiments is that a proportion of the germ- 
cells of the animals experimented upon were affected by the abnormal tempera- 
tures, and that the reaction of the germ-cells was of the same kind as the reaction 
of the somatic cells and produced similar results. As everybody knows, Weis- 
niann, while admitting that the germ-cells were affected, would not admit the 
simple explanation, bxit gave another complicated and, in my opinion, wholly 
unsupported explanation of the phenomena. 

In any case this series of experiments was on too small a scale, and the separate 
experiments were not sufficiently carefully planned to exclude the possibility 
of error. But no objection of this kind can be urged against the careful and 
prolonged studies of Tower on the evolution of chrysomelid beetles of the genus 
Leptinotai'sa. Leptihotana — better known, pex'haps, by the name Doryphora — is 
the potato-beetle, which has spread from a centre in North Mexico southwards 
into the isthmus of Panama and northwards over a great part of the United 
States. It is divisible into a large number of species, some of which are dominant 
and widely ranging ; others are restiucted to very small localities. The specific 
chara(!ters relied upon are chiefly referable to the colouration and colour patterns 
of the epieranium, pronotum, elytra, and underside of the abdominal segments. 
In some species the specific marliings are very constant, in others, particularly in 
the common and wide-ranging L. decemlineataf they vary to an extreriie degree. 
Ati the potato-beetk is easily reared and maintained in captivity, and produces 
two broods every year, it is a particularly favourable subject for experimental 
investigation. Tower’s experiments have extended over a period of eleven years, 
and he has made a thorough study of the geographical distribution, dispersal, 
habits, and natural history of the genus. The whole work appears to have been 
prried out with the most scrupulous regard to scientific accuracy, and the author 
is unusually {Cautious in drawing conclusions and chary of offering hypothetical 
explanations of his results. I have been greatly impressed by the large scale on 
which the experiments have been conducted, by the methods used, by the care 
taken to verify evei'y result obtained, and by the great theoretical importance of 
Tower’s conclusions. T can do no more now than allude to some of the most 
remarkable of them. 

After showing that there are good grounds for believing that colour production 
in insects is dependent on the action of a group of closely related enzymes, of 
which chitase, the agent which produces hardening of chitin, is the most im- 
f)ortant, Tower demonstrates by a series of well-planned experiments that colours 
are directly modified by the action of external agencies-^-viz. , temperature, 
humidity, food, altitude, and light. Food chiefly affects the subhypodermal 
colours of the larvae, and does not enter much into account ; the most important 
agents affecting the adult colouration being temperature and humidity. A diyht 
increase or a dUjhf decrease of temperature or humidity was fonnd to stimulate 

s s 2 
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the notion of the colonr-prodncing cnzynnefi, giving a tendency to melnnisTn bnt 
a large increase or decrease of tenipcraiure or humidity was found io inhibit the 
action of the enzymes, producing a strong tendency to albinism. 

A set of experiments was undertaken to test the <pK‘stion whether colorathm 
cliauges induced by changed environmentai conditions were inheidted, iruTcased, 
or dropped in successive generations. These experiments, c^arried on for ten 
lineal generations, showed that the changed conditions imnVediately produced 
their maximum effect; that they were purely somatic and wore not inherited, the 
progeny of individuals which had been expased to changed conditions through 
several generations promptly reverting when returned to normal conditions of 
environment. So far the result.s are confirmatory of the well-established pro- 
position that induced somatic changes are not inheritable. 

Bnt it was found necessary to remove the individuals experimented upon from 
the influence of changed (conditions during the periods of growth and matura- 
tion of the gtiim-cells. Potato-beetles emerge from the pupa or from hibernation 
with the germ-cells in an undeveloped condition, and the ova do not all undergo 
their development at onco, but are matured in batches. The first batch matures 
during the first few days following emergence, then follows an interval of from 
four to ten days, after whicdi the next batch of eggs is matured, and so on. This 
fact made it possible to test the effect of altered conditions on the maturing 
germ-cells by subjecting its imagos to exiDerimenlal conditions during the 
(levelopment of some of the batches of ova and to normal conditions during the 
development of other batches. 

In one of the experiments four male and four female individuals of L, dveem- 
lineata were subjected to very hot and dry conditions, accompanied by low 
atmospheric pressure, during the development and fertilisation of the first three 
batches of eggs. Such conditions had been found produ(;tive of albinic deviations 
in previous experiments. As soon as the eggs were laid they wore removed to 
normal conditions, and the larvse and pupae reared from them were kept in normal 
conditions. Ninety-eight adult beetles were reared from these batches of eggs, 
of which eighty-two exhibited the characters of an albinic variety found in nature 
and described as a species under the name pallida; two exhibited the characters 
of another albinic species named immac.ulothomXi and fourteen were unmodified 
da^teAnlimatm. This gave a clear indication that the altered conditions had pro- 
duced mo(iifications in the germ-cells which were expressed by colour changes in 
the adult individuals reared from them. To prove that the deviations were not 
inherent in the germ-plasm of the parents, the latter were kept under normal 
conditions during the periods of development and fertilisation of the last two 
batches of eggs ; the larvae and pupae reared from these eggs were similarly sub- 
jected to nomial oonditions, and gave rise to sixty-one unm()difiefl dvntmiUnentdfi, 
which, when bred together, cam© true to type for thro© generations. The dacem- 
lineata forms proflii<*ed under experimental conditions also came true to type when 
bred together. Of the pallida forms produced by experimental conditions all but 
two males were killed by a bacterial disease. These two were crossed with normal 
decemlineata females, and the result was a typical Mendelian segrega,tion, as 
shown by the followng fahl© 

2 S pallida x 2 ? decomlineata 

4 

Hybrids, deceunlineata characters dominant 

5 <? X 3 ? 


Pallida 
6 (^,4 ? 


Pallida 
IS ^,23 S 


" '-a 

Becemlineata and hybrids 

16 d, U 9 

Pallida Becemlineata and hybrids 

8 ^,7 9 26 ^,28 9 
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This is a much more dotfailed experiment than those of Standfuss, Merrifield, 
and Fisher, and it shows that the changes produced by the action of altered condi- 
tions on the maturing germ-cells were definite and discontinuous, and therefore 
of the nature of mutations in De Vries* sense. 

In another experiment Tower reared three generations of decemlmeata to test 
the purity of his stock. He found that they showed no tendency to produce 
extreme variations under normal conditions. From this pure stock seven males 
and seven females were chosen and subjected during the maturation periods of 
the first two batches of ova to hot and dry conditions. Four hundred and nine 
eggs were laid, from which sixty-nine adults were reared, constituted as follows ; 


Twenty (12 <?, 8 
IVenty- three (10 <?, 13 $ ) 
Five (2 3 ? ) . 

Sixteen (9 d*, 7 ? ) . 


apparently normal demnlincata. 
pallida. 

iinmaculothorajc. 

ulbida. 


These constituted lot A. < 

The same seven pairs of parents subjected during the second half of the repro- 
ductive period to normal conditions gave 840 eggs, from which were reared 123 
adults, all decemlineaias. These constituted lot B. The decemlineatas of lot A 
and lot B were reared side by side under normal and exactly similar conditions. 
The results were striking. From lot B normal progeny were reared up to the 
tenth generation, and, as usual in the genus, two generations were produced in 
each year. The decemlineatas of lot A segregated into two lots in the second 
generation. were normal in all respects, but A“, while retaining the normal 
appearance of decemlbieafaj went through five generations in a year, and this for 
three successive years, thus exhibiting a remarkable physiological modification, 
and one without parallel in nature, for no species of the genus Leptinotarsa are 
known which produce more than two generations in the year. This experiment is 
a sufficient refutation of Weismann*s argument that the inheritance of induced 
modifications in Vanessa urticce is only apparent, the phenomena observed being 
due to the inheritance of two kinds of determinants—one from dark-coloured 
forms which are phyletically the oldest, and the other from more gaily coloured 
forms derived from the darker forms. There is no evidence whatever that there 
was ever a species or variety of potato-beetle that produced more than two, or at 
the most, and then as an exception, three broods in a year. 

The modified albinic forms in this last experiment of Tower*s were weakly; 
they were bred through two or three generations and came true to type, but 
then died out. No hybridisation experiments were made with them but in other 
similar experiments, which I have not time to mention in detail, modified forms 
produced by the action of changed conditions gave typical Mendelian characters 
when crossed with unmodified decemlineatas, thus proving that the induced 
characters were constant and heritable according to the regular laws. 

I have thought it worth while to relate these experiments at some length, 
because they seem to me to be very important, and because they do not appear 
to have attracted the attention in this country that they deserve. 

They are confirmed to a very large extent by the experiments of Professor 
Klebs on plants, the results of which were published this summer in the Croonian 
I^ecture on ' Alterations of the Development and Forms of Plants as a Result of 
Environment.* As I have only a short abstract of the Croonian Lecture’to refer 
to, I cannot say much on this subject for fear of misrepresenting the author; but 
as far as I can judge, his results are quite consistent with those of Tower! 
Sevipervivum funckii and S. acuminatum were subjected to altered conditions of 
light and nutrition, with the result that striking variations, such as the trans- 
formation of sepals into petals, of petals into stamens, of stamens into petals and 
into carpels, were produced. Experiments were made on Sempervivum acumina- 
tum^ with the view of answering the question whether such alterations of flowers 
can be transmitted. The answer was in the affirmative. The seeds of flowers 
artificially altered and self-fertilised gave rise to twenty-one seedlings among 
which four showed surprising deviations of floral stinictm’o. In two of these 
seedlings all the flowers were greatly altered, and presented some of the modifica- 
Hons of the mother plant, especially the transformation of stamens into petals 
These experiments are still in progress, and it would perhaps be premature to 
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lay too much stiress upon th^em if it wore not for the tact tliat they are so oom- 
pletely confirmatory of the results obtained by similar methods iii the animal 
kingdom. . 

1 submit to you that evidence is furthcoming that external conditions may give 
rise to inheritable alterations of structure. ISot, however, as was once supposed, 
by producing specific changes in the parental soma, which chang(‘s were reflected, 
so to speak, upon the gorm-cells. The now evidence confirnis the distinctions 
drawn by Weismann between somatic and germinal variations, it shows that 
the former are not inherited, while the latter are^ but it indicates that the germ 
may be caused to vary by the action of external conditions in such a manner as to 
produce specific changes in the progeny resulting from it. It is no more possible 
at the present time to connect rationally the action of external conditions on the 
germ-cells with the specific results produced in the progeny than it is possible 
to connect cause with effect in the experiments of IterUsi and Stockard; but, 
when we compare these two kinds of expex-imenis, we aa'e no longer able to argue 
thati it is inconceivable that such and such conditions acting (ni the germ- plasm 
can produce such and such effects in the next generation of adults. We must 
accept the evidence that things which appeared inconceivable do in fact happen, 
and in accepting this we remove a groat obstacle from the path of our inquiries, 
and gain a distinct step in our attempts to discover the laws whicdi determine the 
production of organic form and structure. 

But such experiments as those which I have montionod only deal with ono 
aspect of the problem. They tell us about external conditions and the effects 
that they are observed to produce upon the organiKsm. They give us no definite 
information about the intenial changes which, taken together, constitute the 
response of the organism to exteraal stimuli- As Darwin wrote, there arc two 
factors to be taken into account — ^the nature of the conditions and the natui’e of 
the organism — and the latter is much the more importiuit of the two. More im- 
portant because the reactions of animals and plants are manifold 5 but, on the 
whole, the changes in the conditions are few and small in amount. Morphology 
has not succeeded in giving us any positive knowledge of the nature of the 
organism, and in this matter we must turn for guidance to the physiologists, and 
ask of them how far recent researches have resulted in the discovery of factors 
competent to account for change of structure. Perhaps the first step in this 
inquiry is to ask whether there is any evidence of internal chemical changes 
analogous in their operation to the external physical and chemical changes which 
we have been dealing with. 

There is a great deal of evidence, but it is extremely difficult to bring it to a 
focus and to show its relovancjr to the particular problems that perplex the zoolo- 
gist. Moreover, the evidence is of so many different kinds, and eacjh kind is so 
technical and complex, that it would be absurd to attempt to deal with it at the 
end of an address that has already been drawn out to sufli^dctit length. But 
perhaps I may be allowed to allude to one or two gonoralisations which appear to 
me to be most suggestive. 

We shall all agree that, at the bottom, production and (ihangc of form is duo 
to increase or diminution of the activities of grmqns of (^olLs, and we arc aware 
that in the higher animals change of sii-ucturo is not aJiogether a hjcal affair, but 
carries with it certain consequences in the nature of corrokited cluuiges in other 
parts of the body. If we are to make any progress in the study of morpliogtmy, 
we ought to have as exact ideas as possible as to what wo moan when wo .npmk i>f 
the activities of cells and of correlation. On those subjects physiology sui)plies 
us with ideas much more exact than those derived from morphology, 

^ It is, perhaps, too sweeping a generalisalion to assert that the life of any 
given animal is the expression of the sum of the activities of the enzymes con- 
tained in it, but it seems well established that the activities of cells arc, if not 
wholly, at all events largely, the result of the actions of the various kinds of 
enzymes held in combination by their living piotoplasm. These enzymes are 
highly susceptible to the influence of physical and chemical media, and it is 
because of this susceptibility that the organism responds to changes in the en- 
vironment, as is clearly illustrated in a particular case by Tower’s experiments 
■m the production of colour changes in potato-beetles. Bayliss and Starling have 
that m lower pimals; protozoa and .sponges, in which no nervous system 
•mH' oeep^ developed, the response of the organism to the environment is ejected by 
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gui'^ly chemical means. In protozoa, becairse of their small size, the question 
of coadaptation of function hardly comes into question; but in sponges, many of 
which are of large size, the mechanism of coadaptation must also be almost exclu- 
sively chemical. Thus we learn that the simplest and, by inference, the phyle- 
tically oldest mechanism of reaction and co-ordination is a chemical mechanism. 
In higher animals the necessity for rapid reaction to external and internal stimuli 
has led to the detelopmenb of a central and peripheral nervous system, and as we 
ascend the scale of organisation, this assumes a gi'eater and greater importance as 
a co-ordinating bond betv/een the various organs and tissues of the body. But 
the more primitive chemical bond persists, and is scarcely diminished in im- 
portance, but only overshadowed by the more easily recognisable reactions due to 
the working of the nervous system. In higher animals we may recognise special 
chemical means whereby chemical coadaptations are established and maintained at 
a normal level, or under certain circumstances altered. These are the internal 
secretions produced by sundry organs, whether by typical secretory glands {in 
which case the internal secretion is something additional aircl different from the 
external secretion), or by the so-called ductless glands, such as the thyroid, the 
thymus, the adrenal bodies, or by organs which cannot strictly be called glands — 
namely, the ovaries and testes. Aii these produce cheniica-1 substances which, 
passing into the blood or lymph, are distributed through the system, and have 
the peculiar property of regulating or exciting the specific functions of other 
organs. Not, however, of all the organs, for the different internal secretions are 
more or less limited and local in their effects : one affecting the activity of this 
and another the activity of that kind of tissue or organ. Starling proposed the 
name hormones for the internal secretions because of their excitatory properties 
(6f>/Aa«, to stir up, to excite). 

Hormones have been studied chiefly from the point of view of their stimu- 
lating effect on the metabolism of various organs. From the morphologist’s point 
of view, interest chiefly attaches to the possibility of their regulating and pro- 
moting the production of form. It might be expected that they should be ef&cient 
agents in regulating form, for, if changes in structure are the result of the 
activities of groups of cells, and the activities of cells are the results of the 
activities of the enzymes which they contain, and if the activities of the enzymes 
are regulated by the hormones, it follows that the last-named must be the ultimate 
agents in the i;)roduction of form. It is difficult to obtain distinct evidence of 
this agency, but in some cases at least the evidence is sufficiently clear. I will 
confine myself to the effects of the hormones produced by the testes and ovaries. 
These have been proved ty be intimately connected with the development of 
secondary sexual characters^ — such, for instance, as the characteristic shape and 
size of the horns of the bull; the comb, wattles, spurs, plumage colour, and spws 
in poultry ; the swelling on the index finger of the male frog ; the shape and size 
of the abdominal segments of crabs. These are essentially morphological characters, 
the results of increased local activity of cell-growth and differentiation. As they 
are attributable to the stimulating effect of the hormone produced by the male 
organ in each species, they afford at least one good instance of the production 
of a specific change of form as the result of an internal cheniical stimulus. We 
get here a hint as to the nature of the chemical mechanism which excites and 
correlates form and futietion in higher organisms; and, from what has just been 
eaid, we perceive that this is the most primitive of all the animal mechanisms, I 
submit that this is a step towards forming a clear and concrete idea of the inner 
nature of the organism. There is one point, and that a very important one, upon 
which we are by no means clear. We do not know how far the hormones them- 
selves are liable to change, whether by the action of external conditions or by the 
reciprocal action of the activities of the organs to which they are related. It is at 
lea.st conceivable that agencies which produce chemiccal disturbances in the cir- 
culating fluids may alter the chemical constitution of the hormones, and thus 
produce far-reachng effects. The pathology of the thyroid gland gives some 
ground for belief that such changes may be produced by the action of external 
conditions. But, however this may be, the line of reasoning that we have followed 

^ See J. T. Cunningham, “ The Heredity of firecondary S’exual Oharaoters in 
relation to Hormones, a Theorjr of the Inheritance of Somatogenic Characters.’* 
Archiv /. EiitwkklungnmecJianih, xxvi., 1908. 
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rai^s the expectation that a chemical bond must exist between the functionallv 
active organs of the body and the germ-ccils. For if, in the absence of a 
specialised nervous system, the only possible regulating and coadapting mechanism 
is a chemical mechMism, and it the specific activities of a coil arc dependent on the 
enz^es which it holds in combination, the germ-cells of any given animal nmsf 
the depositoiy of a stock of enzymes sulBcient to insure the duo succession of nil 
its developmental stages as well as of its adult structure and fuactions. And as tim 
number ot blastomeres increases, and the need for co-ordination of form and I'mic- 
tion arises, beiore ever the rudiments of a nervous sysU>m uie dilferontiated it is 

^ of appropriate horiuoiiea to supply 
the chemcal nexus between the different parts of the embryo. The only alterL^ 
mln/^ to suppose that they are synthesi^d as required in the course ot develop- 
ment. There are grave objections to this supposition. All the evidence at onr 
disposal goes to show that the potentialities of germ-oells are determined at the 
dose of the maturation divisions. Following the physiological line of argument 
it must be allowed that in this connection ‘ potentiality ’ can moan nothiiio else 
than chemical constitution. If we admit this we admit the validity ofthe theory 
advaiioed by more than one physiologist that heritable ‘ charaXms ’ or ‘ f 
dencies must be identified with the enzymes carried in the germ-cells If thiR 
be a true representation of the facts, and'^if the most fundamS and primitive 
hardlv^l?r+hfi “d another is a chemical bond, it can 

the seMe of being the leSwifferentiated.^dirin^the body^^^ 

kinds into separate cells or perhaps nrior segregation of the different 

of the fertilised ovunrg vTn|rise *tethrnh 

tion? The idea is puilirsleculativ^ b^il ^ Prelocdisa- 

SSr 111? sf ;=‘ 

one’s Vay in the uXoL To stav f,fn’ '“^cly to lose 

ideas IS no doubt a safe course, but if does not environment of familiar 

logy, I believe, has as great a fSie Wore i Morpho- 

oan only realise that future by leaviim its nPi i, * «■ Past behind it, but it 

furniture of well-worn rules and mSds tid comfortable 

stages Of which will crtainly ho urStablo a^fte oK faJ^nS."”^ 


P SID AY, SEPTEMBER 2 . 

Joint Meeting with Section K. . 

The following Papers were read 

1. M-itohmelism. By Professor Marcus Hartos, D.Sc. 

^ opposite magne^tio°^or^eledric^pde“ waTfi°f mm “’".“’op with that of 

developed towaords the beginning of thft nriaea This analogy 
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in the theory by pointing out that the material visible structures of the polar 
stars and spindle were not the abstract ‘ lines of force ’ of Faraday and Clerk- 
Maxwellj but material ‘chains of force’ of more permeable substance than the 
rest of the field, held in position by the stresses radiating from the unlike poles. 
This is in brief a statement of what we may call the ‘heteropolar hypothesis.’ On 
the other hand, Bhumblcr, Biitschli, and Leduc put forward the view that the 
spindle was du^ to diffusion currents centred on its poles. The two former 
failed to realise that diffusion currents centred on two like poles (two sources, 
or two sinks to use Clerk-Maxwell’s metaphor, taken from stream lines) could not 
produce the spindle, but the anti-spindle or crossed figure, just the same as two 
‘ like ’ magnetic or electric poles. Leduc, when he realised that the centrosomes of 
the animal cell were ‘ like ’ in re.spect to osmotic phenomena, immediately tried to 
show that the cell spindle was no true spindle, but a mock one, formed of two 
asymmetrical spindles touching by their wide ends. But the figure obtained in 
his models was, unlike the cell spindle, discontinuous across the equator. Never- 
theless, it had the ehect of inducing Gallardo to try to get better models. 
Gallardo, like others, was impressed by two facts : (!) the centrosomes diverge as 
the spindle grows; (2) Lillie had shown that the chromosomes bear a positive 
electrostatic charge and must repel each other. 

The answer to (1) is that in many cases the centrosomes show the effects of a 
bodily pull exercised by the cytoplasm (‘cytopl^mic traction’ of Hartog). This 
is well shown in the enormous cell-figures of Bhynclidmis, where the centrosomes 
actually give way under the contrary pulls ; and in several worms and molluscs, 
where the whole figure is spirally twisted, proving that the pull is accompanied 
by a twist. Moi'eover, the sepai'ation of the poles during the process of liiiryo- 
kinesis is not universal, as noted and figured by Kostanecki and figured without 
remark by Yatsu. 

The answer to (2) is that Pentimalli has shown that while the living chromo- 
somes migrate towards the anode of a constant current, the achromatic spindle 
is not affected in the same way, but only yields to the mechanical push exerted 
by the chromosomes. 

Gallardo has sought to model electrically the spindle between like poles, with 
two closely apposed broad inductors of one sign to represent the ‘ equatorial 
plate,’ and two small poles of the opposite sign for the centrosoine. It is 
impossible in this way to represent the interzonal fibres between the two disceding 
groups- of chromosomes in anaphase. 

His last model is what we may term an osmoto-electrolytic model. His field is 
of mucilage ; the centro-poles are drops of solution of acid fuchsin, his equatorial 
band of (basic) brilliant green ; while the indicators are powdered (basic) fuchsia 
dusted on the surface of the gum, which leave behind a comet-like trail of red as 
they travel away from the central band to either pole. The ceaitral band itself 
tends to split, and its two halves arc united by cross bands of green solution 
which simulate in position and in outward bulge the interzonal bands; and this 
gives a most striking character to the model. If two like poles are united by 
tenacious threads their lateral repulsion and their tenacity result in a good 
geometrical spindle, as is shown in the electrosteiic model figured by the author; 
but if these threads are severed they at once assume the direction of the anti- 
spindle, and this is the crucial point. 

The absolute proof of the opposite polarity of the two centrosomes is to be 
found in the growth of the spindle by inflection and coalescence of rays growing 
out from the centrosomes. In some cases the spindle is actually formed ab initio 
in this way, 

Gallardo has stated that no spindle can be formed in the absence of chromo- 
somes, and this is essential to his view. But the spindle in the animal cell every- 
where is free from chromosomes at first; and several cases may be cited, besides 
Bonnevie’s, of the formation of full-grown spindles without any equatorial plate. 

Since it is demonstrated that the cell-spindle is homopolar with respect to 
osmosis, currents, electrolytic, or electrostatic force, magnetism is out of the 
question, we may conclude that mitokinetism is a new force unknown so far outside 
the living cell. 
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2. A Cytological Study of Artificial Parthenogenesis in Strongylocentrotus 
purpuratus. By Edward HrNDLE, Ph.D,, AJIXJ.S. 

This investigation was undertaken uiaiiily wiili the objoiit of h‘a,cing the 
cytological changes that follow the chemical ferliiisalion of sea-urchin eggs by 
means of a monobasic fatty acid, followed by t-reatruent \vit)i hypertonic salt 
solution. 

The experimental part of tho work was performed, under the direction of 
Professor Loeb, at Pacific Grove during the month of January 19H). Tho eggs of 
S, ‘purfuratus were obtained by removing the gonads from female and allowing 
them to remain in a dish of sterilised sea-water for a few hours, when the ripe 
eggs drop out of the ovaries and fall to the bottom of the dish. 

Membrane- fomation was effected by putting the eggs in a mi.s;ture of 50 c.c. 

N 

sea- water 4- 2'9 c.c. of butyric acid for from 90 to 150 isecouds. On trans- 
ferring them from this mixture to normal sea-water the eggs tlien formed ferti- 
lisation membranes. Some of these eggs were allowed to develop without further 
treatment, but at ordinary temperatures (15° 0.) very few of them completed even 
the first division. 

When the eggs from the butyric -acid solution had remained in normal sea- 
water for about 20 minutes they were theji placed into a mixture of 50 c.c. sea- 
water -f 8 c.c. of 2i N — NaCl, and exposed to the action of this solution for 
times varying from 30 to 60 minutes. Finally, the eggs were again transferred 
to normal sea- water; and if the periods of exposure had biMsn correctly chosen, 
practically all of them developed and gave rise to free-swimming larvm, indis- 
tinguishable in form and behaviour from those that develop from normally 
fertilised eggs. 

The developing eggs were fi.xed at various stages, imbedded in paratBn, 
sectioned and stained in the usual way. 

A. After treatment of the eggs of Strongylocentrotus purpuratus with 
butyric acid alone the following changes were observed 

1. The first change is the starting of a process of eytolysis as a result of the 
solution or liquefaction of the ectoplasmic layer immediately within the outer 
membrane of the egg. As a re.sult of this cytoly.sis the surface membrane 
becomes lifted away from the protoplasm of tho egg and uppoa-rs distinct. 

That the formation of this fertilisation menibrane is due to a proccs.s of 
cytolysis is proved by the fact that almost any cytolytic agent is able to produce 
it (acids, alkalies, digitalin, solanin, saponin, fat solvent.s, alcohol, di.stilled water, 
blood-serum, &c.). 

2. The membrano-forufation is accompanied by an aUcra.tion in the appear- 
ance of the nucleolus, which, from being a densely staining nm.s,s of chromatic 
substance, changes to a lightly staining body of somewhat indefinite shape, or , 
may even break down into two or moio lesser bodies. 

3. A dissolution of the cytopla.smi(’ granules in the immediate neight)ourhood 
of the nucleus results in tbi appearance of a clear perinuclear mm. Probably as 
a result of currents fiowing centripetally from tho cytoplasm towards the nucleus, 
radiations appear in and arotmd this zone. 

4. Tho appearance of this perinuclear zone i.s smiceeded by a pturiod of nuclear 
growth. 

5. In eggs that are developing at ordinary Icmpcratures a large monaster is 
usually developed, its rays centring in the nucleus. The nuclear jnembrane dis- 
appears and the chromatin breaks up into eighteen chromosomes. The.sc may 
undergo division and be drawn out of the nuclear area along the rays, in which 
case they appear scattered throughout the cytoplasm, A reduction of the astral 
rays may be followed by reconstruction of the original nucleus with an increased 
number of chromosomes, and this process may be repeated two or ‘three times. 
Such eggs never divide, but simply disintegrate. 

6. Eggs developing at a low temperature (2° to 5° C.) may complete the first 
few divisions. 

. . 7, Cytasters have never been observedi. 
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B. After treatment with butyric acid, followd by hypertonic salt solution 
(Loeb’s improved method). 

8. The interval between treatment with butyric acid and the hypertonic salt 
solution is characterised by the membrane- formation and an alteration in the 
staining properties of the nucleolus. These changes are accompanied by the 
appearance of a clear perinuclear zone, as described above (3). 

9. During the treatment with hypertonic salt solution there is a slight increase 
in the size of the nucleus. 

10. After transference of the eggs back into normal sea-water the perinuclear 
zone still further develops, and is followed by growth of the nucleus. 

11. A typical cleavage aster is formed by the division of a centrosome, that 
first appears on the nuclear membrane. 

12. A varying number of cytasters may appear. If excessively developed 
they interfere with the normal division of the cell, and multipolar spindles are 
formed. The cytasters are only developed in eggs that have remained too long 
in the hypertonic solution. 

13. The chromatin breaks up into eighteen chromosomes, which is hall the 
number occurring in normally fertilised eggs. The reduced number of chromo- 
somes (eighteen) persists in the cells of the parthenogenetic larva', at least as far 
as the free-swimming blasUila, and beyond this stage it is impossible to count 
them, owing to the small size of the cells. 

In conclusion, the suggestion is offered that the known facts of artificial 
parthenogenesis may be competent to explain the origin of cancer. 


The following Papers and Reports were then read in Section D : — 

1. Note on the Biology of Teleost and Elasmohranch Eggs. 

By W. J. Dakin, D.So. 

Observations made by the author two yeai’s ago confirmed the results of 
experiments made by Botazzi and others which indicated that the osmotic pressure 
and salinity of the blood of marine teleosts was very different from that of the 
external medium in which they lived, but showed, however, that the osmotic 
pressure and salinity of Sie blood was affected by changes in the salinity of the 
water. The blood of the eel has a lower osmotic pressure in fresh water than in 
the sea. The blood of fresh-water fishes is less saline than that of marine fishes. 

The osmotic pressure of the blood of elasmobranchs is almost identical with 
that of the sea water in which they live. 

Does the egg-contents or body-contents of young teleost larvas bear the same 
relation to the sea water as the blood of the adult fish *1 

Experiments have shown that the specific gravity of plaice eggs can be 
altered by varying the> salinity of the water in which they are living. The egg- 
contents arc therefore not altogether independent of the sea water. At the same 
time, by determinations of the freezing-point, and consequently direct measiu’e- 
rnents of the osmotic pressure of the egg-contents, it was shown that the salinity 
and osmotic pressure was very much less than that of the medium in which th? 
eggs were living and about the same as that of the blood of the adult fish. 

There is therefore an equilibrium between the sea water and the egg-contents 
which does not consist in an equality of osmotic pressures; and while both 
osmotic pressures are very different, a change in that- of the water produces a 
small but definite change in that of the egg-contents. 

Death of the eggs destroys the conditions under which this eqiiilibrimn is sus- 
tained, and the egg-contents increase in salinity by reason of the intiuenco of the 
surrounding sea water. A corresponding increase in specific gravity takes place, 
and the egg is no longer able to float. 

The osmotic px'essure of olasmobranch eggs is very different from that of 
teleost eggs, though both may be living in water of Ihe same salinity. The relation 
existing between the egg-contents of dog-fish eggs and the water is the same as 
that between the blood of the adult fish and the medium in which they live. 
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Abstract of Freezing-point Determinations. 


A of sea water —I’Ol 

A of egg -contents of j7/a^c.v.s'a . . ♦ . 0*70 

A of blood of JP. plakssa —0*75 

A of ogg-contonts of dog-Hsh eggs —1*80 

A of blood of adult iish ^ —I’OO 


2. Goccidia and (JocoidioHis in Birds, 

By H. B. Fantham, DBc,, B.A., AJIU.S, 

One of the great causes of death in young birds, such as grouse and pheasants, 
is popularly known as ‘enteritis/ one of the symptoms being diarrhoea. The 
term enteritis has been used to cover many intestinal derangements, but one of 
the chief forms of it is now known definitely, and has also been proved 
experimentally to be duo to Goccidia, microst‘,opic, parasitic Protozoa belonging 
to the class *Sporozoa. The pathogenic agent in grouse, fowls, and phetisants is 
known as Eiimna (Coeddhm) avium, 

Goccidia are responsible for fatal epizootics among grouse chicks, pheasants, 
fowls, turkeys, geese, ducks, and other birds, and hence the study of the 
pathogenic organisms is of great economic importance. Itesistant oocysts of the 
parasite are voided in the fmees of the infected birds, and are acquired by other 
birds in. their food or drink. A mature oocyst contains four sporocysts, in each 
of which two active, motile germs or sporozoites arc developed. The oocysts are 
swallowed by the birds, and under the influence of the pu^ucreatic juice the cyst 
walls are softened, the sporozoites creep out and penetrate the epithelial cells 
of the duodenum of the host. There they become rounded and grow, ptissively 
feeding on the host cell. 

After attaining a certain size, the parasites — now schizonts— proceed to 
multiply. Nuclear division occurs, the nuclei migrate to the periphery of the 
cell, cytoplasm segregates round each nucleus, and a cluster of daughter germs 
or morozites arranged “eu barillet/* i.e,, like the segments of an orange, is 
produced. Very little residual protoplasm remains after the formation of 
raerozoites. The groups of merozoites break up and the small, vermicular 
parasites glide away and invade other cells, thor<^ to grow and multiply in 
exactly the same way as did their parent cell. A number of generations of 
merozoites is produced, and the destruction of the epithelium , duo to their action 
and the digestive derangements resulting therefrom, are sulheiont to cause the 
death of the host in some cases. But in most instances soaio merozoites pass down 
into ijie cseca, where they grow and multiply, producing intense inflammation. 

vSooner or later a limit is reached both to the power of the bird to provide 
nourishment for the parasite and to the multiplicative capacity of the parasite 
itself, and then sexual forms are produced. 8ome Goccidia become largo and 
massive and contain much reserve food-mateial. Those are tho matjrogametocyies 
or female mother colls, each of which gives rise to a single macrogamete ( 9 ). 
Slightly smaller parasites (miorogainetocytcs) undergo nuclear multiplication and 
give rise to many minute, biflagellate microgametes (<? ). The groups of microga- 
metes disperse and each microgamete swims away in search of the macrogamete. 
The latter invests itself precociously with a cyst wall, in which a micropyle is 
left for the entry of the microgamete. One microgamete only fuses with the 
macrogamete — the process has been watched in life — and the oocyst wall is then 
completed by the closure of the micropyle. The oocysts may vary somewhat in 
size and shape. 

At first the oocysts are uninucleate and their contents completely fill them. 
The contents then concentrate into a spherical mass, either at the centre or 
nearer to one end. The nucleus divides into four, and around each nucleus 
protoplasm aggregates, forming four round sporoblasts. Each sporoblast develops 
into an oval sporocyet, inside which two sporozoites are formed. 

Ooccidiosis is accompanied by an increase in the numl^r of polymorpho- 
midear leucocytes in the blood, together with a decrease in the number of the 
erythrocytes. 



TEANSACTIONS OP vSECTION D. 


633 


Young birds are much more susceptible to coccidiosis than older ones, but 
older birds that have become chronics serve as reservoirs of oocysts and constant 
sources of infection. In this connection infected foster-mothers of hand-reared 
pheasants serve to infect young broods. 

Lime dressing of the soil, which destroys oocysts, is the most effective 
treatment devised at present for combating coccidiosis. Either a little ferrous 
sulphate, or a weat solution of catechu added to the drinking water is of service. 

All infected corpses should be burned and not buried, as oocysts remain 
infective in the soil for long periods. 


X First Results jrom the Oxford Anthro'pometric Lahoraiory, 

By Edgar Schuster. D,8c. 

The laboratory was started by Professor Bourne in January 1908, with the 
following objects, among others : — (1) To obtain a statistical siuwey of the physi- 
cal development of undergraduates. (2) To ascertain what bodily changes or 
developments take place during a man’s residence in Oxford as an undergraduate, 
and whether such changes depend at all on what games he plays, what school 
he reads for, and so on. 

The following measurements and tests are applied. (1) Acuity of 'vision; 
(2) spot pattern test. This test was devised by Dr. McDougall, and is intended 
to measure the power of concentration. A pattern made by pricking nine holes 
in a piece of cardboai'd is shown to the subject for a small fraction of a second 
by means of an electric light placed behind it and a photographic shutter. After 
seeing the pattern five times in this way, he is asked to make a map of it on 
squared paper. This he lU’obably fails to do correctly; he is then shown the 
pattern five times again and is asked to make a fresh map ; and so on until he 
gets it right. Some interesting results have been obtained with this test, for it 
has been found that the scholars and exhibitioners are distinctly better at it 
than commoners; secondly, that men who subsequently took first and second 
classes in the Final Schools were better than those who took lower classes; and, 
thirdly, that men reading science and mathematics were, on the whole, better tlian 
those reading other subjects. (3) Tjnng capacity, measured with a spirometer. 
(4) Statiu’e, standing, sitting, and kneeling, from which are deduced length of leg 
and length of thigh. (5) Weight. (6) Strength of pull; and also the following 
hcMd oneasurements : length, breadth, auricular height, horizontal circumference, 
sagittal arc, transverse arc. 

In treating the material the men are divided into groups according to age, 
and each age group is considered separately. The averages, standard deviations, 
and various correlation coefficients have been found for each group. The strength 
of pull and lung capacity increased considerably with age. Stature, weight, and 
head length also show a similar tendency, but Hot to so marked an extent. 


4. Report on. the Occupation of a Table at the Zoological Station, Naples, 
See Reports, p. 165. 

5. Report on the Index Animalium , — See Reports, p. 167. 

6. Twentieth Report on the Zoology of the Sandunch Isla^ids, 

See Reports, p. 167. 

7. Interim Report on Zoology Orgamsation , — See Reports, p. 168. 
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8. Report on the Occupation of a Tahle at the Marme Laboratory, 
Plymouth , — See Reports, p. 168. 


. 9, Report on the Biological Problems incidental to the Iniskea Whaling 
Station , — See Reports, p. 168. 


10. Third Report on Experiments in Inheritance. 
See Reports, p. 169. 


IL Second Report on the Feeding Habits of British Birds, 
See Reports, p. 169. 


MONDAY, SJdPTDMBEli 5 . 

Joint Meeting with Sub-section B {Agriculture ), — See p. 583, 


The following Papers wei’e read in Section D : — 

1. Some Experiments and Observations on the Colours of Insect Larvee, 
By Professor W. Garstano, D,Sc, 

2. Comparison of the Early Stages of Vertebrates, 

By Professor C. S. Minot. 

3. Insect Coloration and Environment, By Mark L. Sykes. 


4. A Preliminary Note on the Formation and Arrangement of the Opercular 
Chmtw of Sabelluri. By Arnold T. Watson, F,LS, 

Of the peculiarities of .stnnturc chu rat if eristic of the family^ to which these 
sedentary, tube-building Polychaete worms belong, the greatest interest attaches 
to the processe.s called by different zoologist>s by the names ‘ Koptlappen,’ 
‘ Paleeutuager,* ‘ Cephalic lobes/ or * Pcrisloniial lobes.* Their position in 
relation to the head of the animal has favoured the idea, of their being Cephalic 
lobes, but such an arrangement would be exceptional, and it seems more likely 
that they ai'e derived from the anterior parapodia, a \new which seems to be 
supported by the present observations. These lobes, which are united dorsally 
at their bases, but are free terminally,^ bear on their ventral face a series of rows 
of tentacles, their crescent-shaped distal extremities being armed with three 
concentric rows of palem, each of characteristic form. The armed crescents of 
the two lobes, when drawn together, forna the operculum defending the entrance 
to the tube on retreat of the inmate. Viewed from above the exposed portions 
of '^e palesc of the outer row are seen to be arranged in an inibricated manner, 
thmr^ free ends directed outwards ; the palese of the middle row also are slightly 
imbricated, their free ends, too, being directed outwards ; the free ends of the 
rmot^^ost row, the chsetae of which alternate in position with the last-named, 
are directed inwards and upwards. Prom the exposed portions of each palea 
an extension in the form of a long curved shaft descends at an angle of 120*^ or 
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more, into the tissue of the lobe. From a very early stage in the life of the 
wonii the form of these chaetae changes but little, except in regard to size, 
which increases, of course, with the growth of the worm. It is evident that 
during life new chfetm must be constantly in course of formation to replace 
the older ones which are cast off, and the peculiarity of form and complexity of 
arrangement suggested that special provisions might be expected. By means of 
serial sections but little information could be obtained, but on rendering the 
lobes transparent it was found that, running lengthwise in each lobe, there exist 
two ‘ nests ’ for the formation of the chtetie, the outer one supplying the outer 
palete, and the inner one supplying the middle and innermost paiere, which are 
packed alternately in the ‘nest.’ The paleae develop in the ‘nest,’ commencing 
as minute hooked or angular partudes, and chfetas in an advanced stage can 
be clearly seen travelling through the tissue in a somewhat spiral fashion in 
order to reach in rotation the- positions which they respectively take up at 
the dorsal end of each opercular crescent. The foregoing remarks refer to 
SabeUaHa alvtolnta^ and apply equally to SaheJlnria Hpinulom; but in the latter 
species T have discovered in each lobe two or three long curved aciciilar 
dorsal chjetce in addition to the three rows of chretoe which form the operculum. 
Tn certain members of the family (Pallasia) the operculum is armed with two 
rows of chietse only, but there exist in addition two or more hooks, placed 
dorsally, in position corresponding with the acicula above mentioned. These hooks 
have been considered by some zoologists homologous with the missing middle row 
of opercular chtel'm, but in view of the existence of the dorsal cluetAe of SnhelJayia 
spiindosa, in addition to the complete three rows of opercular chmtm, such a view 
scarcely seems tenable. 

The above are, of course, only notes on an e]usocle in the formation of the 
operculum, to the minuter details of which I hope to give further attention. 


TUESDAY, 8BPTEMBBB 6. 

The following Papers were read ; — 

1. Sex and Immunity. By Geoffrey Smith, M.A. 

One of the principal effects which a parasite may exert on its host is to confer 
immunity upon it. Immunity to a poison or poisonous organism is due to the 
presence in the blood or body fluids of a substance or substances which combine in 
some manner with the poisonous substances and prevent them reaching the tissues 
in an active form. Ehrlich has given a graphic representation of this process in his 
side-chain theory, according to which an organic poison when it enters the body 
anchors itself to certain side-chains of the protoplasmic molecules, and these being 
unable to take up nourishment are regenerated in excess and cast off into the blood 
stream, where they act as antibody by seizing on the poison and preventing it 
reaching the tissues. 

Beside.s ihe well-known phenomenon of immunity a peculiar effect of parasites 
on their hoste, especially among the inverlebrata, i.s found in the Castration 
Parasitaire of Giard. It has been found that the presence of certain parasites 
causes the atrophy and sometimes the disappearance of the gonads of the host, 
together with peculiar changes in the secondary sexual characters. A careful 
analysis of a particular instance (the parasite BayvuVma on the spider crab 
Inaclius) has shown iliat the real effect of the parasite is to cause the male host 
to assume adxiH fe7nale characters externally and after the death of the parasite 
internally jls well, large ova being produced from the testes ; and in the case of 
the female host the effect is really the same, as the young infected females are 
forced to assume adxtU female characters a't a premature stage. (See Q.J.M.S., 
vol. 54s P- 577, and vol. 55, p. 225.) The object of this paper is to suggest that 
this peculiaa* reaction to the presence of a parasite is really an immunity 
phenomenon. 

We have seen that ihe effect of Sacculina on Inachm is to make the latter 
Itecome adult female in character. Now the most important arlult female character 
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in a normal Inaclnts is Ihe elaboration of a large quantity of yolk in the ovary 
which fills about half the body. In an infected Inaclins of either sex with 
atrophied gonad this process of yolk-elaboration can be proved to occur since the 
SarrAdma roots nianufacturo yolk very similar to tho ovarian yolk of a normal 
female Inachns from tho blood of the host. The parasite SacciditiUj therefore, 
forces the Inarhus, whether male or female, to produce substances in the blood 
from which it can manufacture yolk. As fast as these substances are produced 
the Saccvlina takes them up, and by anchoring them stimulates their continued 
reproduction. These female yolk- forming substences, saturating the body fluids 
of infected crabs both male "and female, cause the development of the female 
secondary sexual characters, and when the parasite dies and its roots no longer 
assimilate the yolk- forming substances, they are taken up by the remains of the 
gonad which consequently proceeds to form ova. In the case of Peltogaster on 
Enpagurus^ Potts (Q.J.M.S., vol. 50, p. 599) has shown that small ova are formed 
in the testes of the host while the parasite is still alive, so that here the excess 
of the yolk-forming substances is taken up by ihe gonad during the life of the 
parasite. This overproduction of a substance which is being anchored by a 
parasite is closely analogous to the production of antibody in immunisation. The 
crab doubtless benefits by supplying the SacrAilina with the yolk-forming sub- 
stance, as it thus protects other nutritional substances necessary for ifcs vital 
organs from being abstracted by the parasite. Tn this manner it is possible to 
bring the isolated and hitherto inexplicable phenomenon of parasitic ca-stration 
into the well-known category of immnnity. 


2. Coral Snakes and Peacoclcs. By Dr. H. F. Gadow, F,R.S. 


3. Relation of Regeneration and Developmental Processes. 

By Dr. J. W. Jenkinson. 

In a broad sense ontogeny is distinguished from phylogeny; in a narrow, as 
the development of an organism from an egg-cell, from budding and regeneration. 

in development the three processes of cell and nuclear division, growth and 
differentiation ai*e easily recognised. Differentiation — the main problem — ^is deter- 
mined by external factors, a definite constitution of the physical and chemical 
environment' being necessary, and internal. The latter are : (1) The initial struc- 
tm’e of the germ ; (2) the interaction of developing parts. 

With regard to (1) Weismanti’s conception of the qualitative division of the 
nucleus has been abandoned, for while we know (Boveri) that the chromatin 
elements in the nucleus are unlike, wc also know that each cell of the developing 
organism nmst necessarily contain a complete specific set of these element s. 
We turn then to the cytoplasm and find that experiments prove the existence of 
definite org^'ln- forming substances in it, arranged in a definite way, and somc- 
time.s stratified and graded. This arrangement accounts for the observed pro- 
gressive restriction ot the potentialities of parts. >Scgniontation segregates these 
sukstances into cells, but the order in which tho material is cut up is immaterial; 
the essence of segmentation is to reduce the ratio of cytoplasm to nucleus. In 
i^generation— -the production of a whole structure by a part in a, diffeT(^ntiate(l 
organism — similar processes and facters may be observed. 

Kegeneration— of both internal and external members — is of practically 
universal occurrence in the animal kingdom. The regenerate often differs quanti- 
tatively or qualitatively (heteromorphosis) from the original. Reversal of polarity 
is a special case of the latter. 

Features common to all I'egenerations are the covering of the wound, the 
oell-multiplication (te reduce the cytoplasm-nucleus ratio), growth — always at 
right angles to cut surface, and at a rate which alters like the ontogenetic rate 

—and differentiation. ^ Differentiation follows the ontogenetic order as a rule, 
bpt :may differ from it (anomalous behaviour of germ-layers). Of the external 
fat^rQTs little is known, But it is certain that the actual injury is the prime 
stimulus. Intern^ factors are ; Interaction of parts, size (there is a minimal 
size), d^ree of differentiation (power of regeneration decreases with age), level 
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or material (necessarily cytoplasmic since the nuclei are ail alike), and polarity. 
Polarity may be expressed in terms of a graded stratification of materials. In 
fact, to the adult organism, there must be attributed the same organ-forming 
substances as were present in the germ, and similarly arranged. The difficulty 
is that the former is divided into differentiated cells. A second difficulty is 
presented by the anomalous behaviour of the germ-layers, and by the fact that 
a part in which •these substances exist ex liy'pothesi in other than the correct 
proportions can yet form a whole. This indicates that the problem is funda- 
mentally the problem of assimilation, and it should be borne in mind that 
metabolism and regeneration are just the two functions which depend, in 
Protozoa, on the presence of the nucleus. 


4:. Semination in Calidris arenaria: A Key to some ProUems regarding 
Migratory Movements in the Breeding-Season. By 0. J. Patten, 
M,A., M.D., Sc.D. 

The positive evidence which I now possess of the occurrence of the Sanderling 
(Calidris arenaria) throughout the summer along various parts of the British coast 
prompted me to make an examination of the testes with the view of throwing 
some further light on the question as to the probability of the species breeding 
in our Isles. From a study of the bird’s habits I have already made out several 
facts which support the view that birds apparently in nuptial plumage, and 
occurring along the coastlands in our Isles in the height of the breeding-season 
are not fully matured, and even in their plumage a slight but important difference 
from the true nuptial garb could be made out. This plumage I have called 
pre-nuptial,^ and it is with special reference to birds in such garb that I now put 
forward the results of my investigations into the condition of the testes at the 
time when, if active, they should be at the zenith of development. ^ 

1 shall have but little reference to make regarding birds in true nuptial 
plumage, seeing that they do not tarry during the vernal migration along our 
shores more than a few days, and their occurrence with and departure from us 
always well precedes the time of the commencement of nesting. 

The remarkable fact that in birds the testes reach a relatively enormous size 
during the limited period in which they are functionally active is a point which 
I have kept carefully in view. I have investigated the state of the testes in a 
largo number of our common birds which are known to start breeding in April 
and May, and have found that the glands reach their maximum size from a 
week to a fortnight before the first laying of eggs takes place. When one 
considers that the testes of small birds House-Sparrow, Hedge-Sparrow, 

Eobin, and many others which I have examined) in January are only the size of a 
pin’s head (1 mm. greatest diameter), and in April or May, as the case may be, 
reach the size of a small bean (average about 1*3 cm. in greatest diameter),' it is 
natural to suppose that if functionally active the testes of the Sanderling should 
present correspondingly large dimensions at a corresponding period before the 
female bird begins to lay. In this species the early clutches of eggs are laid 
about the middle of June, the hatching-season lasting into July. Out of a 
large series of testes obtained in May and June the greatest measurements did 
not exceed 5 mm., 3*5 mm. being the average, while in Sanderlings obtained in 
July the testes were still smaller, averaging 3 mm. in greatest diameter.® By early 
August a further reduction had taken place in the size of the glands, and both 
naked-eye and microscopical examination showed a marked similarity with the 
testes of adult birds obtained in mid-winter. In the absence of knowledge as to 
the size attained by the fully functional testes of the Sanderling, I have noted that 
in those birds which show close affinities and come under the same family, viz., 
Oharadriidcet and are much about the same size as the Sanderling (Common 
Sandpiper, Dunlin, Binged Plover), the testes in May and June were double 
the size of the ‘largest testes of Calidris arenaria obtainable from my collected 

* Vide Britii^h Association Tteyort, 1909, p. 505. 

2 Even in many species which breed in April and May the full size of the 
active testes is almost maintained in July. 

1910. 
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series. Here I may add, However, that in a few birds obtained towards the end 
of April the testes were as large as those of the other Sanderlings obtained 
a month later, and were probably rapidly on the road to functional activity. 
But the flocks from which these birds were obtained only tarried a few days 
on the coast, and I believe that the birds were mature not only from their plumage 
and behaviour, but also owing to the comparatively large size of the seminiferous 
tubules, though while spermatogenesis seemed to be commencing, fully formed 
and ripe sperm-cells (spermatozoa) were not present. Histologically the condition 
of such testes resembled that maintained in the glands of a mature Hedge-Sparrow 
procured in late February. Should one have been able to examine the testes of 
these Sanderlings in the beginning of June they probably would have been 
1*2 cm. in greatest measurements and quite functional. In subjecting thin sections 
to microscopical examination, a striking difference could be made out between 
those of CaUdris arenaria and of many shore-birds in which the glands were 
actively functional. Apart from the countless swarms of spermatozoa which 
occupied the seminiferous tubules in the latter, the tubules themselves were 
markedly larger. The proportion between the two is at once manifest when with 
a ^-in. objective and -No. 2 Huy genian eye-piece fitted to the usual 10-in. microscope 
tube one finds in the active glands a single tubule, in contrast to some forty to 
sixty tubules of the inactive glands occupying the whole field of the microscope. 
The testes of the Sanderlings were all embedded in paraffin, cut in ribbons, and 
mounted as serial sections. The time taken in examining complete series has been 
considerable. I feel, however, safe in stating that, apart from the phenomenon of 
semination in the testes of the birds obtained toward the end of April, while 
a certain amount of spermatogenesis has taken place, this has passed through 
more or less abortive phases, no real functional activity having been reached. 
Yet I would not like to insist that no Sanderlings in pre-nuptial plumagje breed. 
The species no doubt varies individually within limits (as in the case with other 
animals) in arriving at maturity, some birds being more precocious than others. 
However, with regard to Sanderlings which occur along our shores during the 
period when they ought to be nesting, those birds not pairing seem to split into 
small parties and to lead a sort of nomadic life from shore to shore, being some- 
what inconspicuous even to the trained observer until about August when they lend 
to muster; while in September they join company with migrants coming from 
northern chmes, the latter, as a rule, being young birds in first autumn plumage. 
Thus are formed flocks of young and partially matured birds, hitherto spoken 
of as adults and young. The fully adult birds apparently arrive later (about 
October). I do not consider them at all as plentiful along our coastlands. 
Probably many pass on to southern climes before mid-winter. 

Before concluding I m^ say that there is reason to believe that other species 
of shore-birds take more than one year to reach maturity, and that prior to this 
period their desultory migratory movements correspond in the main to those 
of the Sanderling. Here, then, investigations into the question of semination 
afford a key in the elucidation of some points of importance dealing with avian 
migration and geographical distribution. 


WEDNESDAY, SEPT EM BE B 7. 

The following Papers w^ere read : — 

1, Tie Anatomy and Physiology of Calma glaucoides. 
By T. J. Evans. 


2. Borne Anatomical Adaptations to the Aquatic Life in Seals, 

By H, W. Marett Tims, M,A,, M,D, 

Certain anatomical adaptations to life m the water are to be found in all 
purely aquatic animals, e.^., expansion of the posterior end of the body, modifica- 
tion of the limbs, shortening and practical obliteration of the neck region (as 
far as eirternal appearance) and modifications of the larynx. 

The dettails of these structural adaptations in the seal have beeu fully 
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described by the author in Volume V. of the National Antarctic Expedition 
Natural History. The object of this paper was to draw attention to the remark- 
ably early stage of foetal life at which all these adaptive modifications become 
fully established, and the possible bearing which such facts may have upon the 
question of the inheritance of acquired characters. 


3. The Temporal Bone in Prnnates. Professor E. J. Anderson, M.D. 

The temporal bone is usually regarded as a bone of the cranium, chiefly 
because of the relations of the petro-mastoid portion. The squamosal has so 
much to do with the face bones that it might be considered as occupying an 
intermediate positon. The zygoma brings the temporal squamosal into relation 
with the jugal, and sometimes the maxilla. The squamosal may reach the jugal 
apart from the zygomatic connection. The direct relationship of the mandible 
with the temporal in mammals obviously emphasises the connection of the 
squamosal with the face. In primates the size of the squamosal varies.^ It is 
much reduced in some rodents. It looks like an arch from beneath which the 
petro-mastoid appears behind and the tympanic in front. The squamosal has 
a connection with the brain-case in man that looks more evident on the outside 
of the skull than on the inside. The parietal runs down internally, separating 
much of the temporal squamosal from the cranial cavity. In Equid^ the facial 
relationship is most pronounced. The tympanic may have independent 
mechanical functions also (as in some mammals). The squamosal may preserve 
its identity for a long time, or during life (as in a gorilla in the Museum 
d’Histoire Naturelle de Paris referred to by Le Double), and in the chimpanzee 
the persistence of the suture is not uncommon. Occasionally the zygomatic and 
squamose parts are separate. Of this condition, which is due to developmental 
causes, Meckel and Gruber record instances. Le Double found the squamosal 
divided. I believe I have met this once in man, and also in the chimpanzee. 
In the latter the upper triangular part looks like a Wormian bone. The effect 
of the facial growth on the nutrition of the temporal may lead to two sources of 
supply being emphasised. The cranial portion may then go with the cranial 
supply. Three centres of ossification are present in man in the case of the 
squamosal, one for the zygoma, one for the scale, and a third for the ear part. 
Four centres may be present. This condition seems rare in primates, and it is 
difficult to decide upon the normal number. Ossific foci are apt to vary with the 
nutrition, and that the ossific deposits are very sensitive to such changes an 
examination of the skulls of primates bred in captivity amply proves. 

Le Double gives a second suture in squamosal of Ateles. The anterior range' 
of the temporal depends on the development of the parietal and the sphenoid. 
A postal process is often found in primate skulls — in one in seven skulls in 
Australian aborigines. In Papuans the abnormality is rarer, and it is still rarp 
in white and yellow races. It is the usual thing in gorillas, less common in 
chimpanzees, much less so in orangs, and less so in gibbons. This connection 
seems to show a tendency in some types to emphasise the relationship of the 
temporal with the facial as in ungulates and rodents. Le Double, following 
Calori, Broca, Gruber, and Virchow, regards the process as theromorph. 
Anoutchine (Stieda), Rathke, and recently Schwalbe, take a different view. 
The possibility of the advance being due to the formation of Wormian bones and 
their subsequent union to the temporal is certain. The tympanic has three 
ossific foci also. The centre for the styloid process is variable. Owen mentions 
that the styloform process or angle in gorilla contrasts with the absence of 
this in chimpanzee. 
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Section E,— GEOGBAPHY. 

President op the Section, — ^Professor A. J. Herbertson, M,A., Ph,D. 


TUVRBDAY, SEPTEMBBll 1. 


The President delivered the following Address 

Oeography and ^ome of Us Present Needs, 

Geographical Ptogtess in the Last Decade. 

At the close of a reign which has practically coincided with the first decade of a 
new century , it is natural to look back and summarise the progress of geo- 
graphy during the decade. At the beginning^ of a new reign it is ecjually 
natural to consider the future. Our new Sovereign is one of the most travelled 
of men. No monarch knows the World as he knows it ,* no monarch has ruled 
over a larger Empire or seen more of his dominions. His advice has been 
to wake up, to consider and to act. This involves taking existing^ geographical 
conditions into account. It will be in consonance with this advice if I pay more 
attention to the geography of the present and future than to that of the past, 
and say more about its applications than about its origins. Yet I do so with 
acme roluctanoe,, for the last decade has been one of the most active and interest- 
- ouT'Se^^^ .'i , X 

* - . . f.^Ogi^hical results of .work in the past decade a few may 

'■ .and , the ' rtoeasurement of old arcs 

hhd' 8^pe of the &arth. Surveys 
rpafe Af ’thei, ’ tb' the elaborate 

'-df; 

owledge of the surface 'tdaluree of the Earth that i"mip‘''bn 

„ ,^,000,000 is not merely planned, but actually partly eafiecuted. 

Such surveys and such maps are the indispensable basis of our science. 

The progress of oceanography has also been ^reat. The soundings of our own 
and other Admiralties, of scientific oceanographical expeditions, and those made 
for the purpose of laying cables, have given us much more detailed knowledge 
of the irregularities of the ocean floor. An international map of oceanic contours, 
due to the inspiration and munificence of the Prince of Oceanographers and of 
’ Monaco, has been issued during the decade, and so much new material has 
C^ite^^^^lated that it is now being revised. A comparison of the old and new 
L:il^c^«! 0 f HriimmeFs * Oiseanographie ’ shows us the immense advances in this 

'^tdgress has been made on .the geographical side of meteorology 
attH The importance of this knowledge for tropical agriculture and 
ska'ied to an increase of meteorological stations all over the hot belt — 
of will be of value to the geographer. Mr. Bartholomew's 

appeared at the beginning, and Sir John Eliot's 
^ India * at the end of the decade. Dr. Hann's ‘l^ehr- 
‘ — i pf .his * Olimatotogy,' Messrs. Hildebrandsson and 
recent studies of the Upper Atmo- 
Hpf progress. The record is marred only by 
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the closiiig of Ben Nevis Observatory at the moment when its work would have 
been most necessary. To appreciate the progress of Climatology it is only neces- 
sary to compare the present number and distribution of meteorological stations 
with those given in Bartholomew’s Atlas of 1899. I have not time to recapitu- 
late the innumerable studies of geographical value issued by many meteorological 
services, observatories, and observers — public and private— but I may call atten- 
tion to the impFoved weather maps and to the excellent pilot charts of the North 
Atlantic and of the Indian Ocean published monthly by our Meteorological Office. 

Lake studies have also been a feature of this decade, and none are so complete 
or so valuable as the Scottish Lakes Survey — a work of national importance, 
undertaken by private enthusiasm and generosity. We have to congratulate 
Sir John Murray and Mr. Pullar on the completion of a great work. 

In Geology I might note that we now possess a map of Europe on a scale 
of 1 : 1,500,000 prepared by international co-operation and also one of North 
America on a smaller scale j both invaluable to the geographer. The thanks 
and congratulations of all geographers are due to Professor Suess on the con- 
clusion of his classical work on the Face of the Earth, the first comprehensive 
study of the main divisions and characteristics of its skeleton. English readers 
are indebted to Professor and Miss Solias for the brilliant English translation 
which they have prepared. 

A new movement, inspired mainly by Professor Flahault in France, Pro- 
fessor Geddes in this country, Professors Engler, Drude, and Schimper in Ger- 
many, has. arisen among botanists, and at last we have some modem botanical 
geography which is really valuable to the geographer. I wish we could report 
similar progress in zoological geography, but that, I trust, will come in the next 
decade, 

I pass over the various expensive arbitrations and commissions to settle 
boundary disputes which have in many cases been due to geographical ignorance, 
also the important and fascinating problems of tho growth of our knowledge 
of the distribution of economic products and powers, existing and potential, and 
the new geographical problems for statesmen due to the political and economic 
revolutions in Japan and China. ^ . 

It is quite impossible to deal with the exploration of the decade Even in the 
past two years we have had Peary and Shackleton, Stein and Hedin, the Duke of 
the Abruzzi, and a host of others returning to tell us of unknovm or little known 
parts of the globe. We Hope to hear soon from Dr. Charcot the results of the 
latest investigations in the Antarctic. Further work is being undertaken by 
Scott and his companions; by Bruce, Amundsen, Filchner, and others in the 
South or North Polar ice worlds; by Longstaff, Bruce, and others in the 
mountains of India and Central Asia; by Goodfellow and Ryder in New 
Guinea; and by many other expeditions. 

One word of caution may, perhaps, be permitted. There is a tendency on the 
part of the public to confuse geographical exploration and sport. The newspaper 
reporter naturally lays stress on the unusuM in any expedition, the accidental 
rather than the essential, and those of us who have to examine the work of 
expeditions know how some have been unduly boomed because of some adven- 
turous element, while others have not received adequate popular recognition be- 
cause all went well. The fact that all went well is in itself a proof of competent 
organisation. There is no excuse for ns in this section if we fall into the jour- 
nalist’s mistake, and we shall certainly be acting against the interests of both our 
science and our section if we do so. 

The Poeition of Geography in the AsBociation. 

It was not my intention in this address to raise the question of what is 
^Geography, but various circumstances make it desirable to say a few words upon 
"it. We are all the victims of the geographical teaching of our youth, and it 
is easy to understand how those who have retained unchanged the conceptions 
of geography they gained at school many years ago cavil at the recognition of 
geography as a branch of science. Moreover, the geography of the schools still 
colours the conceptions of some geographers who have nevertheless done much to 
make school geography scientific and educational. Many definitions of geography 
are consequently %oo much limited by the arbitrary but traditional division of 
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school subjects. In schools tradition and practical convenience have, on the 
whole rightly, determined the scope of the different subjects. Geography in 
schools is best defined as the study of the Earth as the home of Manj its limits 
should not be too closely scrutinised in schools, where it should be used freely as 
a co-ordinating subject. 

The present division into sections of the British Association is also largely 
a matter of practical convenience, but we are told that the 'present illogical 
arrangement of sections distresses some minds. No doubt thei^ are some curious 
anomalies. The most glaring, perhaps, is that of combining mathematics with 
physics — as if mathematical methods were not used in any other subject. 

There is undoubtedly a universal tendency to sub-division and an ever- 
iimreasing specialisation, but there is also an ever-growing interdependence of_ 
different parts of science. The British Association is unquestionably bound to take" 
the latter into account as well as the former. At present this is chiefly done by 
joint meetings of sections : a wise course, of which this section has been one of 
the chief promoters. It is possible that some more systematic gi^ouping of sections 
might be well advised, but such a reform should be systematic and not piecemeal. 
It is one which raises the whole question of the classification of knowledge. This 
is so vast a problem and one on which such divergent opinions are held that I 
must apologise for venturing to put forward some tentative suggestions. 

It^ might he found desirable to take as primary divisions the Mathematical, 
Physical, Biological, Anthropological, and Geographical groups. Mathematical 
applications might also be considered in each of the sections which use mathe- 
matical notations. _ In the Physical group there should be the sub-divisions 
Physics and Chemistry. Each would devote a certain proportion of time to its 
applied aspects, or these might be dealt with in sub-sections which would include 
Engineering and Applied Chemistry. In the Biological group there would be 
Botany, Zoology, in both cases including Palaeontology and Embryology, and 
Applied Biology, which would be dealt with in one or other of the ways I have 
suggested, and would include Agriculture, Fisheries, &c. (Medicine we leave 
out at present.) In the Anthropological group, in addition to the present Anthro- 
pological and Economics, there should be a section on Psychology, which might 
or might not be attached to Physiology and have the Education Section as a 
practical appendage. In the Geographical group there would be Geography and 
Geology, the practical applications of Geography and Geology being considered 
in joint meetings with other sections or else in sub-sections — for instance, Geo- 
graphy and Physics for questions of Atmospheric and Oceanic Circulation. 
Geography and Economics for questions of Transportation, &c. 


The, Need for Classifiaations and Notations in Oeomorphologyf <£?c, 

^ So much, then, for the classification of Geography with reference to the other 
sciences. I should like to say a few words about the sub-divisions of Geography 
and the vexed question of terminology. 

In the scheme of the Universe it is possible to consider the Earth as a unit, 
with its own constitution^ and history. It has an individuality of its own, 
though for the astronomer it is only one example of a particular type of heavenly 
bodies. ^ As geographers we take it as our unit individual in the same way that an 
anatomist takes a man. We see that it is composed of different parts and we 
try to discover what these are, of what they are composed, what their function 
is, what has been their history. 

One fundamental division is into land, water, and air. Each has its forms 
and its movements. The forms are more obvious and persistent in the land. 
They are least so in the atmosphere, though forms exist — some of which are at 
times made visible by clouds, and many can be clearly discerned on isobaric 
charts. ^ The land is the temporarily permanent; the water and atmosphere 
the persistently mobile ; the latter more so than the former. The stable forms 
of the land help to control the distribution and movements of the waters and to a 
less extent those of the atmosphere. How great the influence of the distribution of 
land and water is on the atmosphere may he seen in the monsoon region of 
■Ea^rn Ajsia. 

The study of the land, the ocean, and the atmosphere has resulted in the 
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growth of special branches of knowledge — Geomorphology, Oceanography, and 
Climatology. Each is indispensable to the geographer, each forms an essential 
part of the geographical whole. Much research work is and will be carried on 
in each by geographers who find their geographical studies hampered for the lack 
of it. As geographical progress is to a considerable extent conditioned by progress 
in these subjects;^ it would be legitimate to examine their needs. Time, however, 
will admit only a note on one of the barriers to progress in geomorphology — 
the lack of a good classification and notation. 

^ Geomorphology deals with the forms of the land and their shaping. Three 
things have to be kept clearly in view ; (i) The structure, including the composi- 
tion, of the more permanent substance of the form ; (ii) The forces which are 
modifying it; and (iii) The phase in the cycle of forms characteristic of such 
structure acted on by such forms. We may say that any form is a function 
of structure, process, and time. The matter is even more complicated, for we 
have^ instances, e.,g. in antecedent drainage systems, of the conditions of a 
previous cycle affecting a subsequent one — a kind of heredity of forms which 
cannot be neglected. 

The geomorphologist is seeking for a genetic classification of forms, and in 
the works of Bertrand, Davis, de la Noe and de Margerie, Penck, Richthofen, 
Suess, and Supan and their pupils are being accumulated the materials for a 
more complete and systematic classification of forms. As you all know, the 
question of terms for the manifold land-forms is a difficult one and apt to 
engender much more controversy than the analysis of the forms themselves. 
I believe that we shall find it advantageous to adopt some notation analogous 
to that of the chemists. I have not yet had time to work such a notation 
out in detail, but it might take the form of using different symbols for the 
three factors noted above — say, letters for different kinds of structure, Arabic 
figures for pi'ocesses, and Roman figures for the stage of a cycle the form has 
reached. 

Take a very simple set of structures and indicate each by a letter : — 


Undis- 

, turbed Faulted 

i homogeneous A A' 

r horizontal . . . . B B' 

Structure . . • layered ■ tilted 0 C' 

(folded D D' 

V mixed E 


If pervious or impervious, a or an % could be added — c.^., a tilted lime- 
stone with faults would be 

Next indicate the conunoner erosion processes by Arabic numerals : — 

'moving water. .1 

ice . 2 

wind 3 


Process 


One process may have followed another, where a long period of ice 
erosion has been followed by water erosion we might write 2*1 where these 
alternate annually, say 21. 

^ The phase of the cycle might be denoted by Roman figures. A scale of V 
might be adopted and I, 111, and V used for youthful, middle-aged, and old* 
aged, as they have been called; or early, middle, and late phases, as I prefer 
to term them. II and IV would denote intermediate phases, 

A scarped limestone ridge in a relatively mature phase like the Cotswolds 
would be, if we put the process first— -1 C' III. : A highland like the Southern 
Uplands of Scotland would be denoted by the formula 1*2*1 ETII. 

This is the roughest suggestion, but it shows how we could label our cases 
of notes, and pigeon-hole our types of forms — and prevent for the present undue 
quarrelling over terms. ^ No doubt there would be many discussions, for example, 

^ What I wish to make clear is that it is not necessary to invent a new term for 
every new variety of land form as soon as it is recognised- It will suffice at first to 
be able to label it. The notation will also stimulate the search for the recognition 
of now varieties. 
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about the exact phase of the cycle, whether ice in addition to water has been an 
agent in shaping this or that form, and so on. But, after all, these discussions 
would be more profitable than quarrels as to^ which descriptive term, or place 
name, or local usage should be adopted to distinguish it, ^ 

The use of such notations in geographical problems is not unknown. They 
were employed by Koppen in his classification of climate ; an^ now in the case 
of climatology, there is coming to be a general consensus of opinion as to what 
are the chief natural divisions, and the use of figures and letters to indicate them 
has been followed by several other authors. This should also be attempted for 
oceanography. 

If any international agreement of symbols and colours could^ be come to for 
such things it would be a great gain, and I hope to bring this matter before 
the next International Geographical Congress. 

The Need for Selecting Natural Geographical Units, 

We have still to come to Geography proper, which considers land, water, and 
air not merely separately but as associated together. What are the units smaller 
than the whole Earth with which our science has to deal ? 

When we fix our attention on parts ot the Earth, and ask what is a natural 
unit, we are hampered by preconceptions. We recognise species, or genera, 
or families, or races as units — but they are abstract rather than concrete units. 
The reason for considering them as units is that they represent an historical 
continuity. They have not an actual physical continuity, such as the component 
parts of an individual have. Concrete physical continuity in the present is what 
differentiates the geographical unit. Speaking for myself, I should say that every 
visible concrete natural unit on the Earth’s surface consisting of more than one 
organic individual is a geographical unit. It is a common difiSculty not to be 
able to see the wood for the trees ; it is still more difficult to recognise that the 
wood consists of more than trees, that it is a complex of trees and other vegeta- 
tion, fixed to a definite part of the solid earth and bathed in air. We may speak 
of a town or State as composed of people, but a complete conception of either 
must include the spacial connections which unite its parts. A town is not merely 
an association of individuals, nor is it simply a piece of land covered with streets 
and buildings j it is a combination of both. 

It is true that, in determining the greater geographical units, man need not be 
taken into account. We are too much influenced by the mobility of man, by his 
power to pass from one region to another, and we are apt to forget that his 
influence on his environment is negligible except when we are dealing with rela- 
tively small units. The geographer will not neglect man; ho will merely be 
careful to prevent himself from being unduly influenced by the human factor in 
selecting his major units. 

Borne geographers and many geologists have suggested that land forms alone 
need he taken into account in determining those larger geographical units. 
Every different recognisable land form is undoubtedly a geographical unit. A 
vast lowland such as that which lies to the east of the Rocky Mountains is 
undoubtedly a geographical unit of great importance, but its geographical sub- 
divisions are not necessarily orographical. The shores of the Gulf of jMexico 
could not be considered as geographicfJlly similar to those of the Arctic Ocean, 
even if they were morphologically homologous. The lowlands of the polar regions 
are very different from those at or near the tropics. The rhythm of their life 
is different, and this difference is revealed in the differences of vegetation. 

I wish to lay great stress on the significance of vegetation to the geographer 
for tho purposes of regional classification. I do not wish to employ a 
biological terminology nor to raise false analogies between the individual 
organism and the larger nnits of which it is a part, but I think we should do 
well to, consider what may be called the life or movement going on in our units 
as well as their form. We must consider the seasonal changes of its atmospheric 
and of its water movements, as well as the parts of the Barth’s crust which they 
move over and even sligfitly modify. For this purpose a study of climatic 
regions is as necessary as a study of morphological regions, and the best guides 
: climatic regions are the vegetation ones. 

‘ V By ; vegetation I mean not the flora, the historically related elements, but 
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the vegetable coating, the space-related elements. Vegetation in this sense is 
a geographical phenomenon of fundamental importance. It indicates quality — 
quality of atmosphere and quality of soil. It is a visible synthesis of the 
climatic and edaphic elements. Hence the vast lowlands of relatively uniform 
land features are properly divided into regions according to vegetation — ^tundra, 
pine forest, deciduous forest, warm evergreen forest, steppe, and scrub. Such 
differences of vegetation are full of significance even in mountainous areas. 

The search after geographical unity — after general features common to recog- 
nisable divisions of the Earth’s surface, the analysis of these, their classifica- 
tion into types, the comparisons between different examples of the types — seem 
to me among the first duties of a geographer. Two sets of studies and maps 
are essential — topographical and vegetational — ^the first dealing with the super- 
ficial topography and its surface irregularities, the latter relating to the quality 
of climate and soil. Much has been said in recent years — ^more particularly 
from this Presidential chair — on the need for reliable topographical maps. 
Without such maps no others can be made. But when they are being made 
it would be very easy to have a general vegetational map compiled. Such maps 
are even more fundamental than geological maps, and they can be constructed 
more rapidly and cheaply. Every settled country, and more particularly every 
partially settled country, will find them invaluable if there is to be any intelli- 
gent and systematic utilisation of the products of the country. Possessing both 
sets of maps the geographer can proceed with his task. 

This task I am assuming is to study environments, to examine the forms 
and qualities of the Earth’s surface, and to recognise, define, and classify 
the different kinds of natural units into which it can be divided. For these 
W6 have not as yet even names. It may seem absurd that there should be 
this want of terms in a subject which is associated in the minds of most people 
with a superfluity of names. I have elsewhere suggested the use of the terms 
major natural region, natural region, district, and locality to represent different 
grades of geographical units, and have also attempted to map the seventy or 
eighty major natural regions into which the Earth’s surface is divided, and to 
classify them into about twenty types. These tentative divisions will necessarily 
become more accurate as research proceeds, and the minor natural regions into 
which each major natural region should be divided will be definitely recognised, 
described, and classified. Before this can be done, however, the study of geomor- 
phology and of plant formations must be carried far beyond the present limits. 

The value of systematic and exhaustive studies of environment such as those 
I suggest can hardly be exaggerated. Without them all attempts to estimate the 
significance of the environment must be superficial guesswork. No doubt it is 
possible to exaggerate the importance of the environmental factor, but it is equally 
possible to undervalue it. The truly scientific plan as to analyse and to evaluate 
it. Problems of the history of human development as well as those of the future 
of human settlements caimot be solved without this. For the biologist, the his- 
torian, the economist, the statesman this work should be carried out as soon and as 
thoroughly as is possible in the present state of our knowledge. 

A beginning of systematic geographical studies has also been made at the 
opposite end of the scale in local geographical monographs. Dr. H. R. Mill, 
one of the pioneers of geography in this country and one of my most distinguished 
predecessors in this chair, has given us in his study of south-west iSussex an 
admirable example of the geographical monograph proper, which takes into 
account the whole of the geographical factors . involved. He has employed 
quantitative methods as far as these could be applied, and in doing so has 
made a great step in advance. Quantitative determinations are at least as 
essential in geographical research- as the consideration of the time factor. At 
Oxford we are continuing Dr. Mill’s work. We require our diploma students to 
select some district shown on a sheet of this map for detailed study by means 
of map measurements, an examination of statistics and literature which throw 
light on the geographical conditions, and, above all, by field work in the selected 
district. Every year we are accumulating more of these district monographs, 
which ought, in their turn, to be used for compiling regional monographs dealing 
with the larger natural areas. In recent years excellent examples of such regional 
monographs have come from France and from Germany. 
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The geomorphologist and the sociologist have also busied themselves with 
particular aspects of selected localities. Professor W. M. Davis, of Harvard, 
has published geomorphological monographs which are invaluable as models of 
what such work should be. In a number of cases he has passed beyond mere 
morphology and has called attention to the organic responses associated with 
each land form. Some of the monographs published under the supervision of 
the late Professor Ratzel, of Leipzig, bring out very clearly the relation between 
organic and inorganic distributions, and some of the monographs of the Le Play 
school incidentally do the same. 

The. Double Character of Geogra'pMcal Eesearch, 

To carry on geographical research, whether on the larger or the^ smaller 
units, there is at present a double need, in the first place of collecting new 
information, and in the second place of working up the material which is 
continually being accumulated. 

The Need for the Systematic Collection of Data. 

The first task — that of collecting new information — ^is no small one. In many 
cases it must be undertaken on a scale that can be financed only by Govern- 
ments. The Ordnance and Geological Surveys of our own and other countries 
are examples of Government depaftments carrying on this work. We need more 
of them. The Presidents of the Botanical and Anthropological Sections are, I 
understand, calling the attention of the Association to the urgent necessity for 
complete Botanical and Anthropological Surveys of the kingdom. All geographers 
will warmly support their appeal, for the material which would be collected 
through such surveys is essential to our geographical investigations. 

Another urgent need is a Hydrographical Department, which would co- 
operate with Dr. MilFs rainfall organisation. It would be one of the tasks of 
this department to extend and co-ordinate the observations on river and lake 
discharge, which are so important from an economic or health point of view that 
various public bodies have had to make such investigations for the drainage areas 
which they control. Such research work as that done by Dr. Strahan for the 
Exe and Medway would be of the greatest value to such a department, which 
ought to prepare a map showing all existing water-rights, public and private. 
We shall see how serious the absence of such a department is if we consider 
how our water-supply is limited, and how much of it is not used to the best 
advantage. We must know its average quantity and the extreme variations of 
supply. We must also know what water is already assigned to the uses of persons 
and corporations, and what water is still available. We shall have to differen- 
tiate between water for the personal use of man and animals, and water for 
industrial purposes. The actualities and the potentialities can be ascertained 
and should be recorded and mapped. 

The Need for the ApflicafAon of Geographical Methods to Already Collected 

Data. 

In the second direction of research — that of treating from the geographical 
standpoint the data accumulated, whether by Government departments or by 
private initiative — work has as yet hardly been begun. 

The topographical work of the Ordnance Survey is the basis of all geographical 
work in our country. The Survey has issued many excellent maps, none more 
so than the recently published half-inch contoured and hill-shaded maps with 
colours * in layers.^ Its maps are not all above criticism; for instance, few can 
be obtained for the whole kingdom having precisely the same symbols. It has 
not undertaken some of the work that should have been done by a national 
cartographic service — for instance, the lake survey. Nor has it yet done what 
the Geological Survey has done — published descriptive accounts of the facts 
represented on each sheet of the map. From every point of view these are great 
defects ; but in making these criticisms we must not forget (i) that the Treasury 
is not always willing to find the necessary money, and (ii) that the Ordnance 
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Survey was primarily itiade for military purposes, and that the latest map it has 
issued has been prepared for military reasons. It has been carried out by men 
who were soldiers first and topographers after, and did not necessarily possess 
geographical interests. 

The ideal geographical map, with its accompanying geographical memoir, 
can be produced only by those who have had a geographical training. Dr. Mill, 
in^ the monograph «already refpred to, has shown us how to prepare system- 
atised descriptions of the one-inch map sheets issued by the Ordnance Survey. 
The preparation of such monographs would seem to fall within the province 
of the Ordnance Survey. If this is impossible, the American plan might be 
adopted. There the Geological Survey, which is also a topographical one, is glad 
to obtain the services of professors and lecturers who are willing to undertake 
work in the field during vacations. It should not be difficult to arrange similar 
co-operation between the Universities and the Ordnance Survey in this country. 
At present the Schools of Geography at Oxford and at^the London School of 
Economics are the only University departments which have paid attention to the 
preparation of such monographs, but other Universities will probably fall into 
line. Both the Universities and the Ordnance Survey would gain by such 
co-operation. The chief obstacle is the expense of publication. This might 
reasonably be made a charge on the Ordnance Survey, on condition that each 
monograph published were approved by a small committee on which both the 
Universities and the Ordnance Survey were represented. 

The Geological Survey has in recent years issued better and cheaper 
one-inch maps, and more attention has been given to morphological conditions 
in the accompanying monographs; but it is necessary to protest against the 
very high prices which are now being asked for the older hand-coloured maps. 
The new quarter- inch map is a great improvement on the old one, but we want 
* drift ’ as well as ‘ solid ’ editions of all the sheets. The geographer wants even 
more than these a map showing the quality of the solid rock, and not merely 
its age. He has long been asking for a map which would indicate the distribu- 
tion of clay, limestone, sandstone, &c., and when.it is prepared on the quarter- 
inch, or better on the half -inch, scale the study of geomorpho-Iogy and of geography 
will receive a very great stimulus and assistance. 

The, information which many other Government departments are accumulating 
would also become much more valuable if it were discussed geographically. 
Much excellent geographical work is done by the Admiralty and the War Office. 
The Meteorological Office collects statistics of the weather conditions f rom^ a 
limited number of stations; but its work is supplemented by private societies 
which are not well enough off to discuss the observations they publish with the 
detail which these observations deserve. The Board of Agriculture and Fisheries 
has detailed statistical information as to crops and livestock for the geographer 
to work up. From the Board of Trade he would obtain industrial and commercial 
data, and from the Local Government Board vital and other demographic 
statistics. At present most of the information of these departments is only 
published in statistical tables. 

Statistics are all very well, but they are usually published in a tabular form, 
which is the least intelligible of all. Statistics should be mapped and not merely 
be set out in columns of figures. Many dull Blue Books would be more interesting 
and more widely used if their facts were properly mapped. I say 'properly 
mapped because most examples of so-called statistical maps are merely crude 
diagrams and are often actually misleading. It requires a knowledge of geography 
in addition to an understanding of statistical methods to prepare intelligible 
statistical maps. If Mr. Bosse’s maps of the population of England and Wales 
in Bartholomew’s Survey Atlas are compared with the ordinary ones, the difference 
between a geographical map and a cartographic diagram will be easily appreciated. 

The coming census, and to a certain extent the census of production, and 
probably the new land valuation, will give more valuable raw material for 
geographical treatment. If these are published merely in tabular form they 
will not be studied by any but a few experts. Give a geographer with a proper 
staff the task of mapping them in a truly geographical way and they will be 
eagerly examined even by the man in the street, who cannot fail to learn from 
them. The representation of the true state of the country in a clear, graphic, 
and intelligible form is a patriotic piece of work which the Government should 



648 


TEANSAOTIONS OF SECTION E, 


undertake. It would add relatively little to the cost of the census and it would 
infinitely increase its value. 

Ths Need of Becocjnmng the Geograq)hical Factor in Imperial Prohlems. 

With such quantitative information geographically treated, and with a fuller 
analysis of the major natural regions, it ought to be possible^to go a step further 
and to attempt to map the economic value of different regions at the present day. 
Such maps would necessarily be only approximations at first. Out of them might 
grow other maps prophetic of economic possibilities. Prophecy in the scientific 
sense is an important outcome of geographical as well as of other scientific reseai’ch. 
The test of geographicsd laws as of others is the pragmatic one. Prophecy is 
commonly but unduly derided. Mendelyeff’s period law involved prophecies 
which have been splendidly verified. We no longer sneer at the weather prophet. 
Efficient action is based on knowledge of cause and consequence, and proves that 
a true forecast of the various factors has been made. Is it too much to look for- 
ward to the time when the geographical prospector, the geographer who can 
estimate potential geogi*aphical values, will be as common as and more reliable than 
the mining prospector? 

The day will undoubtedly come when every Government will have its 
Geographical-iStatistical Department dealing with its own and other countries — 
an Information Bureau for the administration corresponding to the Department 
of Special Inquiries at the Board of Education. ^ At present there is no geo- 
graphical staff to deal geographically with economic matters or with administra- 
tive matters. Yet the recognition of and proper estimation of the geographical 
factor is going to b© more and more important as the uttermost ends of the 
Earth are bound together by visible steel lines and steel vessels or invisible 
impulses which require no artificial path or vessel as their vehicle. 

The development of geographical research along these lines in our own country 
could give us an Intelligence Department of the kind, which is much needed. 
If this were also done by other States within the Empire, an Imperial Intelligence 
Department would gradually develop. Thinking in continents, to borrow an apt 
phrase of Mr. Mackinder’s, might then become part of the necessary equipment 
of a statesman instead of merely an after-dinner aspiration. The country which 
first gives this training to its statesmen will have an immeasurable advantage 
in the struggle for existence. 

The Need for the Adequate Endowment of Geography at the Universities, 

Our universities will naturally be the places where the men fit to constitute 
such an Intelligence Department will be trained. It is encouraging, therefore, to 
see that they are taking up a new attitude towards geograph;^, and that tho Civil 
Service Commissioners, by making it a subject for the highest Civil Service 
examinations, are doing much to strengthen the hands of the universities. When 
the British Association iast met in Sheffield geography was the most despised of 
school subjects, and it was quite unknown in the universities. It owed its first 
recognition as a subject of university status to the stimulus and generous finan- 
cial support of the Boyal Geographical Society and the brilliant teaching of 
Mr. Mackinder at Oxford. Ten years ago Schools of Geography were struggling 
into existence at Oxford and Cambridge, under the auspices of the JEloyEd 
Geographical Society. A single decade has seen the example of Oxford and 
Cambridge followed by nearly every university in Great Britain, the University 
of Sheffi^d among them. In Dr, Budmose Brown it has secured a scientifically 
trained traveller and explorer of exceptionally wide experience, who will 
doubtless build up a Department of Geography worthy of this groat industrial 
capital. The difficulty, however, in all universities is to find the funds necessary 
for the endowment, equipment, and working expenses of a Geographical De- 
partment of the first rank. Such a department requires expensive instruments 
and apparatus, and, since the geographer has to take the whole World as his 
subject, it must spend largely on collecting, storing, and utilising raw material 
of the kind I have spoken of. Moreover, a professor of geography should have 
, seen much of the World before he is appointed, and it ought to be an important 
of his professional duties to travel frequently and far. I have never been 
, Vallejtd to my own satisfaction the maximum income which a department 
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of geography might usefully spend, but I have had considerable experience of 
working a department the income * of which was not very far above the 
minimum. Until now the Oxford School of Geography has been obliged to 
content itself with three rooms and to make these suffice not merely for lecture- 
rooms and laboratories, but also for housing its large and valuable collection of 
maps and other mf^terials. This collection is far beyond anything which any 
other university in this country possesses, but it shrinks into insignificance beside 
that of a- rich and adequately supported Geographical Depaitment like that 
of the University of Berlin. This fortunate department has an income of a’bout 
6,000Z. a year and an institute built specially for its requirements at a cost of over 
150,000?., excluding the site. In Oxford we are most grateful to the generosity 
of Mr. Bailey, of Johannesburg, which will enable the School of Geography 
to add to its accommodation by renting for five years a private house, in which 
there will temporarily be room for our students and for our collections, especially 
those relating to the Geography of the Empire. But even then we can 
never hope to do what we might if we had a building specially designed for 
geographical teaching and research. Again, Lord Brassey and Mr. Douglas 
Freshfield, a former President of this Section, have each generously offered 500Z. 
towards the endowment of a professorship if other support is forthcoming. All 
this is matter for congratulation, but I need hardly point out that a professor with 
only a precarious working income for his department is a pei^on in a far from 
enviable position. There is at present no permanent working income guaranteed 
to any Geographical Department in the country, and so long as this is the case 
the work of all these departments will be hampered and the training of a succes- 
sion of competent men retarded. I do not think that I can conclude this brief 
address better than by appealing to those princes of industry who have made 
this great city of Sheffield what it is to provide for the Geographical Depart- 
ment of the University on a scale which shall make it at once a model and a 
stimulus to every other university in the country and to all benefactors of 
universities. 


The following Papers were then read : — 

1. The Origin of some of the more Characteristic Features of the Topogra'phy 
of Northern Nigeria. By Dr. J. D. Falconer, F.R.O.S. 

The Protectorate of Northern Nigeria comprises an area of about 255,700 
square miles, the greater part of which lies between Lake Chad and the con- 
fluence of the Rivers Niger and Benue. The hydrographical' centre of the Pro- 
tectorate is the Bauchi plateau, which rises to a height of 4,000 to 5,000 feet above 
sca-level. The rivers belong to two great hydrographical systems, the Niger- 
Benuc system and the Chad or desert system. The watersheds are lofty plains 
characterised by a matured topography, while the more prominent ranges of hills 
exert only a very secondary influence on the drainage system. The rivers in their 
upper and middle courses flow over open plains whose surface is diversified by 
numerous isolated granite domes, turtlebacks, and groups of rounded hills (insel- 
berge). In their lower courses, on the other hand, they frequently flow in deep 
and ti*ench-like valleys, bounded on either side by ranges of flat-topped hills. 
These plateau-like inasses and tabular and conical hills have invariably been 
carved out of horizontal sedimentary rocks, while the isolated domes and turtle- 
backs of the upper plains afford clear evidence of a crystalline floor. 

The peculiar character of the river valleys is entirely due to the recent origin 
of the whole river-system. It is believed that in late Tertiary times the surface 
of the Protectorate was for the most part reduced to low relief, and that the 
plains of Hausaland were continuous with the plains of Borgu and Ilorin across 
the Niger valley. The crystalline plains with their domes and inselberge, as 
well as the sedimentary plains with their flat-topped and conical hiUs, are to 
be regarded as a final product of the subaerial denudation of a land surface 
exposed to alternations of periods of erosion and periods of intense weathering of 
the rocks in situ. Late Pliocene or early Pleistocene crustal movements brought 
about the irregular elevation of this levelled surface into elongated arches and 
troughs along axes which run approximately N.N.W. — S.S.E. and W.S.W. — 
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E.N.E. The summits of the arches form the present watersheds, while the 
floors of the troughs are occupied by the present trunk streams. The effect of 
the interference of the two sets of arches, of their gradual and unequal elevation 
from point to point, and of the geological structure of the country can be readily 
recognised in the principal river valleys. The intersection of the two central 
arches was marked by the differential elevation of the Bau<”hi plateau and the 
Nassarawa table-land and the lagging behind of the middle Benue valley. The 
valleys of the upper Benue and of the middle Gongola are more ancient than the 
Niger valley, and appear to be relics of an earlier hydrographical system. The 
presence of swampy and lacustrine conditions in Bornu dates from a period 
preceding the movement of elevation. Lake Chad, as we know it, owes its origin 
indirectly to its position in a trough between two axes of elevation, and more 
directly to the recent presence of arid conditions in the Sudan. 


2. The Ex'ploration of Prince Charles Foreland, S'pitslergen, during 1906, 
1907, and 1909. By William S. Bruce, LRD., F.RB.E. 

This communication was a result of explorations carried on by three Scottish 
expeditions during the summers of 1906, 1907, and 1909. A brief account having 
previously been given of the work during the first two years, an account of the 
third summer^s work was mainly dwelt upon. In 1906 Dr. Bruce was accom- 
panied by two assistants and was largely equipped by H.S.H. the Prince of 
Monaco, who also took the party from and back to Scotland on board his yacht 
Pnncesse Alice, landing them on the north end of the east coast south of Point 
Carmichael. In 1907 Dr. Bruce chartered the steamer PJicemx, which took his 
party of three and himself from Tromsd to Prince Charles Foreland and landed 
them twelve miles from the south end of the west coast at north end of Edinburgh 
Isles. The party returned from the Foreland in the walrus-sloop Johannes Bache» 
In 1909 the trawler Conqueror, of Leith, was chartered, the fish-hold being con- 
verted into a cabin for officers and scientific staff, and the after-quarters and 
foc’sTe being reserved for petty officers and crew. There were nineteen all told, 
including the scientific staff of seven, besides Dr. Bruce. Captain Napier was 
master of the ship, now transformed into the yacht Conqueror. The following 
are the scientific people who have accompanied Dr. Bruce : Mr. Ernest A. Miller, 
in 1906; Mr. J. Victor Burn Murdoch, F.Gr.S., and Mr. Stewart Ross, M.A., 
in 1907; and Mr. John Mathieson (H.M. Ordnance Survey), Mr. R. N. Rudmose 
Brown, D. Sc,, Mr. J. Victor Burn Murdoch, F.G.S., Mr. Harry Hannay, Mr. 
Ernest Miller, the late Mr. Angus Peach, B.Sc., and Mr. Alistair Geddes, in 
1909. Piper Gilbert Kerr, formerly piper to the Scotia, accompanied all three 
expeditions. 

The chief object of the expedition was to make a detailed map of Prince 
Charles Foreland. The map is a continuation of similar work carried on by the 
Prince of Monaco on the mainland of Spitsbergen and by Norwegians under his 
direction. The scale is 1 : 126,720= 2 miles to an inch. The heights on the land 
are given in feet; the depths of the sea in fathoms. The island is about fifty- 
four miles long and from three to seven and a half miles broad, having an average 
width of five miles; the area is about 262 square miles. An almost continuous 
mountain chain occupies the northern two-thirds of the island. At the south end 
is a hilly portion, the *Ross Heights,’ separated from the northern chain by 
an extensive low-lying part now called the ‘Foreland Laichs.’ The northern 
mountain chain* is now named the ‘Northern Grampians,’ and in its central part 
has hills rising to a height of over three thousand feet. The northernmost of these 
is Mount Monaco (3,800 feet) and the southernmost is Mount Jessie {3,300 feet). 
' They are magnificent, precipitous, sharply peaked mountains with precipices and 
gullies to the west, while they are heavily glaciated to the east with a large and 
almost continuous ice-sheet, which is fed from glaciers arising in the first place 
from the very summits and highest ridges. 

A considerable number of soundings were taken in Foul Sound, demonstrating 
a bar towards the northern end over which vessels drawing more than twelve or 
fifWn feet have difficulty in finding a passage. In the south end of Foul Sound 
depths of considerably over a hundred fathoms were obtained, rapidly coming up 
to three or four fathoms near Ferrier Haven. 
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Geologically, the island is composed of hard graywackes and schists, probably 
of the Hekla Hook series ; at the west end of Glen Mackenzie very coarse con- 
glomerates forming the North and South Sutors cccur with sandstone slabs re- 
sembling Caithness flags further to the west along the shore. On the east coast, 
fringing the low land which surrounds almost the whole island for a mile or more 
inland, are to be found tertiary beds containing plant remains. These occur to 
the south of Point«Carmichael and at Ferrier Haven. 

The flora is similar to that of the mainland of Spitsbergen. 

The fauna is also similar to the mainland, but Dr. Bruce added a new record 
not only for the Foreland, but for European Arctic regions, in finding the adult 
and fledglings of the sanderling there. The capture of the sabine gull and the 
recording of great northern diver and razor-bill are also noteworthy. Much yet 
remains to be worked up regarding the micro-fauna. 


3 . Plans for a Second Scottish National Antarctic Expedition, 19 ] 1 . 

By William S. Bruce, LED., F.R.S.E. 

It is hoped that this expedition will leave Scotland about May 1, 1911, and 
reach Buenos Aires about June 20. From Buenos Aires a departure will be 
made about July 1, and a zig-zag course steered between 40° and 50° for the 
purpose of broadly completing the bathymetrical survey of the South Atlantic 
Ocean begun by the Scotia in 1902-04. Cape Town should be reached on 
September 1. At Cape Town the ship will coal and refit, and a course will 
be steered for the Sandwich Group, where it is hoped funds will allow another 
vessel to meet her, carrying equipment, coal, and fresh food from Buenos Aires. 
Further soundings will be made between Cape Town and Sandwich Group, 
especially to try and prove the hypothetical * Eise ’ joining the Sandwich 
Group and Bouvet Island, as well as the ‘Scotia Eise,’ discovered by the 
Scottish Expedition, 1904. From the Sandwich Group the expedition will steer 
for Coats Land or some place with suitable anchorage and landing in the 
vicinity of Coats Land. A party of ten or twelve persons will be landed here 
and a house erected. As there appeared to be no suitable landing-place along 
the 150 miles of Coats. Land discovered by the Scottish Expedition in 1904, 
the expedition may have to go a little further west or east, posisibly as far east 
as Cape Ann, Enderby Land. The ship will thereafter proceed to Melbourne 
by a route in as high a latitude as possible, taking soundings and carrying on 
deep-sea research, having as a special objective the determination of former 
continental connections. The ship will winter at Melbourne, carrying out such 
work as funds will allow and time will permit by means of one or more short 
cruises to the sputh. Cp-onera tion -with Australian and New Zealand Govern- 
ments. societi eF■^fr^.. 4 iny special work which they would wish to 
have accomplished in these seas wdOiiOae In the spring the ship 

will push southward to McMurdo Strait, Victd^ftasjyi^ in order to send a sledge 
party southward with supplies for another party, whf^h, under my leadership, 
will be crossing over the Antarctic Continent by way of dhe South Pole from 
Coats Land. The meeting of the trans-continental party and th», relief party 
will likely be in the vicinity of the Beardmore Glacier. The combihe'dSjpartiesi 
will then return to the ship and sail for New Zealand, The Scottish ExpedrCiw^- 
will not make any special investigations in the region of McMurdo Strait, because- 
since the publication of these plans in April 1908 and April 1909 Captain Scott 
has chosen this region as his special sphere of work. From New Zealand the 
ship will proceed across the Pacific Ocean to Magellan Straits or the Falklands, 
and carry on such oceanographical research as is possible in as high a^ southern 
latitude as the winter season will permit. In the spring the expedition will 
proceed southward in the Weddell Sea to relieve the wintering party, which will 
now have spent two years there. This party will devote special attention to 
the survey of the coastline of Antarctica both to the east and west of the 
station. Complete meteorological, magnetic, and other physical and biological 
outfit will be provided, and it is hoped that arrangements will be made to co- 
operate with Meteorological Stations at Scotia Bay, South Georgia, Cape Pern-, 
broke, and elsewhere, The total cost of the expedition will be about 50,000?, 
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4. The Voyage of the ‘ Nimrod ’ from Sydney to Monte Video, 

May 8 to July 7, 1909. By j. K. Davis. 

Acting under instructions from Sir E. Shackleton an attempt was to be made 
to locate the positions of some charted islands marked ‘doubtful,’ viz, : (1) Royal 
Company Islands, (2) Emerald Island, (3) Nimrod Islands, and (4) Dougherty 
Island, In the event of being able to find any of these * dot?btful ’ islands, w'e 
were to land (if possible), obtain their precise positions and main features, &c. 
In the event of no land being visible at or near the charted position, deep-sea 
soundings were to be taken and vicinity searched. 

Meteorological observations were to be taken at intervals of two hours during 
the voyage, and these are of some interest, as ships do not usually traverse these 
latitudes in the months of May and June. 

We visited Macquarie Island, and obtained numerous specimens (skins, skele- 
tons, mosses, rocks, &c.). 

The question how the islands (marked ‘ doubtful ’) came to be placed on the 
chart, the precautions taken to. secure reliable results in observations for latitude 
and longitude during the voyage, and the weather conditions, currents, sound- 
ings, &c., were discussed. 

Narrative of the voyage : — 

May 8, Sailed from Sydney. 

May 18, Sailed over charted position of Royal Company Islands. No land 
visible. 

May 26. Anchored off Macquarie Island. What we found on the island. 

May 30. Left Macquarie Island. 

June 9. Search for Nimrod Islands. 

June 17. Search for Dougherty Island. Ice met with. 

June 27. Sighted Diego Ramirez Island at a distance of 14 miles, 

July 7. Arrived at Monte Video. 

Results of the voyage and reports furnished by navigators since the islands 
were fiirst charted were considered. 


FBIDAY, SEPTEMBJSB 2. 

Joint Meeting with Section G. 

The following Papers were read ; — 

1. The Qeol^ofS&effsU. By Cosmo Johns. 



^TMMelaUurgical Industries in relation to the Books of the Distnot. 

^ Jr'- ” By A. McWilliam, A.B.S.M., M.Met. 

Sheffield is situated on the outcrop of the Coal Measures, which consist of 
alternating sandstones and shales, with beds of coal, clay ironstone, and fireclay. 
The district was in ancient tunes thickly wooded, affording supplies of the then 
principal metallurgical fuel, charcoal. The raw fuel of to-day is coal, and the 
enormous influence of this source of practically all our power, high temperatures, 
reducing agent, and artificial light is so obvious that it need only be mentioned. 
Different l^ds of this coal are suitable for making into the various kinds of 
coke required for crucible, cupola, and blast-furnace work. There is coal that 
is suitable for steam-raising and for making into producer gas for use in the 
great open-hearth and other gas-fired furnaces, and there is even a bed that fulfils 
the very exacting needs of the old cementation furnace. With regard to coal 
the most striking development since the last visit of the Association is the estab- 
lishment of a line of collieries down the outcrop of the Permian rocks to the east, 
where the well-known beds of coal were found at reasonable depths. Recent 



TRANSACTIONS OF SECTION E. 


653 


developments even within the last two or three years have made the district one of 
the richest in the kingdom with regard to coal supply. The clay ironstone, ferrous 
carbonate with clay, yields an excellent pig iron, containing about 0*6 per cent, 
phosphorus, and suitable for making into castings and for the manufacture of the 
best qualities of wrought iron for use as such. This ore is the source of the famous 
Yorkshire iron, still made near Leeds, though in diminishing quantities. The great 
bulk of the ironstqjie now used is the cheaper variety from Northampton, Leicester, 
^d Lincoln, and consists of brown iron oi’e, hydrated ferric oxide, yielding pig 
irons containing about per cent, of phosphorus. These are suitable for manufac- 
turing cast-iron castings and ordinary wrought iron and for making into basic 
steel, the refractory dolomite necessary for lining the vessel or making the hearth 
in which the steel is made being procured from the magnesian limestone to the 
east. These pig irons are not suitable for making into the highest qualities of 
Sheffield’s special steels, so hematite pig-irons, from the hematite ores of Lanca- 
shire, Cumberland, and Spain, are imported for making into acid Bessemer or 
acid open-hearth steel, that is, steel made in an acid- or silica-lined vessel or 
hearth, and that can thus be finished in contact with an acid slag. The best 
qualities of Swedish wrought irons are also imported for making into cutlery, 
edge tools, general cutting tools for engineers, &:c. As refractory materials for 
these processes, and even for the ro-ofs of the basic furnaces, much acid material 
of great purity is required. Some of the Coal Measure sandstones consist of 
particles of quartz that have been cemented by silica, so that the whole rock very 
often consists of 98 per cent. SiOg. This rock, called ganister, is mined round 
Oughtibridge and made into refractory silica bricks for withstanding the highest 
furnace temperatures. A similar firestone is used for building the walls between 
the crucible holes and for other purposes, and ground ganister, mixed with a little 
fireclay and water, is rammed round wooden moulds to form the crucible melting 
holes and also the linings of Bessemer converters. Fireclay is also abundant, 
providing the firebricks used for the less highly tried portions of the furnaces. 
Some of the carboniferous sandstones yield splendid grindstones, and building 
stones are abundant and at high levels, whilst there are deposits that are of the 
composition necessary for making ordinary bricks without any additions. The 
inexhaustible Derbyshire limestone is available as a flux, and the fact that 
lead mining in the mountain limestone was once a great industry has an 
important bearing on the manufacture of basic steel, for the great heaps of 
gangue left by the miners are being worked over for fluorspar, which is used to 
help in desulphurising the metal. Barytes is won at the same time, and though 
mainly used as the most permanent white basis of photographic papers and for 
mixing with white lead, some of it may be converted into BaClj, which is brought 
to high temperatures by electrical means for heating high-speed steels for 
hardening purposes. The millstone grit, once so famous for its use as millstones 
for grinding corn and for erecting buildings to last for aye, is now superseded, for 
the former by iron rolls, and as it is too hard to work for present-day building 
requirements, it is mainly left to look grim and grand in the scenery, though 
recently it has been much used in building the new great dams and helping to add 
the only feature our beautiful district lacked, extensive sheets of water. G-anister 
has been mentioned, a sandstone in which the particles of quartz are cemented by 
quartz. To the east of Sheffield, in the Upper Permian and perhaps Lower Triassic 
beds, as, for example, near Worksop, there are extensive deposits of a natural red 
moulding-sand of the best quality, in which each rounded particle of- quartz is 
roughened by a coating of reddish brown oxide of iron, and the whole deposit 
contains the right admixture of clay to give the necessary compromise between 
binding quality on the one hand and porosity on the other required in a moulding 
san-d for general foundry-work. 

Sheffield is therefore situated in the midst of an abundance of flux for dealing 
with impurities, of fuel for power and for attaining the high temperatures required 
in the manufacture of iron and steel, and of the best of refractory materials for 
withstanding these high temperatures; and when materials at hand do not 
satisfy the severe requirements of the special trades others are freely imported, 
as in the case of hematite pig-irons and Swedish and other wrought irons for 
iRiaking into the highest qualities of special steels. 

U tj 
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3. The Humber during the Human Period. By T. Sheppard, F.G.S. 

’ Mr. Sheppard has made a collection of the various published and manuscript 
charts and maps of East Yorkshire dating fi-om the time of Henry VIII. to date. 
A ^reat number of these^ are of particular interest, as they illustrate the extra- 
ordinary changes that have taken place in the south-east corner of Yorkshire. 
Probably no district in the Bxutish Islands illustrates so well recent geographical 
changes as does South-east Yorkshire. 

Between Bridlington and Spurn Point, a distance of some thirty miles, the 
land has been worn away at a rate varying from a few feet to over twenty feet 
per annum. Careful measurements show that an average of seven feet per annum 
has been washed away along this coast line. This estimate is confirmed by 
historical data. Entire villages have been swept away; in recent years great 
areas of land have been swamped ; whilst, on the other hand, meres and marshes 
in Holderness have been artificially drained and are now dry land. 

Spurn Point is the only part of the Holderness coast that has grown, and 
measurements of this are given showing its pi ogress from 1428, It was also 
pointed out that at different periods in its history the tongue of sand had been 
severed and islands were fomied. Upon some of these the author suggested the 
towns of Bavenser and Bavenser Odd existed in mediaeval times but have now 
disappeared, xifter dealing with the lost villages and towns of the coast and 
the Humber the author described in detail the growth of new land within the 
estuary, particularly at Sunk Island, Beads Island, and Broomfleet Island. 
Photographs of the various charts were thrown upon the screen, some of which 
were exceedingly scarce or had been previously entirely unknown. One of them, 
circa Henry VIII., showed an island to the east of Spurn Point. 

The following plans were exhibited in illustration of the paper : MS., femp. 
Henry VIII. ; Speed, 1610 ; Dutch map, early seventeenth century ; Blome, early 
seventeenth century; Collins, 1684; Morden, 1722; Moll, 1724; Chart, 1725; 
Scott, 1734 ; Bowen, 1760 ; Jefireys, 1772 ; Kitchen, 1774 ; Tuke, 1786 ; Cary, 1805 ; 
Directory, 1838; Boyle, 1889. 

An interesting series of plans and views of Hull illustrated in the way in which 
that town was encroaching upon the Humber estuary. 


4. Matavanu, a New Volcano in Savaii {German Samoa). 

By Tempest Anderson, M.D., D.Sc., F.G.S. 

Though not the seat of government, Savaii is the largest of the Samoan 
Islands in the Central Pacific Ocean. It ha® a backbone of volcanic mountains, 
some of which rise to a height of over 4,000 feet; most of them are extinct or 
dormant, but there have been several small eruptions within the last two hundred 
years, and one as lately as 1902. 

The volcano of Matavanu was formed in 1905 to tho north of the main ridge, 
and near tho centre of the island. The early part of the eruption was character- 
ised by explosions, and the ejecta were mainly solid, but later on an enormous 
quantity of very fluid basic lava has been discharged. This has flowed by a 
sinuous course of about ten miles into the sea, devastated some of the most 
fertile land in the island, and covered it up with lava fields probably not loss 
than twenty square miles in ai’ea. 

The crater contains a lake, or rather river, of molten lava so fiuid that it 
rises in incandescent fountains, beats in waves on the walls, and rushes with 
great velocity down into a gulf or tunnel at one end of the crater. The lava, 
still liquid, runs into a passage, or perhaps system of passages, under the surface 
of the lava field, its course being traceable by a line of laige fumar^oles, till, 
still in a fluid condition, it reaches the sea, into which it flows with energetic 
explosions and the discharge of large volumes of steam, black sand, and frag- 
ments of lava. Where the action is less violent a structure resembling that of 
some varieties of pillow lava is produced. 

Photographs were shown on the screen illustrating the crater, the lava fields, 
with thein subsidences and tunnels, the explosions, as well as others which 
ea^led a comparison to be made between the devastated and untouched parts 
qf ^he island. 

/. Gcol.f November 1910; Nature^ November 17, 1910, 
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5. Present Trias Conditions in Australia, By Eev. E. C. Spicer, 

M,A„ F,G,S. 

Triassic conditions in England resulted in (1) the jagged outline of the peaks 
visible above the ‘ buried landscape ’ of Charnwood Forest ^ which were thus 
modified dui’ing their exposure in Trias times; (2) the formation of the ‘Bunter 
pebble bed ’ ; (3) 'the thick deposits of wind-bedded Trias sandstones ; (4) the 
Keuper marls; (5) the salt deposits; (6) the poor fauna and flora; (7) footprints 
and burst viscid bubbles (‘raindrops’). 

Flinders Range in South Australia is modified into rounded outlines in the 
south, where there is a fair amount of regular rainfall. In the northern part 
of the range, beyond the influence of the southern cyclonic system, the range 
becomes (1) jagged in character. 

(2) During some years there is no rain at all. When a drought breaks up 
there is usually a ‘ deluge ’ of two or three inches, sometimes falling in twenty- 
four hours, accompanied by heavy thunder. The only outlet from the range-mass 
is through gorges five miles apart opening on to the Great Western Plain. A great 
wall of water rushes furiously through these gorges, pushing a mass of ho'idders 
and gravel bodily downwaa^ds, gradually wearing the hard materials down and 
spreading them in great sheets over the plain. 

(3) In the long dry summers and in drought seasons the Great Western Plain is 
covered by a mass of moving sand, driven in great clouds by the rare high winds 
and constantly drifting over the plain. 

(4) Around Lake Torrens and inland the surface is more oompaot and of a 
marly character. 

(5) Lake Torrens is. flooded during the rain-storm periods. As the lake water 
evaporates the marshy border dries up, and there are great areas of coarsely 
crystallised salt, 

(6) The plain below Flinders Range is almost destitute of life, with the 
exception of a few hnds and reptiles. All the animals that cannot escape to 
trees are drowned when the floods occur. 

(7) The drying muds receive the impression of emu tracks; the drifting sands 
blow over these and preserve them, while the decaying drifted vegetation pro* 
duces gas bubbles in the viscid mud, which is, also covered by drifting sand. 

Thus the northern part of the Flinders Range area and the Great Western 
Plain region extending to Lake Torrens reproduce Trias conditions at the present 
time. 


The following Paper was read in Section E : — 

Notes on a Journey through South America from Bogota to Mandos via 
the River TJaupis. By Hamilton Rice, B.A., M.2). 

The author spoke of the march from Bogota to Villa vicencio by passage of the 
Andes and across the ‘ llanos ’ to San Martin, the cattle centre of S.E. Columbia 
and last outpost of mtmicipal control. 

The ‘ tierra caliente ’ and beginning of the densely forested Amazonian area 
marked by the watershed of the Meta and Guaviare rivers, big western tributaries 
of the Orinoco, just to the south of which region the sources of the Uaupes 
originate. 

The river’s extent and geological character of the country through which it 
flows, — In the western portion the rock masses and hills are of lacolithac structure, 
as evidenced by their scoriaceous and pyroclastic appearance, which attests a very 
rapid cooling from the original frothy and viscid condition. In the eastern part 
of its course the rocks forming it-s rapids and composing the discrete dome shaped 
and sugar-loaf forms of hills are granitic in character, and the river banks are 
formed of coarse or fine sand instead of the soft unctuous-like mottled-clay found 
everywhere above. 

From any eyrie where far-reaching areas may be discerned the terrain presents 
a surface of undulating or crumpled unevenness, suggestive of a process of uplift 
having ensued in conjunction with, or as complementary to, the violent volcanic 
cataclysms of a former period. 

The aboriginei^, or so-called Indians, mhahiting its banks, of Tupi-Guarani 

TT TJ 3 
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stock. ‘Mansos’ or peaceable tribes, and * bravos’ or wild ones. Cubbeos, 
Qneiianas, Tarianos, and Tucanos, the four tribes of the main river. Some 
anthropological and ethnological considerations of the respective tribes. Diversity 
of size and characterised by types varying from^ Caucasian to Mongoloid. 

A religion in which a single Supreme !^ing is worshipped and invested with 
all the awe-inspiring and terrifying attributes that such a conception would seem 
most likely to engender in the 'thoughts of a people whose mentality could not 
fail to be influenced by the eeriness and mystery of the stupendous forest, with 
its hideous and repulsive serpents and deep gloom, the terrific thunderstorms 
the country is subject to, and the river, treacherous of navigation and full of 
roaring foaming rapids, such an environment as would, through fear, inspii’e 
morbid emotion and superstition. No belief of a future existence. To pay 
homage to or appease the anger of this Being consists of a ritual of extraordinary 
and weird rites, but the ceremonies degenerate into orgies of cachire drinking 
and insensate revelry, and they seem to have lost their power of appeal to the 
psychical side of the people. 

Live under primitive communal conditions, existing by hunting, fishing, and 
practising agriculture to a limited extent. All practice monogamy except the 
chiefs or tuchanas, whose rule is absolute and hereditary in the male line. 

Diseases. — The people’s immunity from certain forms and marked suscepti- 
bility to others. 

The ‘ caucheris ’ or traders and the rubber industry as carried on in this 
region. 

Data from which the map of the river was made. 


MONDAY, &1SPTEMBEE 5. 

The following Papers and Report were read : — 

1 - Cotton Growing within the British Em fire. 

By J. Howard Eeed, F.R.G.S. 

The cotton industry of Lancashire, which ranks next to agriculture in import- 
ance, employs close upon 500,000 workers and gives sustenance to several millions 
of people, depends entirely upon an ample supply of raw cotton-fibre, imported 
from thousands of miles across the seas, not one ounce of which can be grown 
at home. A shortage in the supply of raw cotton during recent years has caused 
not a little trouble and distress, and threatens more serious disturbance in the 
future. The shortage of cotton has been brought about by the greatly increased 
demands for raw fibre by the mills of Europe, and more especially by the vast 
development in the manufacture of cotton goods in the United States. Though 
the quantity of raw* cotton used in Lancashire to-day is only a trifle more than 
was the case twenty years ago, during the same period the weight of fibre used 
on the Continent has very nearly doubled, and the total is now more than twice 
that of the British figure. The demand of the American mills has increased 
at an even greater rate than has that of Europe, and is now nearly double the 
British demand and nearly equal to that of the whole of the Continental countries. 

Year by year we are gradually approaching a very serious crisis, as the 
shortage of cotton is regular and progressive, and unless supplies of raw fibre 
are obtained from other fields than those of America the Lancashire industry will 
not only gradually languish and decay, but will completely perish. For this 
reason it has become all-important that the industry of cotton growing in 
British colonies should be fostered and developed, and if the effort is not 
abundantly successful within a few years the great staple trade of Lancashire is 
doomed. This is a sweeping statement, but it is none the less true, although the 
people most interested even now do not seem fully to realise the position. For 
several years the British Cotton Growing Association have energetically devoted 
themselves to the solution of the problem, with some measure of success, although 
they, have been tardily and inadequately supported with the financial aid which 
Wie n^ds. The countries of Egypt and India up to pow have been 
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the only substantial sources of supply which have supplemented the jproduction 
of the American cotton-fields. Some measure of increase may be expected from 
these districts, but such expansion will be wholly inadequate to meet the 
increasing demands of the world. It is well known that, generally speaking, all 
countries within forty degrees north and south of the Equator are climatically 
capable of growing cotton, provided the soil is of average fertility and the rain- 
fall sufiScient. It will be at once seen that such a cotton-growing zone embraces 
the whole of the British colonies except Canada, Tasmania, and a portion of New 
Zealand. Consequently there should be no physical or geographical difficulty in 
obtaining ample supplies of cotton within the British Empire, provided the neces- 
sary stimulus, financial and otherwise, is applied. The island colonies of Cyprus, 
Malta, Mauritius, Seychelles, and Fiji, and portions of Australia, British Borneo, 
and the East Indian colonies each and ail produce native cotton, and such pro- 
duction can doubtless be considerably increased and rendered available fb'r 
export. In the West Indies the efforte of the British Cotton Growing Associa- 
tion have already succeeded in re-establishing the industry of cotton-growing, 
with much promise of success. The African colonies, more especially Uganda, 
Nyasaland, and Lagos, have conclusively shown that the ‘Dark Continent' is 
destined to provide a very large share of the cotton fibre which is so essential 
for the commercial prosperity of the mother country and for the salvation of the 
great Lancashire industry. So far for the seven years during which the cotton- 
growing effort has been pushed and stimulated considerable success has been 
achieved, but what has been done only makes it clear that the efforts need to be 
continued with increasing energy. The increased production of cotton, due to 
the efforts of the British Cotton Growing Association, has been progressive from 
year to year, but the needs are so enormous and the work so colossal that 
the increased supplies obtained during seven years only reach about one-thirtieth 
of Lancashire’s average yearly demand. Devotion, .energy, persistence, and 
increased financial aid are urgently needed from all sources, whether they be 
private, commercial, or Governmental. 


2. The Region of Lakes Albert and Edward and the Mountains of Ruwenzori, 
By Major E. G. T. Bright, O.M.G. 

The country described lies to the south-east of Lake Edward and close to the 
Uganda-German East Africa frontier. The name Albert Edward for Lake Edward 
used to cause confusion between it and Lake Albert. There was a also a large 
ann of Lake Edward which had no native name. Last year King Edward 
approved of Lake Albert Edward being known as Lake Edward and its north- 
easterly arm being named George after the Prince of Wales. Travellers and 
Government officials had at various times visited the greater portion of the 
country we passed through. Lake Edward occupies a depression from 1,000 to 
2,000 feet below the plateau and is 3,000 feet above sea-level. At the southern 
end is a flat plain with a few acacia thorn and euphorbia trees dotted over it. 
Hundreds of antelope roam over the plain. The few inhabitants (Bakonjo) live 
close to or even on the waters of the lake, passing a curious existence and 
dwelling on rafts. The water is brackish and unpalatable. Near the northern 
shore is a group of small islands, one of which is densely populated. There is 
no room for cultivation, so its inhabitants live on fish and foodstuffs purchased 
from the natives on the mainland, 

Kazinga Channel is a narrow strip of water from one- quarter to three- 
quai’ters of a mile in width. It connects Lake Edward and Lake George, which 
lie in open country. Its shores are swampy, especially where it is entered by 
the River Mubuku. The swamp on the north-east of the lake was generally 
full of elephant, and a large herd of buffalo roamed with them. 

The Katwe salt lake is worked by the natives. The salt is prepared and 
then made up into loads wrapped round with banana leaves. In this form it is 
carried by men to the various native markets; it is not, however, fit for 
European consumption. The river Semliki flows out of the north end of Lake 
Edward along a broad shallow valley through the eastern extremity of the great 
Etuli forest of Equatorial Africa. The forest is often of the greatest density, 
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though not always tropical in character. It is dismal in the extreme aAd swarms 
with stinging ants and insects. The Somliki valley becomes an open grass plain 
near Lake Albert, 

The huge ridge of Buwenzori lies between the Biver Semliki and the plateau 
north of the Edward depression. It is some seventy miles in length and about 
thirty miles across in its widest part. Above the forest area, a little over 
14*, 000 feet, are bare rocks, ice, and snow. Streams descend •'from the glaciers 
through deeply scoured valleys on the east and west. Some small lakes lie 
below the snow regions. Th© snow peaks of Buwenzori are situated in an area 
of about fifty-five square miles in the central part of the mountains. They 
consist of three main groups, that reaching the greatest height being on the 
west. Peak Margherita, the summit of the range, is 16,794 feet in altitude. 
The snow line in the valleys comes as low as about 13,200 feet. It is but a few 
miles north of the equator. 

Lake Albert bears a strong general resemblance to Lake Edward.^ Their 
widths are much the same, some thirty miles across, though the former is about 
100 miles in length — double that of Lake Edward. The mountains on the west 
of the lake rise to an altitude of 7,000 feet and over, and in places fall sheer into 
the water, while on the opposite side is a similar escarpment which runs close 
to the lake. At the northern end this line of hills diverges eastwards, leaving 
a broad scrub-covered plain. Native market-places have been established at the 
Government stations, and there every morning a brisk trade is carried on in food- 
stuffs, &c. 

There is iron ore in the highlands, which is smelted for the making of weapons 
and agricultural implements. An extraordinary absence of animal life is notice- 
able in the mountains ; except in certain parts, which are visited by elephants in 
the wet sevens, th© country is destitute of wild animals and birds. The low- 
lands, however, are rich in game. The lake swarms with hippopotamuses and 
crocodiles, more especially at th© mouths of the small streams. 

In the narrow strip of country between the Congo-Nile watershed and Lake 
Albert the inhabitants differ widely. Korovi appears to be the meeting-point 
of the Bantu and Nilotic peoples. The Baleg^a and Bavira are of Bantu origin 
■and are closely allied. Northwards of Korovi the country is inhabited by the 
Lendu, a finer and a darker tribe than either the Balegga or Bavira. The Lendu 
are warlike and treacherous, and we had several men killed whilst in their 
country. The native kingdom of Ankoli, one of the three kingships in the neigh- 
bourhood of the lakes, may be said to stretch so far westwards as th© shores of 
Lake Edward. Its population can be roughly classified as the Bahima, the 
aristocmey, and the Baero, the cultivators and serfs. In Bunyoro, on the west 
of Lake Albert, the natives have a custom of extracting the four lower front 
teeth, which causes the upper teeth to grow forward. The Baamba live in the 
forest country on the west of Buwenzori. Their villages are built on the tops 
of ridges, and a stout wooden stockade encircles them. The Baamba fear the 
pigmies; these little people neither cultivate the land nor do any cultivation. 
They do not even built huts. They prey on the crops of their larger neighbours, 
and in return do them service when fighting and hunting. The Batwa or Bambutu 
dwell in the forest on both sides of the Biver Semliki. They are pigmies, standing 
about four feet high. Though there are several different kinds of pigmies, they 
appear to have no tribal organisation. 


3. Seport on (he Geodetic Arc in Africa , — See Reports, p. 75, 


L Through (he Heart of Asia from India to Siberia. 

By Lieutenant P. T. Etherton, F.Jt.O.S. 

The ©^edition from India through Gilgit, Hunza, across the Pamirs, and 
through Chinese Turkistan, Mongolia, and Siberia to the Trans-Siberian 
, M^ay was undertaken by Lieutenant Etherton, Indian Army, for the purpose 
ef big-game footing and the study of the larger fauna of Central Asia and 
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Mongolia. The distance covered totalled nearly four thousand .miles, and lay 
over routes which to a great extent had never previously been traversed. The 
only persons who completed the whole of the journey were Lieutenant Etherton 
and his native orderly, a Garhwali from the Himalayas, the caravan men and 
followers being changed from time to time. The average strength of the caravan 
was ten men, bub this was varied to meet circumstances. Lieutenant Etherton 
left Lansdowne m the Himalayas in March 1909 and travelled vid Kashmir, the 
Gilgit Valley, and Hunza to the Pamirs, meeting with great difficulties on the 
way, owing to the road being blocked by snow and huge avalanches. On the 
Pamirs the expedition remained one month, camp being at an elevation of from 
14,000 to 15,000 feet above sea-level. Prom the Pamirs Lieutenant Ether^n 
proceeded by the Hi Su Pass (16,750 feet) to the little-known Yarkand River, and 
thence crossed into the Kulan Urgu Valley by a pass (17,400 feet) which had 
never previously been crossed by a white man. Here the expedition met with 
numerous difficulties owing to the mountainous nature of the country, one of the 
yaks being lost down a precipitous slope, falling over 1,500 feet. After that the 
greatest difficulty was experienced in crossing fords in the Kulan Urgu valley. 
Lieutenant Etherton arrived there in June, when the water is at its highest from 
che melting snow. The fords are extremely dangerous, yet twenty-six of them 
were crossed in one day. Prom the Kulan Urgu valley the expedition crossed 
by two high passes into the valley of the Asgar Sai, and down this to Yarkand, 
where it arrived in the middle of June after many adventures. Thence the 
journey was continued onward through Chinese Turkistan'for several hundreds 
of miles to the Tian Shan Mountains, the central portion of the mountain 
system of Asia. Here three months were passed, during which Lieutenant. 
Etherton visited and traversed the Great Yulduz valley, about which compara- 
tively little is known since the Russian explorer Prejevalsky travelled tlirough a 
part of it in 1873. In the Tian Shan the expedition was in the midst of the ibex 
and the Asiatic wapiti country, and some fine specimens of the latter were bagged. 
Thence the expedition crossed into the Hi valley and on to Kulja, a town of 
much political importance. Prom here Lieutenant Etherton struck through the 
Sairam Nor and Ebi Nor country and the mountains beyond to Ghuguchak, a 
town in Western Mongolia, In this stage of the march difficulties were number- 
less, for the region is practically unknown, the people lawless, while the climate 
at this season (November and December) is noted for its severity. It was in 
the country bordering on that vast inland sea, the Ebi Nor, that the traveller 
first saw wild horses. He passed around the Kesil Bach Nor, in Mongolia, another 
inland sea. The expedition encountered strange nomad tribes of Kalmuks, 
Kazaks, Kirghiz, and Mongols, concerning whom many interesting notes were 
gathered. The expedition reached the foot of the Great Altai Mountains on the 
northern side of the Black Irtish valley at the end of December, with the thermo- 
meter at “36® and the whole country ice-bound. The Altai form the principal 
range in this part of Asia, their composition consisting largely of argillaceous 
schists, with granite in the higher parts, and alluvium and diluvium lower 
down. In this extensive chain is found a great variety of the larger fauna, 
including Ovis Ammon, the true Argali of the great Argali sheep of Central 
Asia, as well as the Altai wapiti, red bear of a species peculiar to the Altai, roe 
deer, and other animals. While in the Altai the expedition was caught in a 
blizzard, and practically the entire caravan was frost-bitten, including Lieutenant 
Etherton and his orderly. Thence ensued twelve fearful days of trekking to 
a small military post on the Siberian-Mongolian frontier, where medical assistance 
was available. The expedition arrived here on January 9, 1910, and a month 
later continued the journey for eight hundred miles through Siberia to the Trans^ 
Siberian Railway, mostly by sledge. Lieutenant Etherton’s trophies included 
ibex, the rare Asiatic wapiti stag, roe deer, Ovis Kardini, &c. He reached 
England in March 1910. 
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TUESDAY, SEPTEMBER 6. 

The following Papers were read : — 

1 . A New Globe Map of the World and a New Eqxml-soale Atlas* 

By W. Wilson. , 

The use of the globe as an aid in teaching geography has largely disappeared 
owing to the high cost and cumbrous nature of the globes employed. The author 
overcomes this di^culty by mounting a special globe map on thin cardboard and 
cutting out the gores. The two ends of the map are joined at the equator by a 
clip ; a spindle is introduced, and the tips of the gores are passed down over the 
ends of the spindle by means of holes punched at the ends of each gore where 
the poles would be, a metal clip at each end holding the tips in position and 
serving as a convenient means of handling the globe. The result is an instrument 
which can be used effectively in place of an ordinary globe. It can be made up 
or dismantled in a few seconds, studied as a flat map or as a globe, and packs 
readily, taking up no more space than an ordinary school book. 

Several novelties have been introduced with a view to giving beginners a firm 
mental grasp of the world as a globe. The tropic and polar circles are deferred 
for later consideration. The world from the equator, 0°, to the pole, 90®, is 
divided into three belts of 30® each ; a tropical belt, from 0® to 30® ; a temperate, 
or rather intermediate belt, 30® to 60®; and a polar belt, or rather cap, extending 
from 60® to 90®. These form the primary divisions of latitude, and are indicated 
by heavier lines, preferably printed in colour. The series is easily remembered, 
0®, 30®, 60®, 90®, and works in effectively with the value of a degree of longitude 
at each latitude ; — 

At 0®, 60 geog. miles. 

At 30®, 52 „ 

At 60®, 30 

These are readily remembered, and form a foundation for any further details 
regarding latitudes. The primary belts are subdivided for later teaching, each 
into three belts of 10®, with distinguishing names. 

The longitudes axe divided primarily into eight groups of 45° each, a group 
forming a gore. Each group of 45® is subdivided into three groups of 15® — one 
hour each, three hours to each gore. These have been found in practice the best 
working divisions of longitudes and are easily remembered. A few exercises will 
give the beginner a firm grasp of latitudes and longitudes, distances, and areas. 

By these primary divisions the world is divided into forty-eight sections, each 
45® E. and W. and 30® N. and S. Each section is treated as a straight-sided figure, 
so converting the globe into a polyhedron of forty-eight facets. All sections or 
facets in the north tropical belt are exactly alike. The sections in the south 
tropical belt are of the same figure, only inverted, making sixteen in all. The 
intermediate belt sections are narrower, east to west, than the tropical sections, 
but every section of the two belts is the^ same as every other section. 

The polar belt, or rather cap, is a series of triangles which are more effectively 
dealt with when grouped two or more together, but each section is kept distinct. 
By this arrangement there are only three differing figures in the polyhedron, and 
each is characteristic of its belt. The error or distortion in each section is strictly 
limited, and once effectively demonstrated for any one of the three figures is 
immediately applicable to the remaining fifteen. The sections can be enlarged to 
anjr extent, forming an atlas on a simple equal scale that is readily grasped and is 
suited for many purposes^ besides elementary geography. A set of * window * 
,, diagrams, each one combining a section of one belt on this plan and the same area 
as shown on Morcator, makes an instructive demonstration of the exaggeration 
necessary to Mercator, which is not usually clearly understood. 
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2. The Andover Region : (he Oeographical Aspect of its Present Conditions. 
By 0. 6. S. Crawford. 

Introduction. — ^Reason for choice of title; the two points of view; evolution 
in time and distribution in space ; a proposal to reconcile them. 

1. Physical Features. — [a) Land forms; (6) drainage system; both the result 
of geological structure. 

2. Natural Vegetation. — Gradual replacement by artificial vegetation; survivals 
of the old order; to grasp the significance of any epoch, past or present, the 
precise limits of forest, cultivation, and waste must be known and visualised. 

3. Industries. — Outcome of the geology and vegetation; (a) agriculture, or 
artificial vegetation; (&) livestock; (e) buiMing materials ; (d) road materials. 

4. Settlements. — Their distribution determined by need of sustenance for man 
and beast. 

5. Communications. — Character directly influenced by physical features and 
vegetation. 

Conclusion. — The reaction of man upon his natural surroundings. 


3. A Regional Survey of Edinburgh — Sheet 32. By James Cossar. 

The region represented on Sheet 32 of the one-inch map of the Ordnance 
Survey of Scotland embraces practically the whole of Midlothian, about two- 
thirds of the county of Linlithgow, and about seventeen square miles of Fife.. 
The most important physical feature is the range of the Pentland Hills, which 
rises a few miles to the south-west of Edinburgh, extends across the region for a 
distance of twelve miles into the adjoining county of Lanark, where it is cut off 
from the southern uplands by the valley of the Clyde. Besides exerting an impor- 
tant influence upon the climate, the vegetation, and industrial activities of the 
region, the Pentlands divide the low-lying area into two well-marked districts : to 
the east there extends a gently undulating plain, rising from the coast and only 
reaching an elevation of 500 feet at a distance of eight miles from the sea, 
traversed by the well-wooded and picturesque gorge of the Biver Esk, and 
gradually becoming merged in the lower slopes of the Pentlands and the Moorfoot 
Hills ; to the north and north-west another plain, greater in extent but diversified 
by a number of hills and ridges, generally with an east-to-west direction — 
e.g.^ Mons Hill, Arthur’s Seat, Dalmahoy Hill. These hills and ridges are of 
volcanic origin, and their appearance at the surface is the result of the prolonged 
period of denudation that followed the Carboniferous Age, and especially during 
the glacial epoch, and Have profoundly aflected the historical and commercial 
relations of the region — e.g., the building of the Forth Bridge. The passing of 
the ice-sheet across the region has exerted a profound influence not only upon 
the configuration, but also upon its economic development. As a result of the 
action of the ice great numbers of boulders were transported to the region, some- 
times from a considerable distance; a remarkable example is in the Comiston 
sandpit near Edinburgh. Deposits of glacial sand and gravel are widespread 
and. have frequently served to furnish a water-supply, as well as for building 
purposes. The deposits of boulder clay, sometimes attaining a depth of 100 feet, 
have exerted an important influence upon the fertility of the region, and have 
also given rise to the manufacture of bricks, tiles, and pottery — e.g., at Porto- 
bello and at Bo’ness, The eflect of the ice-sheet upon the topography is well 
seen in the crag and tail whereon the city of Edinburgh first took its rise and in 
the series of parallel ridges along which the new town has extended. The effect 
of the ice is also to be traced along the channel of the Forth. 

The drainage system of the region throws considerable light upon its physical 
history and offers further evidence of the influence of the ice-sheet throughout 
the area. In several cases — e.g.^ the Water of Leith and the Braid Burn — ^the 
present streams have reinstated themselves in their pre-glacial courses by cutting 
a channel down through the boulder clay, which Med them as a result of the 
passing of the ice-sheet. A remarkable series of dry valleys extends from near 
the valley of the North Esk at Rosslynlee through Carrington parish. The 
largest of these is about three miles in length, and runs parallel to the 600-foot 



602 


!tRANSAOTIOKS OF SECT^ION E. 


contour. With the exception of a small irrigation ditch and tiny brook, which 
carries off the rain-wash from the slopes of the valley towards its eastern end, the 
valley is dry. The Dalhousie Burn cuts this valley at right-angles, but its 
course is unaffected by the dry channel. The floor of the valley consists ^ of 
glacial deposits of sand and gravel, and all the evidence leads to the conclusion 
that, like the valleys at St. Helen’s Church, Deuchrie Bod, and the Chesters 
Quarry ravine in East Lothian, these dry valleys were formed'^during the retreat 
of the ice-sheet from the region and before the natural drainage system was 
re-established. Towards the south-east corner of the region another well- 
developed dry valley has been produced by different causes— namely, through 
the action of the Gore Water in capturing the coipbined streams of North and 
South Middleton Burn, which formerly flowed into the Tyne, but which now 
empty their waters into the South Esk and have left their former channel, 
extending for almost a mile to the north-east of Borthwick as a dry valley. The 
influence of the ice-sheet is well marked in the Pentland passes, especially in 
the valley of Glencorse Burn, with its hanging valley at Loganlee and its well- 
developed corrie. The rivers of the region present many other interesting 
problems — e.g., the direction followed by &velaw Burn. The remarkable bend 
in the course of Gogar Burn, which becomes a tributary of the Almond instead of 
following the more natural direction towards the Water of Leith, and the bend 
in the North Esk below Hawthornden. 

The climate of the region bears a close relation to its topography. The 
prevalent west and south-west winds give rise to a mean annual rainfall of over 
fifty inches in the highest slopes of the Pentlands; the area over 1,000 feet has a 
rainfall of over forty inches; the isohyet of thirty inches roughly coincides 
with the 250-foot contour, and in the vicinity of Edinburgh we find one of the 
driest areas in the country. The city of Edinburgh ’ has an annual range of 
21° F., and throughout the greater part of the lowland area the July temperature 
is two degrees higher than the minimum of 56° required for the ripening of 
wheat and barley. In its yield per acre of these two cereals the region holds 
the premier place in the kingdom, but more remarkable is its superiority in the 
production of hay from clover and grasses under rotation. 

The mineral resources of the region are as great as its fertility. Over 98 per 
cent, of the oil shale produced in the kingdom comes from Linlithgow and 
Midlothian, and sulphate of ammonia, paraflin wax and oil form an important 
part of the export trade of Leith and Grangemouth. The attempt being made 
to work a thin seam of shale on south-east side of Pentlands, if successful, 
will vitally affect a district at present devoid of population. The development of 
the Midlothian coalfield is proceeding, and this basin, along with those in Fife 
and Clackmannan, must become still more important as the western coalfields 
become exhausted. The region is rich in building stone. Moreover, the abundant 
supply of lime has favoured the building industry, besides meeting the demands 
of the farmer for a fertilising agent and of the ironfounder for a flux. 

While the geographical advantages of the site favoured the rise and develop- 
ment of Edinburgh, other factors have also played an important part. The 
selection of Edinburgh as the seat of the law courts and of the university led 
to a demand for printing, and since 1507 printing has been one of the most 
important local industries. This gave rise to a demand for paper, and many 
mills are found along the banks of the Esk and the Water of Leith. The proper- 
ties of the water drawn from the calciferous sandstone in Edinburgh and its 
neighbourhood have favoui’ed the rise of the brewing industry. A large number 
of bleaching fields have been established on the banks of the Water of Leith. 


4/ The Underground Waters of the Oastleton District of Derbyshire, 

By Habold Beodeiok, M.A. 

To the west of Castleton and 600 feet above it is a long valley, in the base 
of which runs one of the transverse Pennine faults. This fault brings down the 
,,c§rbpmfe|fous limestone, so that the streams to the north run over the Yoredale 
|i»ks to ^k into tli^ limestone.. There are several streams, but only one ends 
in a cave of any size, the Giant’s Hole. This has been explored for a distance 
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of 410 feet, where the water sinks in a deep pool. These waters run through an 
unknown course near which is Elden Hole, a vertical shaft 200 feet deep, with a 
further drop of about 50 feet below. This is now dry. The water is next met with 
at the upper end of the Speedwell Cave, where it wells up from a deep pool. The 
stream flows through the Speedwell Cave for 800 feet into* the disused workings 
of the Speedwell Mine, being joined on its way by another passage 500 feet long, 
at the upper end*of which is a fine chamber. The combined streams flow through 
the old workings for 1,000 feet, and finally fall into the so-called * bottomless pit,’ 
which is actually 90 feet deep, the bottom being filled with water 22 feet deep. 
The upper extension of the pit has not been explored within historic times, although 
the miners evidently climbed it. From the Bottomless Pit to the entrance of 
the Speedwell Mine there is a straight flooded working 750 yards long, through 
which visitors are taken in boats. The next point at which the stream is met 
with is at the upper end of the Peak Cave. It flows in here at two points, which 
passages are found to join at about 100 yards from the portion of the cave 
ordinarily visited. The total length of the Peak Cave ordinarily visited is 
1,528 feet. 


5. Further Exploration of the Mitchelstown Oaves, 1908-10. 

By Dr. Charles A. Hill, M.A,, M,B., D*Pk 

An account of these two caves, as far as was then known, was read by the 
author at the Dublin Meeting, 1908. Since that date two visits have been paid to 
the spot, and an exhaustive exploration and survey of both caves completed. 
Some of these results have already been published in the ‘ Proceedings ’ of the 
Royal Irish Academy (1909). The present paper detailed the results of the latest 
exploration in March 1910, and was illustrated with numerous lantern slides of 
stalactite formations within the caves, together writh maps and plans. The total 
length of the passages surveyed in the two caves measures about a mile and 
a half. 
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Section T.— ECONOMIC SCIENCE AND STATISTICS. 

President op the Section. — Sir H. Llewellyn Smith, K.C.B., M.A., 

B.Sc., E.S.S. 


THURSDAY, SEPTEMBER 1. 

Tke President delivered the following Address : — 

What should be the scope, form, and contents of a presidential address to the 
Economic Section of the British Association? 

If we attempt to solve this question by the historical method we obtain 
indecisive results, for a hasty glance at the addresses of my predecessors in 
recent years shows a very wide range of variation, from the detailed examination 
of some particular point of economic theory or practice to a general survey of the 
past, present, or future of Economic Science, ot a funeral oration over the grave 
of some obsolete school of thought. Nor does the comparative method — ^the 
examination of the prevalent customs in other sections of the British Association 
— give any clearer guidance. 

If we fall back upon the a ‘priori or deductive method it may not be difficult 
to construct some theoretical ideal of what a presidential address should be. 
Thus it might be suggested that the opening address should be to the general 
proceedings of the section what an overture is to an opera/ — introductory, sugges- 
tive, occasionally reminiscent of previous works of the series, touching skilfully 
on the principal * motives ’ of current discussions without resting too long or too 
heavily on any. It should doubtless include a systematic and impartial review of 
the whole range of contemporary economic activity both on the scientific and on the 
practical sides, with just enough accompaniment of judicious applause or censure, 
encouragement or warning, to maintain the interest and to a&ord the necessary 
light and shade, while avoiding the dangers of polemical controversy which would 
provoke a desire for retort and refutation. 

Unfortunately, d priori reasoning notoriously depends upon hypotheses, which 
rarely correspond accurately with realities, and which in the present case are 
veritable feet of clay. In particular our theory presupposes that the Council of 
the British Association have appointed a President who has the necessary leisure 
of mind to keep himself fully abreast of economic thought and research through- 
out the world, and who can devote to the pursuit of economic science that un- 
remitting and undistracted attention which the economic man is popularly sup- 
posed to devote to the pursuit of wealth. Lastly, he is also assumed to be in a 
position of untrammelled freedom to tell anything he happens to know. Instead 
of this the Council have selected a hard-worked official with little leisure for the 
pursuit of any subject outside the range of his official duties, while as regards 
subjects within that range (including almost every branch of applied economics) 
the very nature of these duties imposes the most stringent reserves on his power 
of free discussion. 

Nor does this disability arise from any formal rule or prohibition or considera- 
tions of official etiquette. It is the inevitable result of the working of natural 
: jtows wkich connect causes with their consequences direct and indirect, immediate 
remotie. Were I to-day to discourse to you freely and without reserve on 
questicmS ol fiscsd policy and commercial treaties, industrial combinations, railway 
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agreements, and shipping rings, patents and copyright, merchandise marks, 
labour organisation, bankruptcy legislation, and municipal trading, I think that 
I could probably afford you an hour’s entertainment which might be both 
interesting and instructive, but I should look forward with some misgiving to the 
reactions of my indiscretions on the future working of the machine of which 
I am an attendant. 

This, then, beifig the plight in which T find myself, my only course is to do 
the best I can under rather unpiopitious conditions, to put before you without 
much order or system such thoughts and ideas as occur to me with regard to 
recent and present economic tendencies, and, if I must be indiscreet, to confine 
my indiscretions within reasonable limits. 

But at the outset I must pause to say a word or two as to our losses during 
the past year. Death has been unusually busy of late in the ranks of economists, 
and hardly any important country has escaped its ravages. I can only mention 
a few of the more important losses. 

To take our own country first, we are mourning the loss of the recognised 
doyen of economic statistics. Sir Robert Giffen was unequalled in his broad 
grasp, fine sense of proportion, and clear insight in handling masses of common 
statistics, and in extracting from them their real significance. But he was 
more than a statistician; his mind was extraordinarily fresh and original, and 
there were few subjects within the range of practical economics which he touched 
without illuminating. Of Sir Robert Giffen as an official I speak from personal 
knowledge, for he was my first chief in the Civil Service, and I shall always 
remember the ungrudging help and the generous support and appreciation which 
he bestowed on his staff and colleagues. 

Looking across the sea we share the regrets of our American colleagues for 
the loss of Simon Newcomb, a great astronomer who had also made a name among 
economists for the freshness, vigour, and originality of his frequent incursions 
into the domain of our science; and also of Professor Sumner, of Yale, who 
stood very high indeed among economic teachers. 

In L4on Walras, Prance has lost a distinguished economist whose most im- 
portant work belongs to a past generation, but whose death severs one more of 
the few remaining links with the period of the first revolt against the doctrinaire 
successors of the classical economists. Walras was one of the early rebels, and 
he shares with Menger and Jevons the honour of being a pioneer of the applica- 
tion of mathematical methods to economic theory. 

Another and yet more recent loss sustained by France has been the death 
of Emile Cheysson, distinguished both as administrator and statistician. Hi? 
work was of particular importance in those fields of social enterprise in which 
the mathematical methods of the actuary are needed to place philanthropic effort 
on a sound basis, and he also devoted much personal energy to the promotion of 
schemes for social improvement. 

The untimely and almost tragic death of Ernst von Halle occurred on June 29, 
1909, and therefore falls just outside the period of the last twelve months. But I 
cannot pass over in silence the loss which Germany has sustained by the death of 
this brilliant young economist and public servant. Von Halle was probably best 
known in this country by his study of Trusts, published at a time when industrial 
combinations were only beginning to attract the attention which has since been 
so abundantly bestowed on them. But perhaps his most characteristic work was 
done in connection with the maritime development of Ger,many, and one of his 
latest economic writings was the essay which appeared in the ‘ Economic Journal ’ 
eighteen months before his death, in which he endeavoured to combat misappre- 
hensions as to the historic basis, the objects, scope, and necessary limitations of a 
movement which is of such profound interest to the world at the present time. 

One of the most notable losses of the year has been that of Nicholaas Gerard 
Pierson, the economist statesman of Holland, who was not only unquestionably 
the most distinguished of contemporary Dutch economists, but who for four years 
(1897-1901) occupied the post of Prime Minister of his country. 

Austria mourns the loss, at the age of sixty-one, of Dr. Franz Ritter von 
Juraschek, head of the Austrian Central Statistipal Commission ^ whose eminent 
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services to statistics were especially fruitful in the domain of international com- 
parisons. 

Two other veteran economists have passed away — ^namely, Dr. Julius Kautz, 
the Hungarian economist, at the age of eighty ; and Professor Aschehoug, of 
Christiania, at the age of eighty-seven. Kautz is a link with the time of Roscher 
and the early German historical school. Aschehoug had occupied a professorial 
position in the university for fifty-six years. • 

Turning from the review of our losses to the progress of economic science and 
statistics during the past year we find perhaps little that is sensational to record, 
but much evidence of quiet, steady, and solid progress along various lines of 
research. I am now, of course, speaking of the output of new and original 
economic work, not of the popular discussion of practical economic problems, 
which has been perhaps more active and persistent, not to say blatant, during 
the last twelve months than in any corresponding period of recent times. For 
reasons which I shall indicate presently, I am by no means inclined to take a 
purely cynical view of the value of these popular discussions even when carried 
on amid the heat of party politics. Good as well as evil, and often in greater 
measure than evil, may, and I am convinced does, result in the long run to 
economic science from popular discussions of economic questions, however super- 
ficial they may be, and however distorted by bias and passion. But it is not of 
this sort of thing that I am now speaking, but of modern economic work and 
thought properly so-called. 

A^ong the most welcome tendencies of recent economic thought and writing 
has, I think, been a marked falling-off in the sterile and strident controversy 
that has so long been carried on between the advocates of different methods of 
research. We might, I think, be justified in saying that a truce, if not a perma- 
nent peace, has been declared between the champions of the so-called historical 
and abstract or analytic methods, based on the mutual recognition that both 
methods are indispensable, and are, when rightly used, complementary rather 
than antagonistic. The metaphor of the two feet which are necessary for walk- 
ing (or at least for any advance which is other than a series of spasmodic hops) 
seems to have brought comfort to some who, a short time ago, were at death- 
grips. This happy cessation of a controversy which, though once big with great 
issues, has of late years been little but a barren academic wrangle, is pure gain to 
economic progress; for it may be taken as a general rule that long-continued- 
and acrimonious controversies about scientific method are a sure sign of a low 
level of scientific achievement. When men of science and action have important 
work on hand they have no time or use for elaborate polemics and recriminations 
as to the proper tools and apparatus to employ. Not, of course, that the problems 
of method are ever unimportant, but in times of real active advance they occupy a 
secondary place and are naturally and almost unconsciously solved in relation to 
each positive economic question as it arises. It is only at times of low positive 
activity that the question of method assumes an independent position as the 
dominating problem of the day. 

If we were to apply both the historical and analytic methods in combination 
to the elucidation of the controversy between them which is now dying down, 
it would, I think, appear that the supposed opposition between the two schools 
of method, so far from bemg fundamental, arose largely from circumstances 
which were local and temporary, that the antagonism was for a time both 
necessary and fruitful, but that it has long ceased to have either of these 
characters, and has been a real obstruction to advance. No doubt the pursuit of 
the two branches of research will remain to a large extent distinct and in 
separate hands, owing to the natural division of labour according to personal 
tastes and aptitudes; but the historian and the theorist will eacli in future be 
clearly conscious that the work he is doiug is only partial and one-sided, and 
cannot be mad© complete without the assistance of the other. And both will, I 
r b® conscious to an increasing extent of their common dependence on a third 
research, at present onlyin its infancy— namely, the quantitative investiga- 
phenomena mainly through the scientific study of statistics. I do 
investigation has been conceived as forming one or 
which) of the two m'w famons feet op 
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which political economy is said to rest, but it certainly seems to be an indis- 
pensable adjunct to both. At a very early stage of abstract analysis it is usually 
necessary to give due proportion and precision to our ideas by clothing the dry 
bones with the flesh of concrete facts, and across the flow of economic phenomena 
which history investigates we need to take frequent sections and soundings if we 
desire to measure effects as well as to trace causes. I have some doubt if the 
economic^ animal i» a biped after all. I do not want to make him a centipede, 
but I think that at least three feet must be postulated — abstract analysis, his- 
torical (including comparative) investigation, and concrete statistical measure- 
ment. 

The reconciliation of the historical and analytic schools of research does not 
diminish, perhaps it increases, the necessity for perpetual vigilance on the part 
of investigators of both types against their pec^iar besetting sins. The his- 
torical inquirer, full of his doctrine of relativity, must beware of supposing 
that he justifies an institution when he unfolds its origin and shows how it 
grew naturally out of the conditions and circumstances of its day, or that he 
conclusively condemns its continuance when he shows that the conditions and 
circumstances of its origin have passed away. On the other hand, the analytical 
reasoner needs to be continually on the watch to detect in his assumptions which 
appear universally valid the elements which in reality are true only for particular 
times and places. 

The next tendency which I notice in recent economic literature is one which 
can only be welcomed with some qualifications. I refer to the increasingly 
technical character of the phraseology and methods employed. Economic and 
statistical science is in the course of elaborating a highly specialised technical 
terminology of its own, so that no careless reader may be misled by an ambiguous 
word or phrase. Since the fundamental terms of economic science are words 
in common use, such as wealth, capital, wages, rent, prices, and the like, each 
of which is used in everyday conversation in half a dozen different senses, and 
none of which have any claim to scientific precision, it can be readily understood 
that the greatest of the classical economists was not always proof against the 
danger of using his terms in different senses in different portions of his argument, 
while the pamphleteer successors of the early economists scarcely made a serious 
attempt to use terms in a consistent way throughout. 

Hence the great convenience for the purpose of analytical reasoning of having 
a purely scientific terminology, free from ambiguity and incapable of being 
confused with the popular words used in the market-place. 

And yet while welcoming the movement which has given us such terms as 
‘flow,’ ‘national dividend,’ ‘consumers’ surplus,’ ‘quasi-rent,* and the like, I 
venture to sound a mild note of warning. All these special terms and the 
technical reasonings into which they enter should be restricted so far .as possible 
to purely scientific pubHcations, and even in these their meanings should be 
carefully explained and not assumed, I do not say this wholly or mainly in 
the interests of the popular reader, but quite as much, and perhaps more; in the 
interests of science. Political economy cannot from its nature ever be in the 
position, say, of mathematical physics, which, though necessarily a closed book by 
reason of its abstruseness to the vast majority of intelligent persons, nevertheless 
commands their complete confidence.^ No one is afraid to trust himself on a bridge 
because he cannot follow the reasonings which have made the engineers confident 
in its stability. He accepts the results though he cannot follow the pro- 
cess. But I do not think that the ordinary man will readily take up this 
attitude towards a science like economics dealing with matters of everyday life 
which he deems himself fully competent to understand and discuss. If then 
the language of economic science is to him an unknovm language, he is likely to 
pass it by as an affair of a clique having no relation to practical life. This might 
not perhaps matter much p we could get along without the practical man, but we 
cannot, because we need bis criticism at every point. A vast amount of rubbish 
is, of course, said and written annually on economic matters by persons who are 
imperfectly equipped for the task either of discovery, exposition, or criticism; 
but this should not blind us to the fact that a great deal of very valuable economic 
criticism comes,, and still more ought to oome, from men who are not professional 
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economists, and who have no leisure to keep themselves abreast of the newest 
modes of professorial expression. Now It is of the highest importance that we 
should do everything to encourage and nothing to ^ deprive ourselves of this 
criticism, which is essential in order to keep economic thought sane and sound 
and in touch with realities. On all grounds it would be deplorable if through 
the obscurity of its language economic science should relapse into the position of 
an esoteric doctrine confined to a small circle of initiates, only the bare results 
of which are capable of dogmatic statement to the outside world. Not only_ is 
the doctrine unlikely to be accepted on these terms, but, being eaj hypothesi a 
doctrine elaborated in the closet by experts without contact with the fresh 
breezes of everyday business experience, it is quite certain to suffer in balance 
and proportion and reality, and in all that gives it value to the world. 

Of course the vast bulk of public criticisms and suggestions on technical 
projects or scientific theories are shallow, irrelevant, and futile. But even though 
there be 99 per cent, of chaff, the odd 1 per cent, of grain may well be priceless. 
Now I would say very seriously that it is of the highest importance to our 
science not to be cut off by any barrier of unintelligible phraseology from the 
advantage of the co-operation, whether by criticism or suggestion,^ of that great 
body of persons who, while not professional economists, are practical experts in 
one or other of the branches of economic knowledge. 

What I have said with regard to the use of special technical phraseology in 
economic reasonings intended for the eye of the general reader applies of course 
with special force to the use of mathematical symbols and modes of expression. 
I do not think that either by taste or training I am likely to underrate the value 
of mathematical methods in elucidating economic problems. The essentially 
mathematical conception of functions and mutually dependent variables offers 
incomparably the most powerful and appropriate method of expressing the inter- 
relations among such economic phenomena as rent, interest, price, wages, product, 
and capital. Moreover, the apparatus of the infinitesimal calculus affords the 
only satisfactory mode of representing and analysing continuous economic changes. 
Ordinary verbal argument on complicated questions (say) of international values 
or of the ultimate incidence of taxation, can hardly go beyond the analysis of 
certain particular cases of discontinuous changes selected for purposes of 
illustration. 

Nevertheless, I trust that those who recognise with me the value of 
mathematical modes of expression will be extremely careful to restrict mathe- 
matical lan^age to the pages of technical economic journals or the footnotes 
and appendices of more popular treatises, and to re-state all the conclusions 
arrived at by this means, with at least an outline of the arguments which lead 
to them, in ordinary language free from technical symbols. 

The last-mentioned condition is, I think, important, not merely for the reasons 
which I have already given, but for another which applies peculiarly to mathe- 
matical arguments. Before starting our mathematical analysis we are bound, of 
course, to define very precisely the meaning of the quantities which the symbols 
express, and this in itself is very salutary, for it compels us to recognise frankly 
the hypotheses on which our argument will depend. But when the mathematical 
process has once begun we veiy quickly lose sight of the economic contents of the 
symbols. As the school-girl in the examination said : ‘ Algebraical symbols are 
what you use when you don’t know what you are talking ab^out.’ Now from the 
point when we lose sight of the economic significance of our symbols we lose the 
means of applying the check of common-sense to the intermediate stages of our 
analysis, and we do not recover this power of criticism until the final results 
emerge and are interpreted in ordinary language. Between the points at which 
our economic assumptions are translated into mathematical formulae and our 
ultimate results are re-translated into ordinary language, there is nothing to 
enable us to take stock of the position and to warn us of the direction in which we 
may be drifting. 

Another tendency which I see in, economic research is to attach increasing 
importance to quantitative measurement with the aid of the separate though 
auxiliary science of statistics. 

^ is Sr tendency which is , wholly welcome and which is likely to become of 
' uhporknce in the immediate future. Like all salutary movements it 



PRESIDENTIAL ADDRESS. 


669 


15, of course, not free from incidental dangers. It is clearly possible to lean on 
the third foot of our tripod more heavily than it will bear, and it is not only 
possible but probable that the public demand for quantitative information will for 
some time outrun the available means of supply. Certainly the pressure for more 
and better statistics is increasing very rapidly at the present time, and not always 
with due regard to the limitations of what is practicable. In order to form a 
sound and sober judgment of the true possibilities of advance along this line it is 
necessary to recognise frankly the chasm which separates the crude and primitive 
means of measurement, or rather of quantitative estimate, which alone are open 
to the economist, from the relatively perfect apparatus and methods which are 
available to the physicist. 

But the more imperfect our data and the more primitive our means of 
enumeration and measurement, the more perfect and complex needs to be our 
scientific apparatus for criticising the results and enabling positive inferences to 
be drawn therefrom. In other words our dependence on statistical science is pro- 
portionate to the defects of our means of direct and accurate measurement. 

Statistics is often classed with economic science (and, indeed, the two names 
are linked in the title of our Section) as though there were some essential connec- 
tion between the two. But this, of course, is not the case, statistical methods 
being used to a greater or less extent in all the branches of science which occupy 
the other Sections of the British Association. In fact, it is probably in connection 
with biology rather than economics that the most important original research by 
statistical methods has been recently carried out. 

Quantitative measurement is the backbone of science, and whenever the 
quantities handled are in any way indeterminate or inexact, either in regard to 
their definition or enumeration, we need the assistance of scientific rules and 
criteria to enable us to correct, or neglect, or at least to limit the error introduced 
into our results by^ the faulty nature of the data. The mere direct measurement, 
counting, or weighing of quantities is scarcely worthy of being called a statistical 
operation : statistical science properly so-called is mainly concerned with estab- 
lishing the conditions under which approximately true inferences may be drawn 
from im]perf€ct data. On this problem the modern statistician brings to bear 
the powerful engine of the mathematical theory of probability. 

It is no part of my intention to attempt to discuss the methods of modern 
statistical science ; I only wish to emphasise the close coimection between the 
elaboration of these methods and the imperfection of the data to which they are 
applied. 

Now the data of economic statistics are almost all liable to error either through 
defects of definition or extension. Either the only data available are not precisely 
of the nature required for the purpose of the particular investigation, so that we 
have to do the best we can with second or third best materials, or the data 
obtainable only cover a comparatively small portion of the total field, and there 
may be formidable questions as to how far the results based on such limited data 
are really representative. Sometimes we suffer from both these difficulties, and 
statistical inquiries oscillate habitually between the two dangers as between 
Scylla and Charybdis — ^the danger on the one hand that over-insistenge on 
elaborate precision of data may so narrow the field that the. results obtained from 
the sample may be unrepresentative of the whole, and the danger on the other 
hand that the ‘common statistics’ which alone cover the ■whole field are neces- 
sarily obtained not only for one but for many diverse purposes, and are therefore 
unlikely to be entirely appropriate to any particular inquiry. Between these 
characteristic dangers of the intensive and extensive methods respectively we have 
to steer our difficult course as best we may. 

The peculiar dangers of the intensive method are so obvious as net to need 
special emphasis. Everyone is aware that better results are obtained from a wide 
bhan from a narrow range of observations, and indeed I think that the besetting 
error of the public is to attach too much rather than too little importance to this 
defect. It requires a trained observer to understand how few samples if honestly 
chosen at random suffice to give a good approximation to the truth. 

But one special difficulty which attends the extensive method often receives, 
I think, less attention than is its due. 

Statistical investigations which cover very large masses of returns .and are 
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repeated periodically so as to admit of historical comparisons must from the 
Hciturc of till© cas© b© based on wliafc Sir Robert Qiffen used to call coninion 
statistics.’ The term ‘common’ is not used in any derogatory sense, but m its 
strict meaning, viz., statistics not designed or compiled specially for on© particular 
purpose, but destined to serve several purposes in common, ^ The obvious reason 
for this is that human beings are not willing to spend their lives m filling up 
forms of inquiry to suit the needs of every statistical investigator. There being, 
therefore, limits to the amount of statistical data which can be extracted from 
the public, it follows that returns filled up primarily for one purpose have to 
serve several other purposes as well. ^ 

A single example of the multiple use of common statistics will snmeej, viz., 
the statistics of foreign trade. ^ « . • 

Primarily the classification of the foreign trade statistics of every country is 
based on the subdivisions of its Customs tariff, the object being to enable the 
operation of the tariff to be watched. Of course, in the case of the United 
Kingdom, where Customs duties are now confined to a small number of articles, 
the existing tariff classification has but a minor effect on the classification of the 
trade accounts, though even our trade accounts show abundant traces of the 
influence of the tariff subdivisions of bygone days. But in protectionist 
countries the statistics of foreign trade are practically governed by tariff con- 
siderations, and international statisticians are fully aware of the dMculty which 
tariff variations place in the way of the attainment of statistical uniformity among 
the different commercial countries of the world. 

The second purpose the trade accounts have to serve is that of the practical 
trader, who is concerned not at all with the attainment of statistical uniformity, 
but very much with the safeguarding of his own particular trade interests, and 
who therefore wishes for a classification which will furnish him with all the data 
needed for his business, while suppressing all details that will serve the purpose 
of his trade rivals and foreign competitors.' 

When we have reconciled the claims of the Customs authorities and the 
practical trader we have to meet the insistent demands and criticisms of persons 
interested in public affairs who wish to learn from the trade accounts what is the 
true economic state of the nation, in comparison either with its foreign rivals 
or with some previous period of its own history. But it is very soon discovered 
that the requirements of these critics, while not always compatible with those of 
the practical trader or the financial authorities, are not consistent among them- 
selves. So far as they wish to make international comparisons they recommend 
modifications which would assimilate our classification to that of foreign 
countries, but so far as they wish to make historical comparisons they deprecate 
any changes of classification that will impair continuity. 

It is not necessary to labour the point further, though illustrations perhaps 
even of a more striking kind might he afforded by the multiple uses to which the 
results of the general census are put. 

Thus those who collect and compile common statistics have to serve many 
masters — ^sometimes with the usual result. If every statistical enthusiast had his 
way and the declarations required from traders and citizens were adapted to meet 
the precise requirements of each investigator in turn, the schedule to be filled up 
would be something from which the practical business man would recoil in horror. 
Hence, in practice, we are driven to a rough compromise between divergent and 
conflicting aims, relying on the resources of statistical science to enable us to 
apply the needful qualifications to the necessarily imperfect results. 

. So far we have only been dealing with the apparatus and methods of research 
and exposition, and not at all with the objects to which such research should be 
applied, still less with the ultimate ends of economic study and conduct. 

The next tendency we have to note belongs to quite another region of ideas. 

This is the growing emphasis laid on ends as distinguished from means as 
the subject of economic study. 

There used to he some disposition to question whether the' economist was at 
all concerned with ends, whether he had not fully discharged his duty in making 
a correct analysis of the structure of existing economic society and of the forces 
acting upon it; and it was rather the fashion to suggest that when this analysis 
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was completed the economist should depart, and leave the practical statesman 
to collate his report with those of the moralist and the politician, and to draw 
the necessary inferences as to practical policy from their combined study. 

Such a limitation as this would have been quite foreign to the ideas of the 
early, makers of political economy. The mediaeval thinkers were frankly con- 
cerned with economic conduct and morals ; the mercantilists with the very prac- 
tical question of adapting economic policy to the race for national power; the 
physiocrats with the freeing of pre-revolution France from the network of 
vexatious and oppressive State restrictions on industry with a view to giving 
free play to the natural expansion of manufacture and commerce. Malthus 
was engaged in combating social utopias, while Adam Smith was concerned, as 
we have been recently reminded in Professor Nicholson’s striking book, with 
every field of political and moral activity, as well as with that region within 
which economic science is usually supposed to be confined. The author of the 
‘Wealth of Nations’ would certainly have been astonished at the suggestion that 
political economy is not concerned with ends. Yet the first step towards at 
least a temporary divorce between the study of economic ends and means was 
taken when Adam Smith enunciated his famous conclusion that ‘all systems, 
either of preference or of restraint . . . being . . . completely taken away, the 
obvious and simple system of natural liberty establishes itself of its own accord.’ 

I am not concerned to discuss whether this conclusion was an induction from 
experience or a deduction from moral or theological presuppositions, or how far 
it is to be qualified by many other passages in the same great work. But in 
any case the proposition that the natural forces of human desires and aversions, 
and their mutual reactions, will naturally and without conscious intention on 
the part of the individual lead to the greatest advantage of society, became 
the starting-point of a school of propagandists of economic truth who too often 
identified the mdicative with the imperative mood, and blurred the distinction 
between scientific generalisations and moral precepts of conduct. 

To those who adopted this view of the Economic Harmonies in its extreme 
form the question whether political economy is concerned with ends as distinct ’ 
from means became a relatively unimportant question, and fell naturally into 
the background. 

The maximising of production (or, as we should now say, of the national 
dividend) is the only end that these economists could be said to propound, the 
distribution of the resultant wealth being automatically determined by the 
beneficent action of the * system of natural liberty.’ Sooner or later the current 
utilitarian philosophy, with its principle of ‘greatest happiness,* was bound to 
come intb conflict with this ideal, for the policy of maximising satisfaction is 
clearly not identical with that of maximising production. The enunciation of 
‘ maximum satisfaction * as an end necessarily raised — ^though it could not solve — 
the question of distribution of wealth among different social classes. In regard 
to this matter it shook confidence in the shallow dogmatism of the propagandist 
economists, but it substituted no definite alternative commanding general assent, 
and accordingly the immediate practical result on economic thought was not 
to inspire it with a new creed, but to deprive it of all creed, and to replace the 
art of political economy by the conception of an economic science concerned 
solely with the ascertainment of the results which flow from certain hypothetical 
assumptions, and not at all with guiding mankind towards a desirable goal. 

Such a view could hardly hold permanent sway;, though it was a great 
advance on the dogmatic and insolent optimism which it displaced, and nominally 
at least it dominated English economic thought from the middle of the nine- 
teenth century almost to the present day. This domination has, however, been 
more nominal than real. The limitation was from the first subjected to vigorous 
criticism, and at bottom the critics were right, for however carefully we may 
expel the idea of ends from our reasoning, current ideals and even prejudices 
are certain to affect our choice of hypotheses. As a fact, all the latter-day 
economists have by one expedient or another escaped from their own theoretic 
limitation. To take a single example, it has become a recognised axiom of 
’economic reasoning that the diminution of poverty is a proper object of economic 
..effort. Of course, the pure utilitarian would have nothing to do with distinc- 
tions of quality m happiness — distinctions which are fatal to the simplicity of 
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his magic formula — and ■Oio utilitai*»an school of economists attempted no direct 
discrimination in their measurements of utility and value between the qualities 
which render an article an object of desire. The fact that ^ a thing is 
desired proved its right to be called * useful ’ within the meaning of their 
theory, and it must be admitted that no coherent objective theory of value could 
be built up on any other basis. Nevertheless, it is no new discovery that things 
of equal value to the individuals who possess them at a given fnoment may con- 
duce in very different degrees to the ultimate national advantage. The^ old 
distinction between productive and unproductive expenditure, and Adam Smithes 
difficult argument as to the relative advantages of near and distant trade, are 
examples of distinctions of this kind which were present to the minds even of 
the economists who were most dominated by the theory of natural liberty. 

The great and growing importance attached by the best modern economists 
to the element of time, and the consequential recognition of the import^ce of 
ultimate as distinct from immediate effects, tend pro tanto to discriminate 
between different qualities of satisfaction, and to give increased weight to those 
kinds which tend to the building up and husbanding of the permanent economic 
interests of the Commonwealth, as compared with the transitory satisfactions 
which perish in their own gratification — ^in short, between the nobler and 
ignobler forms of utility. 

I think it is a matter which needs the careful consideration of economists at 
the present day, whether the time has not come when they should accept fully 
and frankly the task, from which in any case they cannot entirely escape, of 
distinguishing between noble and ignoble ends of economic conduct, and should 
regard all their methods of research — ^historical, analytical, comparative, and 
statistical — ^as only means to this end. 

On the present occasion I cannot do more than illustrate my meaning by a 
single important example. 

The recognition that the purposes and modes of consumption of commodities 
have to be taken into account, as well as the mere amount of the satisfaction 
yielded by them to their consumers, brings with it the necessity for recognising 
the distribution of income in respect of time, no less than in respect of class, as 
an essential factor in the national well-being. 

Thus, for example, a regular income of 2?. a week may have a very different 
economic, significance from an income amounting in the aggregate to 104Z. in the 
year, but receivable in irregular and unequal instalments. Still more widely does 
it differ economically from the chance of a variable income averaging 104/. 
onoyear with another, ^ 

Now one of the mo?t significant and important economic tendencies of the 
present day is the growing recognition of the importance of security and regu- 
larity in all operations of industry and commerce. It is, of course, a trite 
commonplace that the foundation of commerce is security — that safety of person 
and property and security for the performance of legal obligations are essential 
conditions of all industrial and commercial development. But it is not of 
these elementary guarantees that I am speaking, but of the tendency which T 
see to attach ever greater importance to the certainty and regularity of sequence 
as distinguished from the mere aggregate volume of business transactions. 
This tendency is reflected in the enormous development of the method of insur- 
ance as a protection against risk. 

Nor is this development confined to business transactions properly so-called. 
A number of the risks and contingencies of human life which cause irregu- 
larity and uncertainty in working-class incomes have been brought within the 
sphere of insurance, whether by voluntary institutions, or, as in Germany, by a 
State system of organisation. And the question of the perfection and further 
development of the methods of social insurance is absorbing a large amount of 
the best thought of the day. 

All this points to the growing importance attached by social observers to 
stability and regularity, and the grounds for this attitude are sufficiently obvious, 
whether we look at the matter from the point of view of the economy of the work- 
man's household, or of the deteriorating effects of irregular habits on physique 
-and character. It may perhaps be suggested that the growing social concern for 
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the maintenance of stability is the counterpart of the growing conviction that 
with the world-wide development of industry the causes of fluctuations and 
irregularity are becoming continually more incalculable and their effects more 
unavoidable by unaided individual effort. 

Is this tendency to exalt security as an end a healthy tendency, or ought 
it to fill us with apprehension ? 

The ideal of •security may not at first sight seem^ a very heroic aim to put 
before a country whose economic traditions form a veritable romance of adventure 
full of the joy of risks encountered and dangers overcome. Some may think with 
misgiving that the conscious pursuit of a policy of safety implies that we have 
passed the stage of economic youth and expansion and are entering on the dusk" 
of old age. They may feel as when at Rome we contemplate Aurelian’s great 
wail which for centuries withstood the inroads of barbarians, but the building of 
which none the less marked the definite close of the period of the fearless and 
aggressive supremacy of Rome. Are the nations of Europe being invited to enter 
with the old gods into the fortress of Valhalla, there to await in well-planned 
security but in growing gloom their inevitable decline ? The question is cogent 
and searching, and modern nations must find the true answer at their peril, for if 
the two ideals of free adventure and economic security admit of no reconciliation, 
then the fate of our civilisation is only a matter of time. 

But fortunately it is not necessary to admit the essential opposition of these 
two ideals rightly conceived. For as it seems to me there is a noble as well as an 
ignoble ideal of adventure, and, corresponding thereto, there is a noble as well as 
an ignoble ideal of security, and the great problem that lies before us in the future 
is to distinguish rightly between them and to direct our national policy 
accordingly. 

The first step towards making this distinction i*: to recognise that ignoble as 
well as noble results are produced by exposure to risKS. If fearless resolution and 
foresight in encountering and combating danger and risk produced the race of 
Elizabethan mariners and explorers, and to-day gives us a Shackleton or a 
Sven Hedin, we know also the craven and panic-stricken population which lives 
on the slo^s of a volcano, exposed every day to incalculable risks against which 
no precautions can avail. 

It is, I think, a definite induction from history and observation that when risk 
falls outside certain limits as regards magnitude and calculability, when in short 
it becomes what I may call a gambler’s risk, exposure thereto not only ceases to 
act as a bracing tonic, but produces evil effects of a veiy serious kind. 

It is to the general interest, and it tends to the building up and strengthening 
of the national character, that everyone should have as strong a motive as possible 
to guard against risks which can be avoided by reasonable precautions on the part 
of the individual, and it is also to the general intex-!st that within certain limits 
the individual should have sufficient resisting power and reserve strength to 
encounter without the support of his fellows the ordinary minor ups and downs 
of life which it is not within his power to avoid. What these limits are cannot 
be laid down dogmatically : they vary widely from nation to nation, from class to 
class, and from age to age. Vicissitudes which mean famine to the savage pass 
quite unnoticed in advanced industrial communities, and clas^l^ who are accus- 
tomed to yearly salaries are unconcerned with fluctuations which bring privation 
to the weekly wage earner. But within any given nation and class the limits 
probably change but slowly, and though different schools of social observers will 
certainly fix the limits at somewhat different points, and there^ is no doubt a 
neutral zone within which the relative public advantages and disadvantages of 
exposure to risk are fairly equally balanced, or at least may be open to legitimate 
debate, I am disposed to think that the majority of fair-minded men would not 
differ very widely in the principles governing the demarcation between the spheres 
of individual and of social protection against economic risk. To take, for example, 
the risks of unemployment, I think most people would agree that the personal risk 
of losing employment through bad work, irregular attendance, or drunken* habits 
is one which it is absolutely necessary in the public interest to leave attached in all 
its force to the individual workman. For the community to guarantee employ- 
ment to all irrespective of personal effort or efficiency would necessarily impair 
the national character and lower the national standard. This is, therefore, a risk 
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the direct incidence of which must be^ borne by the individual, the action of the 
community being confined to such indirect measures as may strengthen the power 
of the individual to meet the, risk, as, for example, by technical and general 
training. 

On the other hand, I think that most people would agree that in a country 
like the United Kingdom at the present time, the incalculable risk of a prolonged 
depression of trade, due perhaps to some financial catastrophe tjiousands of miles 
away, is one the exposure to which of the individual workman does little but 
harm. Such a risk is too much beyond his powers of foresight, and also too 
great in magnitude in proportion to his reasonable opportunities of naaking 
provision, to exercise any appreciable effect in stimulating self-help, 
while the liability to see all his savings swept away in a few weeks by 
cyclical fluctuations in employment which he can do nothing to avoid is a 
demoralising risk acting on his character precisely like the liability to earthquake 
or other cataclysm, and discouraging to a marked extent the accumulation of 
savings and the development and maintenance of habits of providence. 

Between these two extremes, the risk due to personal inefficiency and that 
resulting from a worldrwide depression of trade, lie intermediate classes of risks 
about which there might be more difference of opinion, and the incidence of 
which probably acts on national character in very different ways in countries 
at different stages of development. 

I propose presently to examine more closely some of these classes of risks. 
At the moment, however, I am only concerned to illustrate my general proposition 
that neither free adventure nor economic security suffices singly as an ideal of 
economic conduct without careful discrimination, and that the criterion for such 
discrimination is the effect of exposure to each class of risk in building up or 
degrading the national character. 

In suggesting that the attention of economists is being directed and will con- 
tinue to be directed in an increasing degree to the ends of economic conduct as 
distinct from a mere analysis and description of existing conditions, I have taken 
a single example, the pursuit of economic security as an objective, and have 
drawn a vital distinction between the classes of economic risks exposure to which 
tends to the building up or to the degradation of the national character. And as 
regards these risks I have taken a single illustration, that of unemployment, partly 
because the evils resulting therefrom have been very much in bur thoughts during 
the last few years, partly because their analysis affords good illustrations of 
almost every cla^ of economic risk. 

I might go on to take other examples, but I think that it may perhaps serve a 
more useful purpose if during the time that remains to me I follow up in further 
detail the particular illustration whicb I have chosen, and inquire specifically how 
far the risks of unemployment are risks which it is expedient in the publi<5 
interest that each individual should be left to meet unaided, or how far they are 
from the social point of view ‘insurable risks’ which can properly be met by 
combined action. 

We shall find that the reply to the proposition is by no means a simple one, that 
it will differ to a large extent for different trades, and that probably it will also 
differ widely for different countries. 

At the outset it is to be noted that I use the term * insurable risk ’ for the 
purpose^ of this inquiry in a much narrower sense than that which it bears in 
the ordinary language of the insurance world. Broadly speaking, if the term be 
used in its widest sense there are no risks that are not insurable except those which 
are the result of the direct wilful act of the insured person. Thus you can insure 
against fire but not arson, against death but not suicide. And even with regard to 
acts which are voluntary the modern tendency is to take a very broad view, and 
to narrow the classes of cases excluded. Thus most life assurance companies will 
pay on death, even if due to suicide, provided that the policy was taken out 
sufficiently^ long before the death to make it fairly certain that suicide was not in 
contemplation at the time. 

As I am now using the term ‘insurable,* however, I mean not merely a risk 
in respect of which you could get some company or underwriter to quote you a 
premium, but a risk for which some sort of social insurance is a practicable and 
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appropriate remeay — bearing in mind the critical distinction already drawn 
between different classes of risks. 

Moreover, by ‘ insurable risk * I do not mean risk which can be lully 
covered by insurance, but one the consequences of which may be mitigated by a 
payment which nevertheless fafls far short of complete indemnity. It hardly 
needs demonstration that full indemnity against the risks of unemployment 
could not be offqyed without disastrous results, inasmuch as a large section of 
persons regard idleness as in itself more attractive than work. The universal 
practice of organisations, voluntary or public, which insure against sickness, 
accident, or unemployment, is to make the benefit payable much less than the full 
rate of wages, and in all that follows this condition is assumed. 

For the purpose of the present inquiry the causes of unemployment group 
themselves naturally under three heads — ^periodic fluctuations, local and industrial 
displacements, and personal causes. 

Of these I have already touched on the first group in discussing cyclical and 
seasonal fluctuations of employment. Seasonal changes are, of course, the direct 
result of cosmical causes, and whether or not cyclical fluctuations are ultimately 
psychological or (as Jevons thought) cosmical phenomena, there can be no doubt 
that for our present purpose we may regard them as ultimate facts beyond 
the control of the individual. These two elements in unemployment are pre- 
eminently insurable elements, since, being due to recurrent oscillations and not to 
progressive changes, they can only be met by some method, either individual or 
collective, of spreading the earnings of good periods over good and bad alike, 
and not by any remedy which aims at altering the permanent relation between the 
demand for labour and the supply. Moreover, of the two alternative methods, 
collective insurance is more appropriate for the purpose than individual providence, 
because while the oscillations are fairly well defined, their intensity and (in the 
case of cyclical fluctuations) their wave length are affected by many uncertain 
elements, climatic, financial, industrial, and political, which are incapable of 
exact prediction, and (what is even more important) the personal incidence of 
the unemployment due to the oscillations is uncertain. 

The next group of causes includes changes in industrial processes or methods 
or in the local distribution of industries, or in the character of industrial demand. 
How far are these classes of risks properly insurable? 

As regards local distribution, the answer mainly depends on the scope of 
the insurance scheme. No purely local fund can, of course, compensate a 
workman for the shifting of his industry to other districts, without incurring 
ruinous expense besides impairing the mobility of labour. If, however, the 
insurance scheme be national in scope and be worked in conjunction with 
systematic machinery for notifying to the workman the existence of vacancies 
in other districts, the risk of unemployment due to local displacement is clearly 
an ‘ insurable ’ risk. As no national scheme could embrace a wider area than the 
United Kingdom, the above argument does not apply with its full force to the 
risk of displacement of industry by foreign competition, and this case needs 
separate treatment. It is undoubtedly a risk beyond the individuars control, 
and it has, therefore, one of the essential marks of an insurable risk ; and if the 
scheme embrace a large group of trades of sufficient variety to insure each other 
against the risk of some particular branch being attacked by foreign competition, 
there is no reason why this class of risk should throw an excessive burden on a 
national fund. The only question to be considered is, therefore, whether the in- 
surance of British workmen in an industry liable to be transferred by competition 
to a foreign country will operate prejudicially by checking industrial mobility, 
there being obviously not the same opportunity for the workman to follow the 
work as in the case of local redistribution of industry within the limits of the 
insuring country. 

In this respect the case we are now considering is on all fours with that of a 
trade decaying through a permanent change of industrial demand, or an alteration 
of industrial processes. If there is appreciable mobility of labour between the 
decaying trade and other healthy branches embraced within the scope of the 
insurance scheme,^and if its magnitude is small as compared with the total area 
of industry covered by the scheme, then the risk is fairly insurable. If, however, 
these conditions are not fulfilled, the case of the permanently decaying trade may 
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present a real though by no means insuperable difficulty which will have to be 
carefully borne in mind by those responsible for devising and working any 
unemployment insurance scheme. 

The conclusion seems to be that the extent to which the risk of unemployment 
due to industrial and local displacement is properly insurable depends partly on a 
wise choice being made of the group of trades and of the geographical area to be 
embraced by the scheme, partly on the judicious limitation of the benefits 
payable thereunder. Our analysis points to the necessity of a large area, 
both geographical and industrial, and further suggests that the groups of trades 
included should be such as are unlikely as a whole to undergo wholesale and rapid 
displacement, and within which any decay to be apprehended is likely to be only 
local and partial and not on a scale too great to be compensated by the expansion 
of other branches of trade within the insured group. 

There remain the risks due to personal causes. Of these we have already 
ruled out the risks due to the wilful act of the workman, and to these^ we 
must now add the personal risk attributable to exceptional deficiencies, physical, 
mental, or moral. These are not properly trade risks, the burden of which ought 
to fall in a special degree on those following a particular industry, and if they 
were allowed to do so they would ruin any scheme of insurance based on the^ trade 
group. There is still, however, one important class of personal risk to which all 
are liable, and which is in the main beyond the control of the individual, viz., the 
increasing liability to unemployment due to advancing years. I do not intend to 
trench on the important but quite separate problems of national provision for old 
age and invalidity as such. I am solely referring to the ascertained statistical 
fact that the chance of unemployment is a function of age, and that beyond a 
certain age the risk is materially increased. For example, among a body of nearly 
eight thousand engineers whose industrial records were analysed for the purpose, 1 
found that whereas the average number of working days lost in the year by the 
whole body was fifteen, that for members below the age of forty-five was less 
than twelve, while for members between the ages of forty-five and fifty-five 
it was twenty, and for members between fifty-five and sixty-five, thirty-three. 
(Above sixty-five the figures are affected by superannuation.) The question 
we have to ask is, how far this class of risk is insurable ? 

The answer depends again on the scope of the scheme. A voluntary scheme 
which workmen are free to join and leave at their pleasure cannot deal satis- 
factorily with a risk of this kind, especially as no scheme of graduating con- 
tributions according to age is likely to be administratively feasible. Trade-unions 
which give unemployment benefit are in an exceptional position, because they exist 
primarily for trade protection purposes, and hence have a hold on their members 
which no voluntary insurance scheme pure and simple could possess. Generally 
speaking, personal unemployment due to advancing years is insurable, and only 
insurable, under a scheme which applies compulsorily throughout the whole period 
of the workman’s industrial life. 

It results from our analysis that some of the risks of unemployment are 
properly insurable and others are not, and the next step is to ascertain broadly 
the relative importance of the insurable and non-insurable elements. Now an 
examination of the available statistics indicates clearly that at all events as 
regards certain large groups of trades in which unemployment is acute — 
namely, the building, engineering, and shipbuilding trades— the insurable 
element in the risk of unemployment predominates largely over the non- 
insurable element. 

The method of statistical proof of this proposition may be indicated as 
follows : — 

1. The percentage of unemployment in these trades — taking an average of 
good and bad years together — has not varied very widely during the period of 
fifty years auring which the statistics have been collected (the average for the 
first decade of 'the period was 5*6,* for the second, 4'5; for the third, 6*8; for 
the fourth, 5'2; and for the fifth, 7*2. The average for the whole period was 
5*^), As the period of oscillation is not exactly ten years, part even of the 
differences shown above is accounted for by the presence of an excessive propor- 
tion of good or bad years in particular decades. Thus we may fairly say that 
the element of unemployment due to progressive expansion or contraction of the 
demand for labour has been relatively small. 
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2. The percentage of unemployment found during the seven best years of the 
cycles has averaged 2'‘4, and only in two out of these seven years has it diverged 
by more than unity from this average. 

3. The variation between the worst and the best- years of the various cycles 
has averaged 8*6 per cent. — i.e., more than three times the average percentage of 
unemployment ir^ good years. 

Now, broadly speaking, if we neglect any progressive changes in the^ total 
demand for labour, which are evidently slight as compared with the intensity of 
the periodic fluctuations in that demand, we may say that the percentage who 
are unemployed in yeai's of good employment gives a maximum limit which the 
voluntary or non-insurable risk cannot exceed, since it also includes a number of 
minor accidental risks which are properly insurable— e.g'., the risk of unemploy- 
ment through a fire or other accidental stoppage of work, or through defects in the 
local distribution of work and labour. Moreover, through the method of averag- 
ing employment over the year, and risk of seasonal want of employment is 
included, and this is mainly an insurable risk. 

We may further regard the difference between unemployment in a good and 
bad year as giving a minimum measure of the insurable element in unemploy- 
ment, since this difference is wholly the result of changes in the demand for 
labour, and is independent alike of the choice of the individual and of the 
gradual progressive changes, if any, that affect the total field of employment. 
Hence, as this difference is much greater than the minimum percentage in a good 
year, we may regard our proposition as being proved. 

But at this point it is necessary to forestall and reply to an objection that will 
certainly be taken to the proposition just laid down. It will be pointed out 
that the experience of all relief works and of all schemes for the relief of distress 
due to unemployment establishes clearly that the great majority of the unem- 
ployed, or at least those who seek relief from distress, are very markedly 
inferior both as regards their industrial capacity and their physical and moral 
qualifications to the average employed workmen in the same trades. It is 
possible in a large number— probably in the majority— of these cases to trace 
clearly the operation of the personal defects which have contributed to 
unemployment — ^bad time-keeping, drink, slovenly work, and so forth — ^and 
those who are most familiar with the personal side of the problem are, I think, 
likely to put the personal or non-insurable element in the risk of unemployment 
very much higher than I have done in relation to the involuntary insurable 
element. 

But in this criticism there is, I think, confusion of thought. Of course, if 
fifty men out of every thousand are out of work, those fifty individuals are likely 
to be less eligible than any other fifty taken at random. We might, if so 
disposed, construct a geoipetrical curve like those used in expounding the doc- 
trines of utility and rent, in which the number of workmen employed is ex- 
pressed by abscissse and the degrees of efficiency by ordinates. Then it will 
appear at a glance that in a time of good trade the efficiency of the ^marginal* 
labourer — ^that is, of the worst man who just manages to retain his employment — 
is necessarily less than when the total demand for labour has shrunk from any 
cause. In the latter case the workmen discharged will for the most part be the 
less eligible section; and this state of things is quite independent of the true 
cause of the shrinkage in the demand for labour, so that while the personal 
defects of A may be the decisive reason why he is selected for unemployment 
instead of B, it does not follow that these defects are a principal or even a 
contributory cause of his unemployment. 

It is a very complex and difficult question, only to be determined in any given 
case with full regard to all the circumstances, to what degree the increase or 
decrease of the personal efficiency of the labourer conduces to an increase or 
decrease in the total demand for labour, or to what degree it merely enables him to 
shift the burden of unemployment on to someone else. Broadly speaking, there is 
no doubt that the total demand for labour is to a material extent dependent on its 
average efficiency. For example, a quite new demand for labour would be created 
if it were possible to level up all the feeble-minded and the physically and morally 
defective members of the community to the normal level. The abnormal defects of 
these persons (the true unemployables) Itre the vera causa of their unemployment, 
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which does not in the main result from any deficiency in industrial demand, 
but from the fact that their services are so worthless relatively to that of the 
normal workman, that to all intents and purposes they may bo regarded as an 
industrially useless surplus. Their unemployment is, therefore, emphatically not 
an ‘insurable risk,’ and they would need to be excluded from the scope of any 
scheme of insurance as rigorously as exceptionally bad lives are excluded from 
life and sickness insurance. ^ r 

But if we put aside the comparatively small section of abnormals, there 
is ground for asserting that at all events within the great groups of trades to 
which I have already referred the influence of variations in efiiciency among 
ordinary normal workmen on the total demand for labour at any given time, 
though by, no means negligible, is not nearly so powerful as that of variations in 
industrial conditions which are beyond the control of the individual workman. 

If, then, the insurable elements in unemployment in these trades^ largely 
predominate over the uninsurable elements, it would be comparatively simple to 
devise an appropriate scheme for dealing with the evil, if every separate case 
of unemployment could be readily assigned to its appropriate category, so that 
the benefits of the scheme should be exclusively available in the case of im- 
employment falling within the insurable category, just as a policy of malrine 
insurance excludes in terms losses due to a number of specified causes. But in 
actual practice I need hardly say that any such separation of causes can only be 
made to a very limited extent. In the real world of industry the various 
elements that contribute to unemployment are inextricably intermixed. ^ We can 
imagine the case of a carpenter who with equal truth might ascribe his unem- 
ployment to the competition of structural steel, to the general trade depression, 
to the severity of the winter, to local overbuilding, or to the defects in his own 
training. 

There are a few, but only a few, of the causes of unemployment which can 
be definitely distinguished and excluded in terms from the benefit of an insurance 
scheme, such, for example, as holidays, strikes and lock-outs, voluntary leaving 
of a situation, sickness, and crime. If, then, it is necessary, as it certainly is 
for the success of a scheme, that it should discriminate against unemployment 
due either to exceptional defects or to causes within the control of the individual, 
this discrimination must be effected automatically in the course of the working 
of the scheme itself rather than by any rule professing to exclude ineligible cases 
from its scope. 

The crucial question from a practical point of view is, therefore, whether it 
is possible to devise a scheme of insurance which, while nominally covering un- 
"employment due to all causes other than those wluch can be definitely excluded, 
sh£^ automatically discriminate as between the classes of unemployment for 
which insurance is or is not an appropriate remedy. 

We can advance a step towards answering this cru<jial question by enumerating 
some of the essential characteristics of any unemployment insurance scheme 
which seem to follow directly or by necessary implication from* the conditions of 
the problem as here laid down. 

1. The scheme must be compulsory; otherwise the bad personal risks against 
which we must always be on our guard would be certain to predominate. 

2. The scheme must be contributory, for only by exacting rigorously as a 
necessary qualification for benefit that a sufficient number of weeks’ contribution 
shall have been paid by each recipient can we possibly hope to put limits on the 
exceptionally bad risks. 

3. With the same object in view there must be a maximum limit to the 
amount of benefit which can be drawn, both absolutely and in relation to the 
amount of contribution paid ; or, in other words, we must in some way or other 
secure that the number of weeks for wMch a workman contributes should bear 
some relation to his claim upon the fund. Armed with this double weapon of 
a maximum limit to benefit and of a minimum contribution, the operation of the 
scheme itself will automatically exclude the loafer. 

4. The scheme must avoid encouraging unemployment, and for this purpose 
it is essential that the rate of unemployment benefit payable shall be relatively 
low. It would be fatal to any scheme to offer compensation for unemployment 
at a rate approximating to that of ordinary wages. 
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6. For the same reason it is essential to enlist the interest of all those 
engaged in the insured trades, whether as employers or as workmen, in reducing 
unemployment, by associating them with the scheme both as regards contribution 
and management. 

6. As it appears on examination that some trades are more suitable to be 
dealt with by insurance than others, either because the unemployment in these 
trades contains a Jarge insurable element, or because it takes the form of total 
discharge rather than short time, or for other reasons, it follows that, for the 
scheme to have the best chance of success, it should be based upon the trade 
group, and should at the outset be partial in operation. 

7. The group of trades to which the scheme is to be applied must, however, 
be a large one, and must extend throughout the United Kingdom, as it is 
essential that industrial mobility as between occupations and districts should 
not be unduly checked. 

8. A State subvention and guarantee will be necessary, in addition to contri' 
butions from the trades affected, in order to give the necessary stability and 
security, and also in order to justify the amount of State control that will be 
necessary. 

9. The scheme must aim at encouraging the regular employer and workman, 
and discriminating against casual engagements. Otherwise it will be subject to 
the criticism of placing an undue burden on the regular for the benefit of the 
irregular members of the trade. 

10. The scheme must not act as a discouragement to voluntary provision for 
unemployment, and for that purpose some well-devised plan of co-operation is 
essential between the State organisation and the voluntary associations which at 
present provide unemployment benefit for their members. 

Our analysis, therefore, leads us step by step to the contemplation of a 
national contributory scheme of insurance universal in its operation within the 
limits of a large group of trades — a group so far as possible self-contained and 
carefully selected as favourable for the experiment^ the funds being derived 
from compulsory contributions from all those engaged in these trades, with a 
subsidy and guarantee from the State, and the rules relating to benefit being so 
devised as to discriminate effectively against unemployment which is mainly due 
to personal defects, while giving a substantial allowance to those whose unem- 
ployment results from industrial causes beyond the control of the individual. 

Is such a scheme practicable ? 

This is a question partly actuarial, partly administrative, and partly ^litical, 
and it is, of course, quite impossible to discuss it adequately on an occasion such 
as this. 

I may, however, say that -so far as can be judged from such data as exist {and 
those data are admittedly imperfect and rest on a somewhat naiTow basis), a 
scheme framed on the lines I have indicated is actuarially possible, at least for 
such a group of trades as building, engineering, and shipbuilding — ^that is to say, 
a reasonable scale of contributions will yield benefits substantial in amount and 
of sufficient duration to cover the bulk of the unemployment ordinarily met with 
in these trades. 

The administrative difficulties of such a scheme are, of course, great, 
but none of these difficulties is, I think, insuperable if there be a general desire 
that the experiment should be made. Certainly the experience of the few foreign 
schemes which Have broken down creates no presumption against success, for the 
failures have been quite clearly attributable to causes which would not operate 
in the case of a national scheme such as is now under discussion, especially if 
it were worked, as it naturally would be, in close connection with the new Labour 
Exchanges. 

Perhaps the most difficult administrative problem would be the adjustment 
of the scheme, so that while its benefits are not confined to workmen for whom 
provision is made by voluntary associations, it would yet operate so as to 
encourage the work of these associations, and not to undermine and destroy them, 
either by competition or detailed control. The problem, however, though difficult, 
is one for which a solution can assuredly be found if it be the general desire that 
a scheme shall be brought into operation. 
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The remaining question is one of high policy. What importance do we as a 
nation attach to the policy of promoting industrial security by collective action ? 
And what sacrifices are those interested prepared to make for such an object, and, 
in particular, to minimise the irregularity of working-class incomes so far as 
affected by irregular demand for labour ? The final answer will depend not only 
on the general view taken of the relations of the individual and the State, and 
of the scope and limits of political action, but also on the relative weight 
attached to this particular object as compared with other objects which also 
have claims on public funds and energy. 


The following Papers were then read : — 

1. The Price of Electricity. 

By Edward W. Cowan, MJnsUG.E.t MJnstE.E. 

In this paper the adoption of certain principles by the electrical industry as 
a basis for the charges made for electricity supply was criticised. 

A fundamental principle which the industry has established is that of charg- 
ing upon the basis of equal rate of profit from every class of consumer. This 
system has many advantages from a book-keeping point of view, and is a safe 
system which is also comparatively simple to administer. 

But the author argued that the ‘ equal profit ’ system fails in the attainment 
of the best economic results, because the factor of demand is ignored in such a 
system. The demand for electricity is of a composite character. It is a demand 
for light, for power, for heat, &c. The intensity of demand as between these 
various uses of electricity will be different ; that for light generally being greater 
than that for power, at a given price, and so on. As it will be admitted that the 
greatest economic advantage wiU be realised when there is the closest and widest 
possible correspondence between the incidence of supply and the incidence of 
demand, it must follow that adjustment of price of supply according to the 
intensity of demand in the case of each class would secure a more efficient cor- 
respondence, and consequently a greater aggregate economic advantage. The 
difficulties in giving effect to a practical system of classified tariffs were dis- 
cussed, and it was shown by reference to the successful operation of the system 
in railway working and in other industries that these difficulties are not insur- 
mountable. It was also shown that electricity production for public supply is of 
the nature of a * joint * production, and it was argued that, in so far as it is of 
that character, no separate part of the supply can be regarded as having a 
separate calculable cost. Examples were given in other industries of apparent 
anomalies in the separate prices of the component parts of a * joint ’ supply. It 
was shown that these prices, as to their relation to each other, are influenced by 
the intensity of demand for each part of the joint production, and the impos- 
sibility of ignoring this influence without great economic loss was pointed out. 

The adherence of electrical engineers to the * equal profit * system was dis- 
cussed, they believing that such a system is ethically right, and that any classi- 
fication of prices according to the nature of demand would involve the introduc- 
tion of an unfair element into the business. 

The author contended that, when the conditions are analysed, it is found that 
there are no grounds for such a view, but that, from an ethical standpoint, classi- 
fication may be resorted to without any injurjr or loss to any class. The gain due 
to such, a method was shown not to be a differential gain, but a specific gain 
which may be shared by all classes of consumers. Further, it was shown that 
the ‘equal profit’ system cannot be entirely justified from the ethical point of 
view, because certain injurious results may accompany its working; and the fact 
that the measure of advantage is arbitrarily restricted by the system can scarcely 
be justified, unless the practical difficulties of classification are such that its 
adoption is on that account undesirable. 

A diagram was given which depicted * demand ’ characteristics for light, 
power, and heat, and also a * cost of production ’ {plus a reasonable profit) charac- 
teristic. The aggregate demand at equal rate of profit from each class of con- 
sumer was plotted, and, with the arbitrarily selected elasticities of demand taken, 
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the aggregate demand is found to be 2*7 @ 2 price (for each class of supply). 
The effect of a ‘classified’ tariff was then shown, and, under the conditions taken, 
a price of 2 for electricity for light use, 0*8 for power use, and 0*6 for heating use, 
it was found that the aggregate demand is increased from 2*7 to 6, and the mean 
price per unit reduced from 2 to ITS, with the same percentage of profit. This 
diagram does not pretend to represent actual conditions, but it was presented for 
the purpose of deftionstrating the operation of the principle of classification. 

The paper concluded with a reference to the practical import of the question 
at issue. It was pointed out that there is an immense potential demand for 
electricity for power and domestic heating and refrigeration, which could be 
rendered active by the sufficient lowering of price. 

Without attempting to measure the practical effect of a wise classification 
of tariffs, the author claimed that if any economy can be realised by the system 
it is not right to ignore it or condemn it upon insufficient grounds. Though the 
economy may not be great, small price changes sometimes effect great altera- 
tions in the volume and channels of trade. 

An appendix dealt with the legal aspect of the question, the author holding 
that ‘ classified ’ tariffs would not be held to be illegal, as the clause in the 
Electric Lighting Act, 1882, which enacts that ‘undue preference’ shall not be 
given, was translated from the Eailway Acts, and, as is well known, classification 
upon the basis of value of the goods carried, quite apart from the separate cost of 
transporting them, is practised by all the railway companies. 


2. India and Tariff Reform. By Professor H. B. Lees Smith, M.A. 

In this paper two subjects were discussed — (1) The Protectionist movement 
in India ; (2) The Position of the United Kingdom under a Scheme of Preferential 
Tariffs with India. 

(1) The Protectionist movement in India : — 

Public opinion in India overwhelmingly Protectionist. The Swadeshi move- 
ment. The effect of Indian nation^ism upon^ Protectionist sentiment. The 
famine problem and the demand for diversity of industry. The infant industries 
of India. The influence of Protection upon the industrial conservatism of India. 
Examination of the chief Indian industries and discussion of the effect of Protec- 
tion upon them. 

(2) Position of United Kingdom under a Scheme of Preferential Tariffs with 
India ; — 

Analysis of imports into India from foreign countries of which a part might, as 
the result of a preference, be supplied by Great Britain. Corresponding analysis 
of imports into Great Britain from foreign countries of which a part might, as the 
result of a preference be supplied by India. Would a protective tariff for the 
United Kingdom lead to Protection for India? 


3. Economic Transition in India. By Henry Dobwell, B.A. 

India is generally acknowledged to be in a state of economic transition, hut . 
the precise meaning of this term is not fully appreciated. Hence we inquire 

(1) What are the relatively permanent states between which India is moving? 

(2) What are the causes and effects of this movement? The movement is seen 
in the contrast between rural and city India. The rural village is self-sufficing, 
the cultivator has little or no capital, the economic functions of landlord and 
cultivator are not yet differentiated, a money economy is not yet completely .in 
use. The economic inefficiency resulting is paralleled in ancient and mediaeval 
times in Europe. City India, on the other hand, is in an entirely different 
economic category, with its advertisements and competition, its joint-stock com- 
panies (native and European), its large accumulation of capi^l, banking and 
credit institutions, its factories and large-scale production, with a consequent 
wide demand for technical education. 

The existence side by side of these contrasts is a unique economic phenomenon. 
In Europe the development, from primitive to more highly developed forms has 
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been organic and spontaneous; in India it is mechanical and from without. 
Economic transition in Europe is, and has always been, evolutionary : in India, at 
present, it is revolutionary. Railways constitute one solvent of disparity — they 
affect local prices, disorganise and readjust local production, and widen markets 
for Indian labour. The same has been true in Western countries, but in India 
the solvent is drastic, sudden, and abrupt. The transition is, j^erefore, marked 
by contrast and antagonism between the wholly novel and the immemorially old. 
This antagonism is seen in the resistance of caste and custom in the domains 
of capital development and labour organisation, and is illustrated in the working 
of the factory system in the few industrial centres. The only period in which 
Europe offered even faint analogies to modern India was that of the industrial 
revolution, but that was not nearly so sweeping as economic changes now in 
operation in India. 

The result is really temporary dislocation and disorder. The rapidly accumu- 
lating results of Western education, superadded to more sudden introduction of 
new economic organisation, is really the root of Indian unrest. Had India been 
a European country or under the later rule of native princes, the result would have 
been^ chaos. The present great desideratum for India is, therefore, a period of 
rest in which to adjust herself leisurely and gradually to now conditions not of 
her own seeking, but imposed on her from without. 


FBIDAY, SEPTEMBEB 2. 

The following Papers and Report were read : — 

1. The Measurement of Profit. By Professor W. J. Ashley, M»Gom. 

Profit is the one share in the distribution of wealth not, until very recently, 
subjected to statistical measurement, owing to the dearth of exact information. 
This information is now being furnished in increasing abundance, as a result of 
the adoption by business enterprise of the limited-liability joint-stock company 
form of organisation. Accordingly during the last decade considerable attention 
has been directed in Hungary and Germany to the statistical problem of the 
Rentahilitdt (profitableness) of investments; and finally in 19(^ the Imperial 
Statistical Office was charged with the duty^ of reporting annually on * The Busi- 
ness Results of German Joint-Stock Companies.’ It was the purpose of this paper 
to give an account of the various attempts of Continental statisticians — beginning 
with the epoch-making work of Korosi — ^to define Gewimi [gain or f to fit) from 
the two points of view of {a) the companies and {h) the shareholders, and to 
disentangle the pertinent figures from company balance-sheets. It was shown 
that questions of statistical method are necessarily in this matter bound up with 
questions of economic principle. ^ The paper ended with some observations as 
to the relation between the statistical results so far obtained and the doctrine of 
an average or usual rate of profit. 


2. The Meaning of Income. By Professor Edwin Cannan, M.A., LL.D. 

As commonly conceived, income is undoubtedly a sum of money ; and here, 
as frequently elsewhere, economists have been a little too hasty in transferring 
the name from the sum of money to what they supposed to be the *rear 
things which the sum of money only indicated. 

In ordinary life, * income ’ is commonly taken to mean something different 
from the total receipts in money of the income-receiver during a given period 
of time : both additions and subtractions are made. 

The annual value of a house inhabited by its owner is treated as a part of 
bm income almost invariably; the annual value of free board and lodging 
sometimes is and sometimes is not so treated; no estimate of the 
of services rendered by the State and paid for out of taxes is ever 
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Subtractions are always made for certain amounts of outlay considered to 
be necessary for obtaining the income, and then the income is what remains. 
The fact that this process is illogical, since we cannot decide what is necessary 
for obtaining the income till we know the magnitude of the income, is usually 
overlooked. The idea at the bottom of the process seems to be so to calculate 
income that persons should be able to spend their whole income in satisfying 
their periodical wants, and yet continue to be as well off (and no better) in the 
future as at the present moment. If they spend more than their income they will 
be worse off, and if they spend less (or^ ‘ save ’) they will be better off, provided, 
of course, that what they save is well invested. 

The complete and systematic carrying out of this idea is made difficult by the 
short and uncertain duration of life, and still more of working life. In calculat- 
ing incomes from most kinds of property we set before our^lves the ideal of 
permanence into an indefinite futurity, whereas in calculating incomes dependent 
on the life of the receiver we are content to think of his life alone ; and in calcu- 
lating incomes derived directly from labour we are content to consider quite short 
periods, such as a year, and do not even attempt to ‘ smooth * the income over 
working life, nor to subtract cost of education and training. 

When statisticians compute * national incomes,* t.c., the total income of all 
the persons living on a particular area, they add together all three sorts of 
income. There is ordinarily a perpetual succession of life-annuitants and of 
workers, so that receipts which are temporary to individuals may be permanent 
enough to the * people of the country.* The total income derived from property 
is not a matter of simple arithmetic, nor even of elaborate accounting, but 
very largely a matter of mere speculation, as no man can really foresee the 
future, on which it depends ; but it may very likely be that errors in one direction 
balance those in the other, so that the total may come out more nearly right 
than a sum obtained by any other method. It should not be forgotten, however, 
that the total income from property is calculated on the assumption that the 
number of owners will remain unchanged. It is not true that the fact that the 
whole of the inhabitants of an area are spending less than their aggregate income 
pro'^es that the whole of the inhabitants in the future will have more income 
per head from property. Whether or no must depend partly on the variation 
of population. 

Economists have assumed that the income in money represents the money 
value of certain commodities and services and additions to capital, which they call 
the * real income * ,* but there is no such separate set of commodities and services 
and things added to capital. Income can only be ascertained by valuation. Like 
other conceptions dependent on valuation, it is of little or no use in dealing with 
* nations * and society at large. It is not desirable to endeavour to change the 
meaning of the term by throwing out alterations of capital and applying it to 
material welfare actually enjoyed, since the term has at present a useful signi- 
fication in regard to individuals, and is required in dealing with distribution. 


Report on the 4^mount and Distribution of Income below the Income-Tm 
Exemption lAmiU — See Keports, p. 170. 


4. The Trade Cycle and Solar Activity. 

By H. Stanley Jevons, M.A. 

The chain of -causation connecting the trade cycle with oscillations of solar 
energy may be traced through the weather and harvests. The energy received 
by the earth from the sun, whether in the form of radiant heat or of electrical 
effects, oscillates in a period of variable length, averaging about 3*6 years. 
Meteorologists have shown that there is in many localities a very marked varia- 
tion of atmospheric temperature and pressure in the same period, which is a 
partial measure of an actual climatic variation, making the weather alternately 
favourable and unfavourable to the harvests. Statistics of crops show that the 
alternation is in opposite s§ns§s in regions of continental and oceanic climate 
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r6sp6ctiv6ly, harvests being abundant in continental areas when they fail in lands 
bordering the oceans. Compensation is incomplete, however, because the cul- 
tivated area of continental regions now greatly exceeds that of the oceanic terri- 
tories. The grand total of the world’s agricultural produce varies, therefore, 
from year to year, sometimes probably by more than 10 per cent. Good har- 
vests recur in the continental areas every three or four years, and they have a 
predominating influence on the world’s trade. ^ 

Abundant harvests stimulate trade through five channels : (1) Increased 
demand of the agricultural classes for manufactured goods of all kinds ; (2) the 
cheapening of food, ‘which means greater purchasing power for all classes; 
(3) the decreased cost of the raw materials of many industries ; (4) the increase of 
credit which results from the increase of wealth, and starts a general rise in 
prices ; (5) the increase of free capital which, in conjunction with the foregoing 
effects, greatly stimulates the demand for materials of construction. Many ex- 
porters are well aware of the close dependence of their trade on the harvests 
of the countries they deal with, and the facts can be demonstrated statistically. 
Most striking is the close relation between the output of pig iron and the total 
agricultural production in the United States. 

The trade cycle consists of four periods — depression, expansion, boom, collapse 
—constantly recurring. Prices, railway earnings, and total foreign trade are the 
best indices of the phase of the cycle. The collapse of prices is usually the most 
definite feature, and where credit organisation is defective it sometimes causes 
a financial crisis. 

The dates of collapses are ascertainable definitely from 1112 on, and with 
great probability from 1695. They occurred in the following years : 1696, (1702), 
(1712), 1721, 1732, (1743), (1753), (1763), 1772, 1783, 1793, 1796, (1811), 1815, 
1825, 1836, 1839, 1846, 1857, 1866, 1873, 1883, 1890, 1900, 1907. There is some 
doubt as to whether the collapses indicated by parentheses might not be put one 
year earlier ; but they could not go later. These trade cycles may be grouped 
according to their length, under the first and second suppositions as to the dates 
in parentheses, as follows : — 

Length of cycle in years . . 3 4 5 6 7 8 9 10 11 12 13 14 16 

Bates as above . . • .2101404 7 40 0 0 1 

Bates in parenthesis taken one 1.2020 *4 01 10 4 0 0 1 0 

year earlier . . . J 

The clustering round 3, 7, and 10 years is significant. If -ir represents a 
short period, about 3^ years in length, it is evident that the trade cycle may be 
r, 2t, Sir, or even 4ir The whole periojJ 1696-1907 is 62ir, and this gives 
3’4 years as the average length of ir. The discrepancy between this figure and 
3"6 requires investigation ; but the meteorological period is determined from only 
40 or 60 years’ observations. The fact that 7-year cycles are becoming more 
frequent relatively to 10- or 11 -year cycles is explainable on economic grounds, 
because supply responds more rapidly now to altered demand. 


5. Co-operative Credit Banks, By Henry W, Wolep. 

The concentration of banking business in a limited number of great joint- 
stock banks has to a large extent destroyed that convenient occasional personal 
credit which private bankers gladly gave, and were in a position to give, because 
they were in close touch with borrowers and aware of their doings. Large joint- 
stock banks are in a different position, and they have a more lucrative use for their 
money. It has been proposed to supply the want created, which is felt in many 
quarters, by the formation of a distinct kind of bank, formed for such special 
purpose, likewise on the joint-stock principle. Such schemes, however, offer 
^ little promise of abiding remedy, since experience shows , that all such banks, 
' once they find themselves strong enough to do so, desert their original path for 
more remunerative business. The crux of the question lies in the shareholder’s 
d^ire for dividend. If the potential borrower is to he helped with a 
r tot simb help will be forthcoming endure, the of profiit must 
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be gotr rid of and the principle of common service must be substituted. Sixty 
years’ experience in hundreds of co-operative banks abroad, however, shows that 
this can be done with excellent effect. It has also shown that ordinary bankers, 
having advisedly given up this particular province of business, have nothing to 
apprehend from co-operative banks. The organisation of co-operative banks was 
explained. It was shown that they do not stand in need of a large share capital, 
but can very well* attract the requisite funds by good business methods, so as to 
be able to boast that they send no legitimate claimant empty away. As an instance, 
the case of the Banqut Po'p'ulaire of Mentone was cited. Concluding remarks 
reviewed the applicability of the system to' the circumstances of this country. 


6. A Note on the Social Interest in Banking. By F. Lavington. 

In a modern industrial society dispensation from a central controlling authority 
is obtained by the operation of the principles of specialisation and exchange, which 
serve to reconcile, in part, the interests of the individual and the group by making 
the earnings of the one dependent upon his service to the other. The reconciliation 
is complete only where — 

(1) Competition operates freely. 

(2) In the adjustment of resources returns are maximised over a long period, 
so that the good and evil in the methods employed do not fall outside the period 
considered. 

(3) The organisation evolved does not contain defects which competition does 
not tend to eradicate. 

It is maintained that the high social cost of the two banking services — the 
transport of capital and the provision of currency — do not imply the existence 
of monopoly power, and that the far-seeing policy of the banks involves no 
social evils in its application. ^ ^ 

The type of organisation contains the defect of rigidity which tends against 
the ideal distribution of capital, partially excluding certain classes from its use. 
It is however well suited to provide a currency, and is adapted to undertake a 
currency policy which would restrict fluctuations in general prices. 

The inquiry of supreme interest — ^that of measuring the divergence between 
the directions of self-interest and social material welfare — ^goes to show that 
there is in banking an exceptionally close parallelism between the two. 


MONDAY, SEPTEMBER 5. 

The following Papers were read : — 

1. The Fundamental Implications of Gonflicting Systems of Public Aid, 
By Professor S. J. Chapman, M.A.^ M.Com. 

Two systems are sometimes contrasted : (n) that of distribution of relief 
according to desert and (h) that of distribution of relief according to economic 
and social need. This contrast does not, however, lie at the root of the present 
controversy. There are two schools of thinkers among those who accept the second 
system, and the dividing line between these schools is determined by particular 
beliefs or expectations with ref erence (1) to the nature and magnitude of the social 
reactions which would follow the pursuit of different policies in the dispensation of 
public aid and (2) to the desirability or otherwise of these reactions. It is the 
existence of these divergent beliefs or expectations which has caused disagreem»;nt 
to define itself in relation to what might ^ termed the three principles of (a) defer- 
ment, (P) less eligibility, and (y) the unity of the family. ^ The policy recommended 
by those who are most apprehensive about these reactions involves hardship to 
some persons who are reduced to distress, but this hardship they h<>pe minimise 
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by the thoroughgoing adoption of the principle of individualising. But the 
policy of their opponents also involves hardship to some in that compulsion is one 
of its integral elements. Disagreements between the two schools are brought into 
high relief when the population question is taken into account. 

It is easier to decide what we desire with respect to the relation of the State 
to the course of our individual lives than to determine which of the two bodies 
of sociological doctrine (outlined in the paper) approximates cldser to the truth. 


2. The Poverty Figures , By Professor D. H. Macokbooe, M*A* 

Our estimate of the amount of poverty in .England is based upon three 
inquiries — those of Booth, Rowntree, and Chiozza Money. 

The last of these is a national inquiry, based upon income-tax statistics. 
Defining the ‘ poor ' as those who do not pay income-tax and have less than 
160<f. a year, Mr. Money finds they numher 39,000,000 people, or nine-tenths 
of the population. But since the average family income is only 200?. per annum, 
we can scarcely take 160?. as indicating the limit of real distress, unless we 
admit that we are a poor nation on the whole. It is better simply to say that 
nine-tenths of the people do not reach the level of 160?. a year. 

The inquiries of Booth and Rowntree are local and deal more especially with 
poverty in the sense of distress. It is on the basis of those inquiries that the 
statement is commonly made that one-third of th© nation — or about 14,000,000 
people — ^is living in real poverty. This statement has been so exploited by 
both political parties thab it has passed into the current coin of so(fial discussion. 

As these local inquiries are only two, no national inference ought to be 
made from them, unless the convergence of their results is very close. It is 
usually thought that this is the case. My purpose is to show, on the contrary, 
that there is an extremely great divergence, and that it is time to protest against 
what is at least a great misconception. 

I do not wish to question the separate results of the two inquiries. I accept 
it as fact that Mr. Booth found 31 per cent, of poverty and 8*4 per cent, of 
great poverty in London ; and that Mr. Rowntree found 28 per cent, of poverty 
and 9.9 per cent, of great (or primary) 'poverty in York. 

My aim is to show first that their definitions of poverty are so different that 
simply to compare the numerical results — ^28 and 31 per cent. — ^is out of the 
question; second, that when the inquiries are reduced to the same basis the 
results are so extremely divergent that they must he loft in their separateness 
for the present. 

First, then, what did Booth count? Ho tells us very distinctly that by a 
poor family he means one whose income is not more than 21.'?. a week j and that 
a ‘ very poor' family is one having not more than IS,'?, a week. It is purely and 
entirely an income test, which he himself calls ‘arbitrary.* About 31 per cent, 
of the people in London have up to 21^. a week, including 8.4 per cent, who 
have less than 18.s. a week. But where Booth counted one thing Rowntree 
counted two things. He first counted primary poverty — ^whioh moans incomes 
of not more than 21,5. Sd. a week — and of this he found 10 per cent, in York; 
and then he proceeded to count secondary poverty, which is a question not of 
income hut of expenditure, and which Booth did not count at all. Of this 
there was 18 per cent. — ^much the greatest part of York poverty. It is clear, 
therefore, that if anything is to be compared with Booth’s 31 per cent, of 21s. 
incomes it is Rowntree’s 10 per cent, of 21s, 8<?. incomes; and that' to compare 
the two gross results is absurd. It is as if Booth had counted red-haired people 
and Rowntree fair-haired people. 

Second, let the two inquiries be reduced to the same basis. How much of 
wwntree's poverty is there in London and how much of Booth’s poverty in 
York . Fortunately it is possible to find this out on the data of the two books. 
1^6 nmnber of people in York who do not earn more than 21s, a week is, 
to a table of Rowntree’s, 8^ per cent. We have thus got a more 
exact? comparison. In the same way, we can find from Booth’s book that the 
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total amount of * primary and secondary ’ poverty in London is at least 48 per 
cent., and is almost certainly over 50 per cent, of the people. So that, as soon 
as we reduce to the same definition for both cases, we get the most opposite 
results. What else was to be expected from a comparison of a provincial city 
with the greatest centre of casual labour in the world? The opposition of the 
results is still more striking when allowance is made for the different costs of 
living in the two places. When this is done the York figure which corresponds 
to Booth’s 31 per cent, comes down from 8^ to 3 per cent. 

We get the conclusion, therefore, that of poverty in Booth’s sense of the 
word there is 3 per cent, in York (corrected for cost of living), or 8^ per cent, 
(uncorrected), against 31 per cent, in London; and of poverty in Rowntree’s 
sense there is 28 per cent, in York and (when corrected) over 50 per cent, in 
London. No national inference is possible from results like that. The state- 
ment that the numbers of our people who are living in poverty is, or approxi- 
mates to, 31 per cent, is not based on evidence which bears scrutiny. The 
numbers may be either much peater or much less than that. We need far more 
evidence on a uniform definition of the thing inquired into. 


3. Production and TJnem^loynient. By Miss Grier. 

The word ‘unemployment’ is too comprehensive to be definite. There are 
innumerable grades among the ‘unemployed’ as among the employed. Unem- 
ployment is due partly to industrial maladjustment, caused by want of fore- 
sight on the part of employers and employed, and partly to lack of industrial 
qualities amon^ the employed and unemplojred. It would only b© possible 
entirely to avoid unemployment by perfect adjustment of the supply of (i) dif- 
ferent kinds of goods and services to the demand for them, and (ii) different 
kinds of labour needed in production. 

The abolition of the demand for intermittent labour would leave no alternative 
between regular work and destitution. This would have a ‘deterrent’ effect, but 
would not increase the general demand for labour, except in so far as it increased 
production. Increased production increases the possibility of employment but 
also the possibility of unemployment. To reduce unemployment it is not so much 
necessary to increase total production as to increase the value of the work of 
those who tend to become unemployed. Increased production on the part of low- 
grade workers is useless unless their number is limited. The demand for their 
services is apt to be inelastic. The need for greater adaptability was insisted 
upon and remedies were suggested. 


4. Vnder-emfloyrnent and the Mobility of Labour, By J. St. G. Heath. 

A study of the census returns of occupations for 1891 and 1901. Definition of 
economic transformations. Dislocations which take place in a particular industry 
through changes in demand, or through the substitution of new and cheaper 
factors of production, such as machinery, women, and juvenile labour. Effects 
of economic transformations upon adult male labour. 

Attempt to estimate the effects by observing the changes in occupations 
between 1891 and 1901 as shown in the census returns. 

Criticism of previous attempts of Mr. Booth and Mr. Beveridge. 

Both have taken a single census report. Two census reports required. All 
those who were returned as occupied in 1891 between the ages 25-35, with 
the exception of those who have died or retired, will be found in the age group 
35-45 ten years later, and so with the other age groups. 

Table I. shows certain main orders of occupations in the census reports for 
1891 and 1901. 
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Table II. shows certain sub-orders where during the ten years apparently 
many men over twenty-five have been displaced, and where there is also apparently 
an excess of youths. 


Table H.-^CMldren and Dislocation, 


1 


Total 

Paper 

Hemp, 

Jute, 

&c. 



Cotton 

i 

Wool 

Machinery 
and changes 
in demand 



Population 



Wheel- 

wrights 

Is 

Percentage increase^ 
of total males 











occupied 10 and 
upwards between 
1891 and 1901 .) 

Percentage of occu-"] 
pied males be- 


15*1% 

22*0 

-3*5 

29*6 

15*5 

-2*2 

-14*9 

4-0 

14*2 

tween 10 and 20 
to total males oc- 
cupied in 1901 . J 

Total males occupiedN 


18-1% 

26*2 

26*7 

25-1 

28*3 

30*2 

26*7 

16*8 

14*1 

in age groups, tak- ' 
ing each age in 
1891 as 100 and 1 


1891 1901 
15-25 100 

1901 

1901 

1901 

1901 

1901 

1901 

1901 

1901 


26-S6 100 95*9 

83-S 

68-3 

79*7 

73*5 

60*1 

68*4 

81*2 

108-t; 

taking the number 


36-46 100 92*3 

93-2 

85-4 

86-0 

84*0 

74*7 

71*8 

85*4 

84*2 

who remain 10 


46-56 100 85*3 

86-2 

85*7 

82-6 

77*5 

69*7 

73*3 

86*1 

74*6 

years later in 1901 


66-65 100 70*8 

70-6 

76-4 

66-9 

60*4 

52*8 

62*0 

72*2 

60*0 

as percentage of 
that . . , i 


66-76 47-6 

41*2 

61*1 

42-0 

87*5 

27*4 

36*6 

38*2 

39*3 


Table III. shows certain sub-orders where women have increased faster than 
men, and where men over twenty-five have been displaced. 

Table III . — Women and Dislocations, 


. 

Total Male 
Population 
employed 

262 , 
Book- i 
binders 

284 

Hosiery 

286 

Lace 

288 

Carpet, 

Eng 

312-15 

Boots 

Percentage inareasel 







of total males 







occupied 10 and - 
upwards between 

16*1% 

11*4 

-24*0 

-2*9 

-22*6 

-1*1 

1891 and 1901 . 







Percentage of occu-*! 







pied males be- 
tween 10 and 20 to • 
total males occu- 
pied . . . , 

18-10/^ 

19*9 

16*7 

20*9 

20*2 

16*4 

Total males occupied\ 

1891 1901 


1901 




in age groups tak- 

1901 

1901 

1901 

1901 

ing each age in 

15-25 100 






1891 as 100 and 

25-35 100 95*9 

76*3 

65*8 

70*0 

57*7 

83*5 

tfl.iring the number 

■ 35-45 100 92*3 

84*7 

71*4 

79*6 

64-6 

83*1 

who remain 10 

45-66 100 85*3 

78*1 

69*9 

74*3 

68*0 

80*0 

years later in 1901 

65-65 100 70*8 

70*5 

59*7 

63*4 

66*5 

70*7 

as a percentage of 
that . . . / 

66-76 47*6 

42*5 

45*7 

44*2 

36*9 

50*3 

Out of every 1,000 of 







. both seses em- 
ployed Women 


1891 1901 

1891 1901 

1891 1901 

1891 1901 

1891 1901 

formed the follow- 
ing proportions . , 


554 603 

629 713 

625 653 

440 517 

185 210 
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Table IV. shows certain industries where many men between the ages 25.3£ 
have apparently entered the industry during the ten years’ interval, in addition 
to those who have moved up from the age group 15-25. 


Table IV. — Unwalled Industries. 


— 


Total 

Population 

§ 

G 

1 

i 

t 

PaTiors and 
oad Labourers 

Plasterers, White- 
washers, Paper- 
hangers, Painters 

3oal-heavers 
and Porters 

Bricks, Tile 
Makers 

arpenters and 
Joiners 

Gas 




o 

p 




o 


Percentage increase^ 











of total male.s 
occupied 10 and 
upwards between 
1S91 and 1901 . 


15-]% 

60*C 

82*4 

133*4 

34*8 

43*2 

61*1 

22*7 

63*2 

Percentage of ocen-] 











pied males be- 
tween 10 and 20 to 


18-1% 

17*0 

6*C 

4*7 

12*7 

8*9 

24*2 

18*3 

3*9 

total males occu- 
pied . . . J 











Total males occupied \ 











in age groups tak- 


1891 1901 

1901 

1001 

1901 

1901 

1901 

1901 

1901 

1901 

ing each age in 


15-25 100 









1891 as 100 and 


25-3.5 100 96*9 

159*3 

248*0 

404*4 

146*4 

188*4 

111*1 

103*2 

298*1 

taking the number 


36-45 100 92-3 

104*3 

170*7 

285*2 

106*7 

127*0 

111*8 

91*2 

136*3 

who remain 10 


45-65 100 85-3 

91*6 

137*2 

262*2 

91*2 

98*8 

98*3 

86*6 

99*4 

years later in 1901 


55-66 100 70-8 

72*3 

99*7 

220*2 

75*2 

72*8 

78*6 

74*2 

79*1 

as a percentage of 
that . , , j 


65^76 47-6 

42*7 

61*1 

149*7 

46*1 

47*0 

48*8 

62*4 

60*7 


The industries of England may be roughly divided into two groups which 
we will call the walled and unwalled. In the walled industries, such as those 
in Tattles II. and III., previous training is needed, and entrance after the age 
of twenty-five is abnormal. In the unwalled industries little or no previous 
training is needed. Entrance into them after twenty-five years of age is very 
common. In Table IV. we have instances of unwalled industries, and also in 
Table 1. numbers VI., XII., XIII., and XXI. 

It is these same unwalled industries which, according to the Poor Law report, 
suffer most from under-employment and casual labour. 

It may be conjectured that many men, thanks to economic transformations, 
are driven out of the walled industries and find refuge in the unwalled. 

Surplus pools of labour are found in the nnwalled industries, not because 
of competition, but because a surplus supply of labour finds refuge in such 
unwalled industries when displaced from the walled. 

Eolation of this theory to that of Mr. Beveridge. 

Connection between boy labour and the under-employment of adult male 
labour. 


TUESDAY, SEPT EMBED 6. 

The following Papers were read 

1. Hotes on the History of Sheffield Wages. By George Hy. Wood, F.8.S. 

Th«^ paper reviewed the course of wages in various trades in Sheffield with 
the object or pointing to the gaps in the information and of urging that an 
investigation should be made into the history of wages in Sheffield, particularly 
in those trades which, like file-making and cutlery, may be regarded as particular 
td the locality. 

course o€ wages in certain staple trades carried on in Sheffield has been 
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— 

Puddlers 

Coal 

Hewers 

_ 

Building 

Furnish- 

ing 

Printing 

Engineer- 

ing 

Weighted 

Average 

Weights 

1 

1 

4 



3 

11 

1835 

, 





- 

84 




Circa 

1 







1840 

87 

67 

— 

— 

94 

— 

78 

1850 

93 

67 

76 

— 

94 

— 

78 

1855 

125 

86 

83 

— 

94 

73 

86 

1860 

100 

82 

83 

— 

94 

73 

82 

1866 

118 

92 

93 

83 ! 

94 

84 

92 

1871 

110 

89 

93 

86 

94 

85 

92 

1874 

145 

134 

101 

97 

100 

94 

106 

1877 

103 

96 

108 

103 

100 

97 

102 

1880 
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91 

103 

100 

100 

91 

98 

1883 

100 

100 

100 

100 

100 

100 

100 

1886 

96 

91 

101 

100 

100 

100 

99 

1891 

100 

127 

105 

106 

107 

101 

106 

1896 

91 

118 

109 

106 

107 

102 

106 

1900 

128 

133 

116 

103 

107 

107 

114 

1906 

113 

118 

116 

107 

114 

108 

1 113 

1 


Comparisons were mad© of the conrs© of wages in the trades in Sheffield witli 
the course of the same trades in the United Kingdom, and of the * weighted 
average ’ compared with the course of wages in the chief industries of the country 
taken together, the latter comparison being as follows : — 

1850 ’55 ’60 ’61 ’71 ’74 ’77 ’80 ’83 ’86 ’91 ’96 1900 ’06 

United Kingdom . 66 66 64 74 77 87 86 82 84 83 91 91 100 101 

Sheffield . . 68 76 72 81 81 93 89 86 88 87 93 93 100 99 

The course of wages in Sheffield as indicated by the trades considered is very 
similar to the course of wages in the United Kingdom, but wages in Sheffield 
have not advanced by so great a percentage in half a century. 

There are a large number of trades mainly located in Sheffield, but for none of 
these is the information self-consistent. The records for the file and saw trades are 
examined as examples, and the writer urges that, as the evidence points to the 
course of wages in these trades having differed so greatly from that of wages in the 
great industries of the country, an investigation specially directed to filling the 
gaps in the information and solving the difficulties should be undertaken. 


2. The Teaching of Economics in University Tutorial Glasses. 

By A. Mansbridge and B. H. Tawney, 

The growth and extent of the tutorial class movement was considered. (In 
1907-08, two classy with sixty members; in 1909-10, thirty-nine classes with 
1,117 members; estimated in 1910-11 seventy classes with 2,000 members.) The 
organisation, procedure, and membership of classes were illustrated by some 
typical instiices. The chief points to be remembered in connection with the 
classes by a teacher of economics are (a) that the classes consist entirely of adults, 

(b) that they have considerable practical experience of economic problems, and 

(c) the students’ previous reading and motives for attending the class. Hence 
there is usually a more or less definite method of approach in the students’ minds, 
e.g., attention is concentrated on the effect of legal and economic institutions 
rather than on the motives of individuals; economics are treated as part of general 
political science; there is a tendency to emphasise ‘short run’ effects rather 
than ‘long run’ effects as more important to the manual worker. As to the 
curriculum, a good deal of attention should be given to economic history as an 
introduction to economic theory and modern problems; the economic theory is 
best treated comparatively; th^ries are better than theory; the importance is 
insisted upon of explaining chief sources of information (statistical and others), 
and mothers of investigating practical problems. As to method pursued in classes, 
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the authors dealt with the free use of question and answer, of special knowledge 
possessed by students, and of blackboard diagrams. What is wanted is emphatic- 
ally not lecturing but teaching which will make use as far as possible of the 
students’ experience. The character of the work done was discussod. The main 
difficulties dre the practical ones of overtinie and imfemploymeht. 

3; Statistics of Cotton Mill Accidents. By H. 

tf the curve Representing the fluctuations in the annual number of accidents 
o'ccuiTing in connection with cotton spinning machinery be compared with that 
representing th^ consumption of cotton, which may be taken to be a rough index 
Ot the varying iictivity of employment in cotton mills, both being on the 
logarithmic scale, it is seen that, after 1900, the fluctuations in the. two curves 
agree closely, except that the amplitude of the fluctuations in the accident curve 
is from two' and a half to three times as great as that of the consumption curve ; 
that is to say, when trade expands, accidents increase two and a half to three 
times as fast, and vice 'oersa. This is what might have been expected. There is 
a normal accident rate corresponding to normal activity of employment in the 
mills. When trade becomes brisk, managers exert themselves to increase the 
output of the mills; the time allowed for cleaning the machinery while it is 
stopped is curtailed; new and inexperienced hands are taken on; and in many 
such ways the liability to accident is increased. On the other hand, when trade 
is slack, there is little * driving * ; there is not the same incentive to clean the 
machinery while it is running. If any hands have to be discharged it is the 
incompetents who go, and the rest may be put on short time. In all these ways 
the liability to accident is reduced. 

Before "l900, however, the two curves differ from each other mainly in the 
upward slope of the accident curve. The continuous increase in accidents which 
this upward slope would indicate is largely fictitious, and is due to progressively 
improved reporting, accelerated and completed by the action of the Workmen’s 
Compensation Act, 1897, which came into force in 1898, and may be supposed to 
have produced its full effect in this direction by 1900. 

Other accidents than those occasioned by machinery occur in cotton spinning 
mills, but these are the more important and include the bulk of the preventable 
accidents. In 1907, 2,989 were reported, the number of workpeople in that year 
being 239,000, giving an accident rate of 1*26 per cent, for cotton spinning ; for 
cotton weaving the rate was 0*29 per cent. ; for the whole trade ,0*69 per cent. 
That is, out of every thousand cotton operatives, 993 might have expected to work 
a whole year without sustaining any accidental injury sufficient to keep them 
away from work for one day, that being the criterion of absence in force in 1907. 
These figures are even more remarkable than they appear, for no less than 83 per 
cent, of these accidents gave rise to slight injuries only, f.e., such as ought 
not, with proper attention, to keep the injured person away from work for longer 
than anout three weeks. The fatal accidents are extremely few. In 1907 they 
numbered thirty-seven in spinning and twelve in weaving. 

As to causation, it was found that 26 per .cent, of the accidents reported in 
1909 as having occurred in connection with cotton spinning machinery were purely 
accidental and unpreventable, and that 37 per cent, were due to the practice, 
almost confined to the cotton trade, of cleaning the machinery while it is working. 
Fifty per cent, of the accidents were due to the negligence of the injured person 
alone, negligence which in 6 per cent, of the cases could only be described as 
gross. In all, 68 per cent, of the machinery accidents were due to negligence. In 
only 5.2 per cent, of the cases was there any contravention of the Factory Acts. 

As to the non-machinery accidents, which are about as numerous as those due 
to machinery, the enormous majority, 98 per cent., are not more than slight. 
They are largely due to falls, knocking the hands against hard objects and sharp 
corners, cuts, scratches, and so on ; and most of them may be placed in the category 
of the purely accidental and unpreventable* 
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Section G.— ENGINEERING. 

President of the Section.— Professor W. E. Dalby, M.A., M.Iiist.C.E. 


THVBSDAY, SEPTEMBER 1. 

The President delivered the following Addrese : — 

British Railways: Some Facts and a Few Problems* 

It is remarkable how few among us really realise the large part that railways 
play in our national life. How many of us realise that the capital invested in 
the railway companies of the United Kingdom is nearly twice the amount of the 
national debt ; that the gross income of the railway companies is within measurable 
distance of the national income ; that to produce this income every inhabitant of 
the British Islands would have to pay annually 3Z. per head ; that they employ 



Fig. 1. 

over six hundred thousand people; and that about eight million tons of coal are 
burnt annually in the fire-boxes of their locomotives ? I hope to place before you 
in the short time which can be devoted to a presidential address a few facts 
concerning this great asset of our national life and some problems connected 
with the recent developments of railway working — problems brought into exist- 
ence by the steady progress of scientific discovery and the endeavour to apply the 
new discoveries to improve the service and to increase the comfort of the travel- 
ling public. 



694 


TRANSACTIONS OB' SECTION Q. 


A great deal of interesting information is to be found in the Bailway Betums 
issued by the Board of Trade. I have plotted some of the figures given, in order 
to show generally the progress which has been made through the years, and at 
the same time to exhibit the rates of change of various quantities in comparison 
with one another. 

Consider in the first place what the railways have cost the nation. This is 
represented financially at any instant by the paid-up capital qf the companies. 
The total paid-up capital in 1850 was 240 millions sterling. In 1908 this amount 
had increased to 1,310 millions. The curve marked ' Total ’ in fig. 1 shows the 
total paid-up capital plotted against the year. It will be noticed that the 
increase per annum is remarkably regular up to about 1896 and is at the rate of 
not quite 100 millions per annum. After this date the capital increases at a 
somewhat greater rate, but in 1900 the rate drops with a tendency to a gradually 
decreasing value. Part of the increase immediately after 1896 is, however, due 



to nominal additions to the capital. The extent to which this process of watering 
the stock has been carried is indicated t)ver the period 1898 to 1908 by the 
curve A B. In the year 1908 the nominal additions to capital amounted to 
196 millions of pounds. 

Curves are also plotted showing the amounts of the different kinds of stock 
making up the total. It will be noticed that the ordinary stock is a little over 
one-third of the total paid-up capital in 1908--viz., 38 per cent. In 1870 it was 
about 43 per cent. 

curve on the diagram shows the gross receipts, which amounted to 
120 milUons of pounds in 1908. The dotted line indicates the net revenue after 
deducting from the total receipts the working expenditure. This, for 1908, was 
434 millions, corresponding to 3*32 per cent, of the total paid-up capital. If the 
1^1 receipts are reckoned as a percentage of the paid-up capital after deducting 
additions the return is increased to 3.9 per cent. These figures ‘prae- 
represent the average dividend reckoned in the two ways for the year 1908. 

W- 2 by the upper curve the number of miles open for traffic plotted 
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against the year. This curve indicates great activity of construction during the 
period 1850 to 1870, with a regular but gradually decreasing addition of mileage 
from year to year afterwards. 

At the end of 1908 there were 23,205 miles open, corresponding to 53,669 miles 
of single track, including sidings. Of this, 85 per cent, was standard 4 feet 
8i inches gauge, 12*^ per cent. 5 feet 3 inches, and 2*2 per cent. 3 feet gauge. 
The remainder yas made up of small mileages of 1 foot Hi inches, 2 feet 

3 inches, 2 feet 4 inches, 2 feet 4^ inches, 2 feet, 2 feet 9 inches, 4 feet, and 

4 feet 6 inches gauges. 

The two lower lines of the diagram show respectively the number of passengers 
carried and the tons of goods carried from year to year. 

^ The curves of mileage, passengers carried, and goods carried increase regularly 
with the increase of capital, indicating that up to the present time the possibility 
of remunerative return on capital invested in railway enterprise in this country' 
is not exhausted. It is true that there is a maximum of goods carried in the year 
1907 ; but the sudden drop in the curve between the years 1907 and 1908 suggests 



that the drop is only of a temporary character, and there is every reason to believe 
that the curve will resume its upward tendency with time. In 1908 the railways 
of the United Kingdom carried 1,278 millions of passengers, exclusive of season- 
ticket holders, and 491 million tons of goods; the quantity of goods carried in 
1907 was nearly 515 millions of tons. It is curious that very approximately the 
companies carry per annum one passenger and about 0*4 ton of goods for every 
pound sterling of paid-up capital. 

The proportion of the gross receipts absorbed in carrying out this service is 
shown by the upper curve of fig. 3. The proportion has increased, on the whole 
regularly, from 47 per cent, in 1860 to 64 per cent, in 1908. 

The lower curve shows the net receipts as a percentage of the paid-up capital. 
From 1899 onwards the curve ab shows the net receipts reckoned on the paiB-up 
capital exclusive of the nominal additions. It will be observed that the net 
receipts have not declined more than half a per cent, since 1870, notwithstanding 
the increase in working expenditure. 

Fig, 4 indicates the cost of working the traffic calculated in terms of the train- 
mile, no data being available regarding the actual work done as represented by 
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the ton-mile or the passenger-mile. In some respects the train-mile is the fairest 
way of comparing costs, because when a train is running, whether it is full or 
empty, the same service must be performed by the majority of the departments. 


Cost of Working per Train MUe of 
jRailways in England and Wales, 



99 1900 0} 02 09 04 OS 06 07 oa 

YEAR 
Fio. 4. 


The curves bring out clearly that the proportion of the total expenditure per 
train-mile absorbed by these several services remains fairly constant over a 
series of years. To the right is exhibited the average for the four years 1906 to 
1908. The figures are also reproduced in the following table ; — 

Table I. 

Average Working Costs per Train-mile of the Railways in England and 
Wales taken over the Years 1906 to 1908. 

Fence per train-mile. 
. 12*07 
. 8*60 
. 6*37 

. 12*78 
. 1*68 
. 3*06 . 

. 0*22 
. 0*47 

. 1*39 

. 41*63 


liocomotive power absorbs an amount about equal to the traffic expenses ; and 
companies actually pay in rates and taxes, a sum nearly equal to the whole amount 
required to maintain the rolling-stock in an efficient state. 

To right is shown a scale the divisions of which represent an amount 
estimated in ^noe per train-mile corresponding to 1 per cent, of the average 
V#p®fed* ^his Aows that if the whole of the locomotive power could be 
nothing, the average dividend would only be increased by 1} per 


Locomotive power ...... 

Repairs and renewals of carriages" and waggons 
Maintenance of permanent-way 

Traffic expenses 

•General charges 

Rates and taxes 

Government duty . .... 

Compensation .... , . 

Legal and miscellaneous . . . , 

Total . 


PRESIDENTIAL ADDRESS. 


697 


cent. Reckoned on the ordinary stock alone, however, the increase would be 
about three times this amount. 

It may be of interest at this stage to compare the financial position and the 
cost of the working of railways in their earlier days with the state of things now. 
For this purpose the position of the old London and Birmingham Railway is 
compared with the position of the London and North Western Railway, the 
system into whi<|i it has grown. The years selected are 1840 and 1908. 

I have taken out the cost per mile of working the traffic of the London and 
Birmingham Railway from some accounts given in Winshaw’s ‘Railways.* The 
details are grouped somewhat differently in the list just given, but in the main 
the various items may be compared. 

The number of train-miles on the London and Birmingham Railway recorded 
for the year January to December, 1839, is 714,998. The accounts given are for 
the year June 1839 to June 1840. The mileage record is thus not strictly com- 
parable with the expense account, but it may be regarded as covering the same 
period with sufficient accuracy for our purpose. 

The costs work cut as follows : — 

Table II. . 


Cost 'per Train-'mile for the Year ending June 1840, London and 
Birmingham Bailway, 


Pence per mile. 


Locomotive power 23*2 

Maintenance of" way 27’2 

Traffic expenses, including repairs to waggons . . . 25‘9 

General charges, including legal charges 4*5 

Rates and taxes 4*5 

Government duty . . 

Accident account . . Q.gg 


Total .... 93*30 


The receipts amounted to 231d. per train-mile. Hence the working expenditure 
was 40 per cent, of the gross receipts. 

The gross receipts for the year ending June 30, 1840, were 687,104?., which, 
after deducting charges for loans, rents, and depreciation of locomotives,^ car- 
riages, and waggons, enabled a dividend of 9^ per cent, to be paid on the ordinary 
stock. 

There are two noteworthy facts in these old accounts. First, the allowance 
for depreciation on the rolling-stock of nearly 4 per cent, of the receipts. 
Secondly, the fact that the cost of working the traffic is given per ton-mile. This 
method of estimating the cost of working has gradually fallen into desuetude on 
British railways. One company only at the present time records ton-mile statis- 
tics. Quite recently (in ^909) the committee appointed by the Board of Trade to 
make inquiries with reference to the form and scope of the accounts and statistical 
returns rendered by the railway companies under the Railway Regulation Acts 
have had the question of ton-mile and passenger-mile statistics under considera- 
tion. There was considerable difference of opinion concerning the matter, and 
in the end the committee did not recommend that the return of ton-mile and 
passenger-mile statistics should be made compulsory on the railway companies. 

Returning to the London and^ Birmingham Railway accounts, the actual figures 
given by Mr. Bury, the locomotive engineer, were, for the year ending December 
1839 

Passenger Trains. — Ton-miles, 21,159,796, giving an average of 542,533 ton- 
miles per engine at 0*86 lb. of coke per ton-mile costing 0‘17d. 

Goods Trains. — 17,527,439 ton-miles, giving an average of 584,247 per engine 
at 0*67 lb. of coke per ton-mile costing O’lld. per ton-mile. 

Table III. shows various amounts and quantities in comparison with one 
another. Beneath the actual figures are placed proportional figures, the Lonqpp 
f?,pd Birmingham ihipi being in every case denoted by unity. 
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Table III. 

Comparison of Capital^ BsceiptSy Miles bpen, Train-mileSy and Cost of Working 
between the London and Birmingham Bailwaij for the Year ending June 1840 
and the London and North Western Bailway for the Year ending Deeemher 
1908. 



Stock and Share 

Loans and 

ToJLi 

Gross 


Capital 

Debentures 

Receipts 


£ 

Interest 

£ 

Interest 

£ 

£ 

L. & B. Ry., 


per cent. 


per cent. 



1840 .... 

L. & N. W. 

3,125,000 

9| 

2,125,000 

# 

6,2SO,000 

687,000 

Ry., 1908 

85,861,760 

5 

39,176,374 

3 

125,037,134 

16,615,334 


app. avo- 


average 





rage on 
all types 







of stock 





L. & B. Ry., 
1840 .... 

L. &-N. W. 

1 


1 


1 

1 

Ry., 1908 

27-6 


18-4 


24 

22*6 



Miles Open in 
Equivalent 
Single Track 

Train-miles 

Run 

Receipts per 
Train-mile 

Cost of 
Working per 
Train-mil<‘. 

Bxptindituro 
to Gross 
Receipts 
per cent. 

L. & B. Ry,, 
1840.... 

250 

714,998 

231 pence 

93 pence 

40 

L. & N. W. 
Ry.,1908 

5,406 

48,732,644 

76-J „ 

60 „ 

65 

L. & B. Ry., 
1840.... 

1 

1 

1 

1 

1 

L. & N. W. 
Ry., 1908 

21*6 

68“3 

0*33 

0*64 

1*62 


Tlie comparison brings out some curious facts. For instance, it will be noticed 

that the gross receipts of the London and North Western Kailway in 1908 were 

twenty-two and a half times as much as those of the London and Birmingham 
Railway in 1840, and that the track mileage open was about twenty-two times as 
great. The money earned per mile of track open is thus practically the same after 
a lapse of seventy years. To earn the same amount per mile of track open, how- 
ever, the trains of the London and North Western Railway had in 1908 to run 
68'3 times the number of train-miles that the trains of the London and Birming- 
ham Railway ran in 1840. That is to say, in order to earn a sovereign a London 

and North Western train has now to run three times the distance which it was 

necessary for a London and Birmingham train to run to earn the same amount. 

Another point to notice is that although the mileage and the receipts per mile 
of track open have each increased in the same proportion, yet the capital has 
inepased at a greater rate, being on the total amount twenty-four times as much 
as in 1840, and the stock and share capital has increased twenty-eight times. So 
that with the necessity of running three times the train-mileage to obtain the 
same return per mile of track open there runs the obligation to pay interest on 
an ordinary stock which has been increased in a greater proportion than the 
nnl^ge and in a greater proportion than the earning power of the line. Lqwer 
dlyid^ds are therefore inevitable. The cost of working per train-mile has 
gr^ually to about half its value in 1840, but at the same time the 
receijjte ger irain-mile have dwindled to one-third of the amount in 1840, 
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'J''hese figures show that a more conservative system of financing the railways 
might have been adopted in the earlier days with advantage. If when the receipts 
per train-mile were larger, a proportion of the revenue had been used annually 
for the construction of new works and for the provision of new rolling-stock 
instead of raising fresh capital for everything in the nature of an addition to the 
railway, the companies would to-day have been in a position to regard with 
equanimity the ifcreasing cost of working. 

It is too late in the day to recover such a strong financial position, but even 
now on many lines a larger proportion of the revenue could be sunk in the line 
with great ultimate advantage to the financial position. 


The Prohlem of the Locomotive Department* 


During the last twenty years the demand on the locomotive has steadily 
increased. The demand has been met, though with increasing difficulty, owing to 
the constructive limitations imposed by the gauge. The transference of a train 
from one place to another requires that work should be done continuously by the 
locomotive against the tractive resistance. The size of the locomotive is deter- 
mined by the rate at which this work is to be done. If T represents the tractive 
resistance at any instant, and V the speed of the train, then the rate at which 
work is done is expressed by the product TV. The pull exerted by the loco- 
motive must never be less than the resistance of the whole train considered as a 
dead load on the worst gradient and curve combination on the road, and it can 
never be greater than about one-quarter of the total weight on the coupled wheels 
of the engine. 

Again, the tractive pull of the engine may be analysed into two parts — one 
the pull exerted to increase the speed of the train, the other the pull required to 
maintain the speed when once it has been reached. For an express train the 
number of seconds required to attain the journey speed is so small a fraction of 
the total time interval between the stops that the question of acceleration is not 
one of much importance. But for a local service where stops are frequent the 
time required to attain the journey-speed from rest is so large a fraction of the 
time between stops that this consideration dominates the design of the locomotive 
and, in fact, makes it desirable to substitute the electric motor for the locomqtive 
in many cases. 

An accurate estimate of the rate at which work must be done to run a stated 
service can only be made if there are given the weight of the vehicles in the 
train, the weight of the engine, the kind of stock composing the train, the speed 
and acceleration" required at each point of the journey and a section of the road; 
and, in addition to this, allowance must be made for weather conditions. 

A general idea of the problem can, however, be obtained by omitting the 
consideration of acceleration, gradients, and the unknown factor of weather con- 
ditions, considering only the rate at which work must be done to draw a given 
load at a given sp^d on the level. Even thus simplified the problem can be 
solved only approximately, because, although the tractive resistance of a train 
as a whole is a function of the speed, the tractive resistance per ton of load of 
the vehicles and per ton of load of the engine differ both in absolute value and 
in their rates of change for a stated speed, and, further, the ratio between the 
weight of the vehicles and the weight of the engine is a very variable quantity. 

For our purpose, however, it will be sufficiently accurate to assume that the 
resistance of the whole train, expressed in pounds per ton, is given by the 
formula 


T = 6i -f 


T 

256 


It follows that the horse-power which must be developed at the driving-wheels 
to maintain a speed of V miles per hour on the level with a train weighing 
W tons is 
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Fig. 5 shows curves of horse-power plotted from this equation for various 
weights of train. From this diagram a glimpse of the problem confronting loco- 
motive engineers at the present day can readily be obtained. 

To illustrate the point consider the case of the Scotch express on the West 
Coast route. ^ This is an historic service and goes away back to 1844, in which 
year the first train left Euston for Carlisle, travelling by way of Bugby, Leicester, 
York, and Newcastle, and occupying 16i hours. It was not until 1847, however, 
that there was a through service to Edinburgh vid Berwick. ^ 

In September 1848 the West Coast service for Edinburgh was established by 
way of Birmingham and Carlisle, the timing being 8 hours 55 minutes to Carlisle, 
and 12 hours to Edinburgh. 

In September 1863 the starting time from Euston was fixed at 10 A.M., and in 
1875 the train ran vid the Trent Valley between Bugby and Stafford, thus cutting 
out Birmingham and shortening the journey to Carlisle from 309 miles to 
299 miles, the timing being 7 hours 42 minutes to Carlisle, and 10 hours and 
25 minutes to Edinburgh. The speed has gradually been increased, and in 1905 



the timing was 5 hours 54 minutes to Carlisle, and 8i hours to Edinburgh, Now 
the timing is 6 hours 48 minutes to Carlisle, but is still 81 hours to Edinburgh. 

Three specific examples are plotted on the diagram, showing the power 
requirements in 1864, 1886, and 1903 for this train. Typical trains in 1864, 
1885, and 1903 weighed, including engine and tender, 100 tons, 250 tons, and 
450 tons respectively. The average speeds were thirty-eight, forty-five, and 
fifty-two miles per hour respectively. A glance at the diagram will show that 
the power required to work this train was about 100 horse-power in 1864, 400 horse- 
power in 1885, and 1,000 horse-power in 1903. 

It inust not be supposed that the increase in the weight of the train means a 
proportionate increase in the paying load. Far from it. On a particular day in 
1903, when the total weight of the Scotch express was 450 tons approximately, 
the weight of the vehicles was about 346 tons. There were two dining-cars on 
ih© train, and the seating accommodation, exclusive of the seats in the dining- 
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cars, was for 247 passengers, giving an average of 1*4 ton of dead load to be 
hauled by the engine per passenger assuming the train to be full. In the days 
before corridor stock and dining-cars were invented the^ dead load to be hauled 
was about a quarter of a ton per passenger for a full train. 

In a particular boat special, consisting of two first-class saloons, one second 
and one third class vehicles, one first-class dining-car, one second and third class 
dining-car, oneikitchen-car, and two brake-vans, seating accommodation was 
provided, exclu^ve of the dining-cans, for 104 passengers, and the dead load to 
be hauled averaged 2‘72 tons per passenger. Notwithstanding this increase in the 
dead load of luxurious accommodation, the fares are now less than in former days 
on corresponding services. Similar developments have taken place in almost 
every important service, and new express services are all characterised by heavy 
trains and high speeds. 

Characteristic Energy-curves of Steam Locomotives, 

This steadily increasing demand for power necessarily directs attention to 
the problem, What as the maximum power which can he obtained from a loco- 
motive within the limits of the construction-gauge obtaining on British railways? 
The answer to this can he found without much ambiguity from a diagram which 
I have devised consisting of a set of typical characteristic energy-curves to repre- 
sent the transference and transformation of energy in a steam locomotive, an 
example of which is given in fig. 6. While examining the records of a large 



Eiq, 6. 

number of locomotive trials, I discovered that if the indicated horse-power Be 
plotted against the rate at which heat energy is transferred across the boiler- 
heating surface the points fall within a straight-line region, providing that the 
regulator is always full open and that the power is regulated by means of the 
reversing-lever — ^that is to say, by varying the cut-off in the cylinders. It is 
assumed at the same time, of course, that the boiler-pressure is maintained 
1910. z z 
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oonsiaiit. I have recently dra,^\ni a series of charactoristic energy- curves for par- 
ticular engines, and these are published in Engine, aring f August 19 and 26, 1910, 
A typical set is shown in fig. 6, ^ . . , . , , . 

The horizontal scale represents the number of British thermal^ units trans- 
ferred across the boiler-heating surface per minute. This quantity is used as an 
independent variable. Plotted vertically are corresponding horse-powers, each 
experiment being shown by a black dot on the diagram. X,ho small figures 
against the dots denote the speed in revolutions of the crank-^xle per minute. 
Experiments at the same speed are linked by a faint chain dotted line. A glance 
at the diagram will show at once how nearly all the experiments fall on a straight 
line, notwithstanding the wide range of speed and power. 

The ordinates of the dotted curve just below the i.h.p. curve represent the 
heat energy in the coal shovelled per minute into the fire-box — ^that is, the rate at 
which energy is supplied to the locomotive. The thick line immediately beneath 
it represents the energy produced by combustion. The vertical distance between 
these two curves represents energy unproduced, but energy which might have 
been produced under more favourable conditions of combustion. Some of the 
unproduced energy passes out of the chimney-top in carbon monoxide gas, but 
the greater proportion is found in the partially consumed particles of fuel thrown 
out at the chimney-top in consequence of the fierce draught which must be used 
to burn the coal in sufficient quantity to produce energy at the rate required. 
The rate of combustion is measured by the number of pounds of fuel burnt per 
square foot of grate per hour. In land practice with natural draft 20 lb. of 
coal per square foot of grate per hour is a maximum rate. In a locomotive the 
rate sometimes reaches 150 lb. per square foot per hour. In the diagram shown 
the maximum rate is about 120 lb. per square foot, and the doited curve begins 
to turn upwards at about 70 lb. per square foot per hour. The vertical distance 
between the curves shows what has to be paid for high rates of combustion. 

I found that in almost every case the curve representing the energy actually 
produced by combustion differed very little from a straight line, passing through 
the origin, showing that at all rates of working the efficiency of transmission is 
approximately constant. That is to say, the proportion of the heat energy actually 
produced by combustion in the fire-box which passes across the boiler-heating 
surface per minute is nearly constant and is therefore independent of the rate ot 
working. 

The lowest curve on the diagram represents the rate at which heat energy 'is 
transformed into mechanical energy in the cylinders of the locomotive. It seems 
a small rate in proportion to the rate at which heat energy is supplied to the 
fire-box, but it is not really so bad os it looks, because the ongino actually trans- 
formed 60 per cent, of the energy which would have been transformed by a 
perfect engine working on the Bankine cycle between the same limits of pressiire. 
The engine efficiency is represented in a familiar way by a curve labelled MI.T.H. 
per i.h.p. minute.* It will be seen that the change of efficiency is small, notwith- 
standing large changes in the indicated horse-power. 

The diagram indicates that the indicated horse-power is practically propor- 
tional to the rate at which heat is transferred across the boiler heating-surface, 
and as this is again proportional to the extent of the heating-surface, the limit of 
economical power is reached when the dimensions of the boiler have reached the 
limits of the construction-gauge, the boiler being provided with a fire-grate of 
such size that, at maximum rate of working, the rate of combustion falls between 
70 and 100 lb. of coal per square foot of grate per hour, A boiler of large heat- 
ing-surface majr be made with a small grate necessitating a high rate of com- 
bustion to obtain the required rate of heat-production. Then, although a large 
power may be obtained, it will not be obtained economically, 

Beturning now to the consideration of the type of locomotive required for a 
local service with frequent stops, the problem is to provide an engine which will 
get into its stride in the least time consistent with the comfort of the passengers. 
The average speed of a locomotive on local service is low. The greater part of 
the time is occupied in reaching the journey speed, and the brake must then often 
be applied for a stop a few moments after the speed has been attained. In 
tbe stations are so close together that there is no period between 
JJ^ardation, Without going into the details of the calculation I 
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may say that to start from rest a train weighing, including the engine, 300 tons, 
and to attain a speed of thirty miles per hour in thirty seconds, requires about 
1,360 i.h.p. During the period of acceleration the engine must exert an average 
tractive pull of nearly fifteen tons. 

Mr. James Holden, until recently locomotive engineer of the Great Eastern 
Railway, built an engine to produce an acceleration of thirty miles per hour in 
thirty seconds T^th a gross load of 300 tons. The engine weighed T8 tons, and 
was supported on ten coupled wheels each 4 feet 6 inches diameter. There 
were three high-pressure cylinders, each ISg inches diameter and 24 inches 
stroke. A boiler was provided with 3,000 square feet of heating surface and a 
grate of 42 square feet area. Boiler pressure, 200 pounds per square inch. This 
engine practically reached £he limit of the construction-gauge. 

An acceleration of thirty miles per hour in thirty seconds is considerably below 
what may be applied to a passenger without fear of complaint. But it is clear that 
it is just about as much as a locomotive can do with a train of reasonable weight. 
Even with a gross load of 300 tons nearly one-third of it is concentrated in the 
locomotive, leaving only 200 tons to carry paying load. The problem of quick 
acceleration cannot therefore be properly solved by means of a steam locomotive. 
But with electric traction the limitations imposed on the locomotive by the con- 
struction-gauge and by the strength of the permanent way are swept away. 

The equivalent of the boiler power of a dozen locomotives can be instan- 
taneously applied to the wheels of the electric train, and every axle in the train 
may become a driving axle. Thus the whole weight of the stock, including the 
paying load, may be utilised for tractive purposes. If, for instance, the train 
weighed 200 tons, then a tractive force equal to one-fifth of this, namely, forty 
tons, could be exerted on tHe train, but uniformly distributed between the several 
wheels, before slipping took place. The problem of quick acceleration is therefore 
completely solved by the electric motor. 

Electric Railways, 

December 18, 1890, is memorable in the history of railway enterprise in this 
country, for on that date the City and South London Railway was opened for 
traffic, and the -trains were worked entirely by electricity, although the original 
intention was to use the endless cable system of haulage. This line inaugurated 
a wonderful system of traction on railways in which independent trains moving 
at different speeds at different parts of the line are all connected by a subtle 
electric link to the furnaces of one central station. 

Since that epoch-marking year electric traction on the railways of this country 
has made a gradual if somewhat slower extension than anticipated. But electri- 
cally operated trains have in one branch of railway working beaten the steam 
locomotive out of the field and now reign supreme — ^that is, in cases, as indicated 
above, where a quick frequent service is required over a somewhat short length 
of road. The su^riority of the motor over the steam locomotive, apart from 
questions of cleanliness, convenience, and comfort, lies in the fact that more power 
can be conveyed to the train and can be utilised by the motors for the purpose of 
acceleration than could possibly be supplied by the largest locomotive which could 
be constructed within the limits of the construction-gauge. There are many other 
considerations, but this one is fundamental and determines the issue in many 
cases. 

A few facts relating to the present state of electric railways in the TJnited 
Kingdom may prove of interest. At the end of 1908 there were in the United 
Kingdom 204 miles of equivalent single track worked solely by electricity and 
200 miles worked mainly by electricity, corresponding to 138 miles of line open for 
traffic. Of this 102 m&es belong to the tube railways of London and 201 miles 
to the older system formed by the District and the Metropolitan Railways and 
their extensions. 

It is not an easy matter to ascertain exactly how much capital is invested 
in these undertakings for the purpose of electric working alone, since some of 
the lines originally constructed for a steam locomotive service have been converted 
to electric working. On the converted lines there is the dead weight of capital 
corresponding to the locomotive power provided before electrification took place. 
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capital invested in the 102 miles of tube railways in London is a little over 
25,000,000?. 

The total number of passengers carried {exclusive of season tickets) on the 
138 miles of electrical track during the year 1908 was nearly 342 millions, being 
roughly one-third of the total number of passengers carried on all the railways 
of England and Wales during the same period. 

The average cost of working this traffic is 22‘3d!. per train-mile. This figure 
includes the service of the lifts, which is presumably returnea with the traffic 
expenses. The charges work out in this way : — 


Table IV. 


Average Worhing Cost 'per Train-mile of the Electric Bailwayn toothed wholly or 
mainly by Electricity in England and Wales for the Year 1908. 


Pence per train-mile. 


Locomotive power . , . 8*40 

Repairs and renewals of carriages and waggons , . . 1-50 
Maintenance of permanent way 2*40 

Traffic expenses 5*22 

General charges 1-52 

Rates and taxes 2*36 

Government duty 0*088 

Compensation 0*116 

Legal and miscellaneous . . 0*75 


Total 22*35 


The corresponding total receipts were 38*65d. per train-mile. The working 
expenses are thus 58 per cent, of the total receipts. Comparing this with the 
figures given above for tHe whole of the lines in England and Wales, it will 
be seen that the cost for locomotive power on the electric railways appears to be 
about two-thirds of the cost on steam lines per mile run, the cost for repairs 
and renewals of carriages and waggons about one-half, and the cost for traflBc 
expenses about one-half. 

The two kinds of working are not, however, strictly comparable, as all the 
conditions of traffic in the two cases are different and the length of the electric 
lines is relatively so small that the problems which arise out of the transmission of 
electric power over long distances are excluded. The traffic expenses and the cost 
of repairs and renewals of carriages and waggons, general charges, &c., are 
practically independent of the kind of power used for locomotive purposes, and, 
moreover, the difference in weight of electric trains and the steam-hauled trains 
is on the average so great that no comparison can be instituted without ton-mile 
statistics.* 

Method of Worhing. 

With two exceptions the method of working the electrified lines of this country 
is in the main the same. A third conductor rail is laid on insulators fixed to the 
ordinary track sleepers, and is maintained throughout the whole of its length at as 
nearly as possible a pressure of 600 volts, except in a few cases where the pressure 
is 500 or 660 volts. Collecting shoes sliding along the rails are fixed to the 
trains, and through them cm'rent is- supplied to the armatures fixed to or geared 
with the axles. The current flows through the armatures back to the stations 
or sub-statdon|i through the running rails, which are bonded for the purpose, or 
sometimes through a fourth rail carried on insulators fixed to the track sleepers 
as in the cases of the District and Metropolitan Railways. 

Differences in the equipment arise out of the geographical necessities of the 
distribution. Eor a short line the power is produced at a central station and is 

valuable information regarding the cost of converting the line between 
Southport from steam to electric working will be found in 
Mr*: presidential address to the Institution of Mechanical Engineers. 





City and Scuth 
London 

Liverpool 

Overhead 

4 



Date opened . 

Dec. 18, 1S90 

Peb. 1893 

Length of line, in 
mfies, on Dec. 31, 
1908 ; equivalent 
double track 

7-25 

6*5 

Gauge 

4 feet 8| inches 

4 feet ^ inches 

Average distance 
between stations/ 
in miles 

0-4 

0-38 

Average schedule 
speed, in miles 
per hour 

15 

19 

Voltage, at conduc* 
tor rail 

600 

600 

Sj^stem . ... 

3rd rail 

Insulated 3rd and 
4th rails 

Power produced at - 

600 and 1,000 
volts D.O. 

1,100 volts D.a 

Distribution . 

S-wire and 5-wire 
system ; D.O. ; 
motor gene- 
rators, in 2 sub- 
stations 

Converted to 
600 volts at 
sub-stations 

H.P, of generating 
station 

6,000 

3,000 

Trains 

Electric loco- 
motive and 
vehicles 

Motor cars and 
trailers 

Paid-up capital, in- 
cluding Loans and 
Debenture Stock 

:e2,9?3,876 

^861,442 

Total receipts, 1908 

^176, 199 

:fi76,036 

Net receipts . 

jfi9J,526 

^15,363 

Expenditurepercent, 
of total receipts 

48 per cent. 

80 per cent. 
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Some PtiTtlciilars of the EleotHc Railrvays in the 'United Kingdom, 1910, 
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distributed by feeders to the conductor rail direct. For longer lines power is 
produced at higher voltage (11,000 volts in the case of the District Railway), 
pd is then distributed to sub-stations conveniently placed along the line where 
it is transforrncd to a lower voltage, converted to direct current, and then by 
means of feeders is distributed at 600 volts or thereabouts to the third rail. 

In 1908 the Midland Railway Company opened for traffic the electrified line 
connecting Lanc|ster, Morecambe, and Heysham. The method of electrification 
was a departure from the general direct current practice hitherto applied to 
electrified lines in this country. Power was supplied to the trains at 6,600 volts, 
single phase, at twenty-five alternations per second, along an overhead conductor. 
The pressure was reduced by transformers carried on the motor-coach itself, and 
was then used by single-phase motors. The traffic conditions on this line are 
simple. 

In December 1909 the electrified portion of the London, Brigh'ton, and South 
Coast Railway from Victoria, round by Denmark Hill to London Bridge was 
opened for traffic. This work marks an epoch in the history of electric traction 
in England. For the first time the single-phase system was applied to meet the 
exacting traffic conditions of a London suburban service where the main condition 
is that the trains should be accelerated rapidly. The system has shown that it 
can meet all the conditions of the service perfectly. Energy is purchased and is 
distributed by overhead conductors direct to the trains at 6,600 volts, single 
phase, at twenty-five alternations per second where it is used by the single-phase 
motors after suitable transformation by apparatus carried under the motor car- 
riage. The results of this electrification will be of unusual interest, because not 
only has the method applied shown itself to be quite suitable for dealing with a 
stopping traffic where quick acceleration is the dominating condition, but it con- 
tains the germ of practicable long-distance electrification. The near future may 
see the extension of the system to the line between London and Brighton, giving 
a frequent non-stop service which would bring Brighton in point of time nearer 
than the suburbs on opposite sides of London are to one another. 

Some particulars of the electric railways of the country are given in Table V. 
More details will be found in a table published annually by the liJiectrician entitled 
‘Tables of Electric Lighting, Power, and Traction Undertakings of the United 
Kingdom ’ and in the Railway Returns of the Board of Trade. 

Power Signalling. 

During the last ten years a considerable number of trial installations of power- 
signalling apparatus have been made by thq railway companies of this country. 
The electric lines have generally adopted power signalling, and the District 
Railway has installed a complete system on all its lines and branches. 

The term ‘ power signalling * is applied to any equipment in which the actual 
movements of the points and signals are done by power, the signalman’s work being 
thus reduced to the movement of small light control levers or switches. Of the 
several systems tried and proposed throe bulk largest in the equipments applied 
in this country, namely, the all-electric, the low-pressure pneumatic, and the 
electro-pneumatic systems. 

The ‘ all-eloctric ’ system is represented by installations of the McKenzie- 
Holland and Westinghouse system on the Metropolitan and Great Western Rail- 
ways, by installations of the ‘ Crewe ' system on the London and North Western 
Railway, and by installations of Siemens Brothers on the Great Western Railway. 
The general feature of the all-electric system is that the points are operated by 
motors sunk in a pit by the side of the rails, the signals are pulled off electrically, 
and all the apparatus is controlled electrically. 

The low-pressure pneumatic system is represented by installations on the 
London and South Western Railway and the Great Central Railway. The points 
and signal arms are moved by air compressed to about 20 lb. per square inch, 
and led to cylinders connected to the points and to the signal-arms. The control 
is also done by means of compressed air, small pipes leading from each air-cylinder 
to the cabin. 

The electro pneumatic system has found most favour in this country up to 
the present time. The equipment installed includes such notable stations as the 
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Central at Newcastle with 494 levers, and the Glasgow Central with 374 levers, 
and the whole of the Metropolitan District system of underground railways. In 
this system an air-cylincler is connected to each sot of points and to each signal- 
arm. Air compressed to 65 lb. per square inch is supplied to the cylinders from a 
main running alongside the railway kept charged by small air-compressors placed 
at convenient intervals. Each air-cylindcr is provided with a small three-way 
air-valve operated by an electro-magnet. The movement of ^ach air-valve is 
controlled electrically from the cabin through the electro-magnet associated with 
it. The system grouped round any one signal-cabin may be regarded as an engine 
fitted with a large number of cylinders, each working intermittently by com- 
pressed air, and where in each the valve-rod has been changed to an electric cable, 
all the cables being led to a signal-cabin where the operation of the valves is done 
by means of an appai‘atus which is as easily played upon as a piano, with this 
difference, however, that the notes are mechanically interlocked so that a signal- 
man cannot play any tune he pleases, but only a tune which permits of safe traffic 
movement. Moreover, the instrument is so arranged that the movement of the 
small lever determining the movement of a signal-arm cannot be completed unless 
the signal-arm actually responds to the intention of the signalman* thus detecting 
any fault in the connections between the box and the arm. 

The obvious advantage of power signalling is the large reduction of physical 
labour required from the signalman. His energy can be utilised in thinking 
about the traffic movements rather than in hauling all day at signal levers. One 
man at a power frame can do the work of three at the ordinary frame. The 
claims made for power signalling, in addition to the obvious advantage of tlm 
reduction of labour, are binefly that the volume of traffic which can be dealt with is 
largely increased, that the area of ground required for the installation is con- 
siderably less than with the ordinary system, with its rodding, bell-crank levers, 
chains, and pulleys, and that where the conditions are such that power signalling 
is justified the maintenance cost is less than with a corresponding system of normal 
equipment. 


Automatic Signalling* 

Several of the power-signalling installations are automatic in the sense that 
between signal-cabins on stretches of line where there are no junctions or crossover 
roads requiring the movement of points, the movement of the signal-arm protecting 
a section is determined by the passage of the train itself. Tlxe most important 
equipment of this kind is that installed on the group of railways forming the 
‘ Underground * system. This includes the District Railway with all its branches. 
On this line the particular system installed is the electro-pneximatic, modified to be 
automatic except at junctions. Signal-cabins are placed only at junctions and at 
places where points require to be operated. The stretch of line to be automatically 
signalled is divided into sections, and the entrance to each section is guarded by a 
signal-post. Calling two successive sections A and B, the train as it passes from 
Section A to Section B must automatically put the signal at the entrance to B 
to danger, and at the same time must pull off the signal at the entrance to A. 
These operations require the normal position of the signal-arm to be ‘ off * instead of 
at danger, as in the usual practice. The position of the arm in this system conveys 
a direct message to the driver. If * on * he knows that there is a train in the 
section ; if ‘ off ’ h© knows that the section is clear. Each signal-arm is operated by 
an air motor as briefly described above, but the cables from the valves are now led 
to relays at the beginning and end of the section which the signal protects. 
The contrivance by means of which the train acts as its own signalman is briefly 
as follows. One rail of the running track is bonded, and is connected to the 
positive pole of a battery or generator. The opposite rail is divided into sections, 
each about 300 yards long, bonded, but insulated at each end from the rails of the 
adjacent sections and each section is connected to a common negative main 
through a resistance. A relay is placed at the beginning and at the end of each 
section, and is connected across from the positive to the negative rail. Current 
flows and energises the relay, in which condition the relay completes a circuit to 
the electro-magnet operating the admission-valve of the air-cylinder on the signal- 
is admitted, and^ the signal-arm is held ofl. This is tho normal condition 
at each end of the circuit. When a train enters a section it short-circuits the 
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relays through the wheels and axles, in consequence of which the relays, de-ener- 
gised, break the circuit to the admission- valve, which closes, and allows the air 
in the cylinder to escape, and the signal-arm, moved by gravity alone, assumes 
the ‘ on ’ or danger position. At the same time the short circuit is removed from 
the section behind, directly the train leaves it, the relays are at once energised, the 
admission- valve to the air-cylinder on the protecting post of the section is opened, 
air enters, and |^e signal is pulled down to the ‘ off ’ position. 

The speed at which traffic can be operated by this system of power signalling 
is remarkable. At Earl’s Court junction box forty trains an hour can be passed 
each way — that is eighty per hour — ^handled by the one signalman in the box. 
As the train approaches the box both its approach to the section and its destination 
must be notified to the signalman. When it is remembered that with ordinary 
signalling, to take an express train for example, a signalman hears some twenty- 
four beats on the gongs in his box, and sends signals to the front and rear box 
which give altogether some twenty- four beats on the gongs in these two boxes, 
forty-eight definite signals in all, for every express train he passes into the section 
which his signals protect, it will be understood that the system must be profoundly 
modified to admit such a speed of operation as eighty trains per hour per man. 
The modification is radical. No gong signals are used at all. There is a small 
cast-iron box standing opposite the signalman with fifteen small windows in it, 
each about an inch and a half square. Normally each window frames a white 
background. A click in the box announces the approach of a train, and a tablet 
appears in one of the empty windows showing by code the destination of tho 
train. The signalman presses a plug in tho box, a click is heard, and a tablet 
is seen in a precisely similar apparatus in the next box. When the train passes 
the man presses another plug and the tablet disapiooars. 

Four wires run between the signal-boxes along tho railway, and by combining 
the currents along the four wires in various ways fifteen definite signals can be 
obtained, a number sufficient for tho District traffic. Each of the fifteen 
combinations is arranged to operate one particular tablet in the box. Current from 
these four wires is tapped off at intermediate stations and is used to work a train 
indicator showing the 'passengers assembled on the platform the destinations of the 
next three trains. The whole equipment is a triumph of ingenuity and engineering 
skill, and is a splendid example of the way electricity may be used to improve the 
railway service quite apart from its main use in connection with the actual driving 
of the trains. 

The facts and problems I have brought before you will, I think, show the 
important influence that scientific discovery has had upon our railway systems. 
Scientific discovery and mechanical ingenuity have reduced the cost of locomotive 
working to a point undreamt of by the pioneer locomotive builders. Electric 
railways are the direct fruit of the discoveries of Faraday. Tho safety of the 
travelling public was enormously increased by tho invention of continuous brakes 
and by the discovery of the electric telegraph, and is greatly increased by the 
dovolopmcnt of modern methods of signalling; and the comfort of travellers 
is increased by modern methods of train-lighting, train-warming, and the train 
kitchen. Inventions of a most ingenious character have from time to time been 
made in order to furnish a steady and ample -light in the carriages. The smooth- 
ness of travelling on our main lines is evidence of the thought which has been 
lavished both on the wheel arrangements of the carriages and on the permanent 
way. Problems in connection with the continuous brake are many and interest- 
ing. Some of the problems of modern signalling would have quite baffied the 
scientific electrician a quarter of a century ago. When engineers endeavour to 
apply the results of scientific discovery they often find themselves confronted by 
new problems unperceived by the scientist. Together they may find a solution and 
thus enlarge the boundaries of knowledge and at the same time confer a practical 
advantage on the community. The pure scientist, the practical engineer, act and 
react on one another both to the advantage of pure science and to the advantage 
of the national welfare. The future success of our ^railways depends upon the 
closer application of scientific principle both to the economic and engineering 
problems involved in their working, some decrease in unprofitable competition 
with one another, and a more just appreciation on the part of the* State of the part 
railway companies play in our national well-being. 
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The following Paper was then read ; — 

The Testing 0 / Lathe Tool SteelsJ 
By Professor W. Eipper, I).Eng*, MJnsLO.E. 

A great deal of testing of lathe cutting tools has been done in the past by 
various experimenters, and is being done every day by steel 
their own information, but there is, unfortunately, an entire absence of uniformity 
oP standard in the making of these tests. There are two methods of testing 
most commonly adopted. The first is to find the length of time the tool will 
run in the lathe under a given set of constant conditions before requiring 
regrinding j the second is to find the cutting speed which shall cause the edge 
of the tool to be completely ruined in twenty minutes. 

Tests rei^reseuting prolonged durability are of doubtful value. It is more^ to 
the purpose to know the highest cutting speed which may be maintained during 
some practical period of time— say, twenty or thirty minutes — without rc- 
grinding. 

Mr. Taylor recommends that in the case of the twenty minutes* tost about 
eight tools of each kind should bo prepared — say, 3^ by and about 18 inches 
long — treated and shaped in every way alike. They should then be run one tool 
after another each for a period of twenty minutes, and each at a little faster 
cutting speed than its predecessor, until the cutting speed has been found which 
will cause the edge of the tool to be completely ruined at the end of the twenty 
minutes. This speed is then called the ‘standard speed.* 

As an improvement on each of the previous methods of testing the writer 
submitted a new method, which he calls the ‘ speed-increment test,’ and which he 
has found to give reliable results with a minimum expcndituie of time and 
material. 

The method is as follows : — 

A testing lathe sufficiently large for the purpose, and driven electrically, is so 
fitted as to be capable of a very line adjustment of speed of rotation. The tool 
to be tested is started on a standard cut— say, i by testing lathe at a 

surface speed of, say, 30 feet per minute, and the cutting is allowed to proceed 
under a gradually increasing rate of speed by equal increments of one foot per 
minute, each minute throughout the test, until the tool breaks down. That is to 
say, the speed increment is increased gradually and regularly while the tost is 
proceeding, in the same way as the load increment is increased in the tensile test 
of a steel bar in the testing machine. Then, if the moan cutting speed in indies 
from start to finish of the trial be multiplied by the duration of the trial in 
minutes and by the area of the cut, the result is equal to the number of cubic 
inches of material turned off by tlie tool during the test, and this is the measure 
adopted to represent the merit of the tool. 


FEW AY, SEPTEMBElt 2. 

The following Report and Paper wore read 

1. ThM Befort on Gaseous Explosions . — See Reports, p. 199. 


[2, The Testing of Files.^ By Professor W. Ripper, D.Bng., MJnstC.E, 

The writer is not aware of the existence, until recently, of any method of 
testing the cutting power of files, except by handing the files to skilled worlonen 
and obtaining their reports upon them. This method is obviously open to grave 
objections, but a few years ago the Herbert file-testing machine was introduced, 

^ Published in Engineering, September 9, 1910. 
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and, as a result, files are now required to reach a certain standard of cutting 
power. A description of this machine with illustrations was given. 

Unfortunately very early in the history of the machine doubts were enier- 
taiiied as to the accuracy of the results obtained by it, as files known to be 
good were condemned by it. 

Eventually the writer was asked to report on the Herbert file-testing machine, 
and a large number of tests were accordingly made. The results of these were 
in many cases normal, but in others they showed extraordinary differences of 
effectiveness of cutting power, not only among files said to be in all respects alike, 
but between the two opposite sides of the same file. 

The writer reported that the machine appeared to be defective in one im- 
portant point — namely, that it treated the file as a machine tool instead of as a 
hand tool; thus in the machine the file moves across the face of the test bar 
through an absolutely constant path, the respective teeth of the file each stroke 
working in identically the same graves or furrows on the face of the test- bar 
stroke after stroke. The result is that the face of the woi'k occasionally becomes 
glazed in appearance and the file ceases to cut, though the file itself may not be 
worn out. In the case of hand-filing no two strokes are made in exactly the same 
direction. The conditions, therefore, under which the tests are made in the 
machine differ from those under which the file is worked in actual practice, and 
this difference works, at least in some cases, to the disadvantage of the file. 

For the purpose of removing this objection the writer has devised an 
addition to the Herbert machine, by means of which the path of the file in the 
machine is no longer a constant one, but changes its direction stroke by stroke 
as in the case of hand-filing. To secure this the file is no longer held rigidly at 
its two ends, but is connected by ball-joints, the effect of which is ecpnvalent to 
that of a wrist movement at each end of the file. The variation of the path of 
the file each stroke is obtained by slightly shifting the position of one end of 
the file, relatively to the other end, by a simple mechanism during each return 
stroke, so that on the following working stroke it moves in a different path from 
that which it had in the preceding stroke. The means by which this movement 
is obtained will be explained and illustrated by diagrams. 

The addition of this arrangement to the Herbert file-testing machine has 
resulted in the removal to a large extent of the irregular results previously 
obtained from files of similar quality. 


MOlSlDAry SEPTEMBEli 6. 

The following Papers were read : — 

1. The Electrification of the London,, Brighton, and South Coast Eailway 
j, , between Victoria and London Bridge. By Philip Dawson. 


2, On the Use of an Accelerometer in the Measurement of Boad Resistance 
and Horse Power.^ By H. E. Wimpebis, M,A., Assoc.MJnsLO.E. 

The author described the form of accelerometer recently invented by him and 
constructed by Messrs. Elliott Bros. Th© instrument consists of a brass box 
about four inches across containing a copper disc mounted on a vertical pivot 
and * damped ’ in its motions by a permanent magnet. The c.g. of the disc is 
purposely removed from the axis so that, when the box moves forward, one side 
of the disc tends to lag behind, thus partially winding up a coiled spring aiid 
actuating a pointer which moves over a scale. To render the reading unalfected 
by any accelerations at right angles to the direction of motion, a second parallel 
axis is fitted, which is geared to the first one, and has attached to it masses having 
the same mass moment as the disc itself. Couples about these two axes a(]d up in 
the direction of motion, but neutralise one another in any direction at right angles. 

* Published in the Engintar, September 16, 1910. 
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The accelerometei* therefore reads in one of the tiireo directions of space only, 
and is not affected by even violent movements in the other two diix‘ctions. 

With this instrument the author has measured the road resistfincc of various 
classes of road and has obtained figures varying from 50 to 210 lb. ]H‘r ton. On 
main line railways the resistance is usually from 12 to 20 lb. pei' ton, depending 
on the speed. Measurements have also been made of the ix^sistjuKie fo motion 
when a motor car is coasting. In this way the h.p. and fhe jnginc friction can 
be measured and a figure for the mechanical efficiency bo obtained. 

The conclusions reached may be summed up as follows. .By the use of ilic 
accelerometer road resistances can be read off at sight ; the air resistance of various 
shapes of car body can be 'determined; the b.h.p. and i.h.p. of the engine cait be 
obtained for various speeds ; and it is possible to trace step by step the losses of 
power in transmission to the road wheels. 


3. The Cyclical Changes of Teni'pemture in a Gas-engine Cylinder near the 
Walls, By Professor B. 6. D£c, 

Experiments described in EngineeTing for October 191 )S show that the tempera,- 
ture at the inner surface of a small gas-ongine is about 240® 0., and U»e cyclical 
variation is usually less than 10® 0. 

The steady conditions of low temperature at the wa,ll-siirface arc maintained 
by the jacket-water, although the explosion of the gaseous mixture prodiutes very 
great changes of temperature close to the walls. 

This variation has not hitherto been measured for a con^pleto cytilo owing to 
the difficulties which occur in measuring the highest temperature of thes explosion. 
In order to obtain the cyclical variation near the walls, a couple was made of an 
alloy of 10 per cent, iridium and platinum, with a pure platinum wire, and this 
was secured in a metal plug so that it projected i inch into the cylinclor. On light 
loads and weak mixtures the cycle remained unbroken, but near full load the 
platinum wire melted. 

Couples made from lO-jwr-cent. alloys of iridium and rhodium with platinum 
were afterwards used, having an electromotive force E above 500® 0. given by 
E = — 174 -h 7*6075 T - 0*00167 T“, where T is the temperature centigrade. The 
junctions were rolled down to five or six ten- thousandths of anineffi thickness and 
inserted at a depth of i inch from the eylindor-wall. 

These couples were able to withstand the highest temperatures near the walls, 
and they were not melted except during abnormal explosions. 

Measurements of the cyclical variations showed a variation of E.M.F. lying 
between 1*66 and 7*83 milii- volts with an average cold junction temperatnro of 
30® C. The temperature variation corresponding to those values ranges bet warn 
250® 0, and 1700° 0. 

In estimating the highest temperature reached, the upper limit of temperature 
is indicated by the partial melting of one of the wires when the engine ran above 
its full normal load, and tho lower limit is indicated by the molting of platinum 
wire. The melting-point of platinum is 1730 ds 6® 0., and, in the absence of 
definite values of the melting-points of the alloys used, it is assumed that both 
are below the melting-point of iridium, for which Violle’s valuo is 3950® 0. The 
probable causes of error in the measurements are discussed, and the conclusion is 
reached that the temperature at the place of measurement has a maximum value 
between 1850® and 1900® C. 


4. The Value of Anchored Tests of Aerial Propellers^ By W. A. ScoBiiK. 


Joint Disemsion with Section A on the Principles of Mechanical PlighL 
Opened hy Professor Q. H. Bryak, F,R£, 


^ Published in Engineering, September 9, 1910. 
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TUESDAY, SEPTEMBEB 6, 

The following Papers were read : — 

1. The Optical Determination of Stress} 

By Professor E. Gr. Coker, M*A,, D,Sc. 

The experimental determination of the stale of stress in a body by purely 
mechanical means and apparatus has the disadvantage that it is necessary for 
accuracy of measux'enient that a definite length, area, or volume be maintained in 
a standard condition, and the stress at a point cannot therefore be accurately 
determined if the stress is a rapidly varying one. 

The property possessed by glass of becoming doubly refractive under stress 
has been frequently utilised to determine the state of plane stress at a point in it 
by the colour fringes produced, but the difficulty of forming any but the simplest 
objects in glass has prevented its extensive use for experimental work. 

Other substances have been tried, and a preparation of nitro-cellulose in com- 
mercial use has been found which answers exceedingly well for experimental 
work. Its properties are very different from glass, and experiments show that 
the modulus for tension is approximately 300,000 in pounds and inches and tlie 
value of ‘Poisson’s’ ratio 0-37, plate-glass having the corresponding values of 
10*5 X 10“ and 0*227 respectively. For determining stresses a method of matching 
colours is adopted, in which a uniformly stressed test-bar is loaded until the 
colour produced by the retardation of a plane or circularly polarised ray corre- 
sponds to that produced at a point in the object under stress. The relative 
retardations R of the ordinary and extraordinai'y rays is assumed to be similar to 
glass and to follow the law expressed by R = C (X — Y) T, where X, Y are the 
principal stresses at a point, T is the thickness of the material and 0 is an optical 
constant. 

The stresses at the cross-section of an eccentrically loaded tie-bar and at the 
principal section of a hook are shown to be in fair agreement with theory. 

To determine the lines of principal stress in a body the loci of points at which 
the directions of the principal stresses are the same are found by using plane 
polarised light, and from the curves so found the directions of the principal 
^stresses are determined. 

From the curves of principal stress, coupled with a knowledge of the position 
of the isochromatic lines, the stresses at any point may be determined by the use 
of Maxwell’s method. 

2. On the Direct Measurement of the Rate of Air or Gas Supply to 
a Gas-Engine by means of an Orifice and ^J-Tube} By Professor 
W. E. Dalby, MA., MJnsLCM. 

An orifice in conjunction with an anemometer was used to measure the air- 
supply at the Ashton trials of the Committee of the Institution of Civil Engi- 
neers, and more recently Professor Ashcroft contributed a paper to the Institu- 
tion of Civil Engineers describing a method of using an orifice in conjunction 
with a specially designed indicator to measure the difference of pressure on the 
two sides of the orifice. In the Ashton trials the air-supply is inferred from the 
anemometer readings, and in Professor Ashcroft’s method the air-suppiy is 
inferred from the difference of pressure in conjunction with the orifice, which 
was made about the same size as the suction-pipe of the engine, in consequence of 
which the difference of pressure was very small. In each case calibration was 
effected by driving the engine from the crank-shaft end, and then from indicator 
diagrams deducing the weight of air passing through the orifice. This deduction 
cannot be made accurately unless the temperature can be accurately measured at 
one point on the indicator diagram. In neither case could this temperature be 
measured. The gas-engine used by the author is fitted with apparatus by 
means of which the temperature corresponding to the pressure and volume 

^ Published in the Phil, Mag., October 1910. 

^ Published in Engineering, September 9, 1910, 
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at an assigned crank-anglo can be accnrately measured with a platinum 
thermometer. Thus all the data are observed from which the weight of air 
drawn through the orifice per cycle can be computed. Indicator diagrams were 
taken with an optical indicator giving accurate results. Every indicator-card 
was calibrated for pressure in dtu. The peculiarity of the method is that a rela- 
tively small orifice is used— -so small, in fact, that the difference of presaurt^ on 
the two sides of it is equivalent to about one foot of water under normal con- 
ditions of running. This difference of pressure can then be mfllasurod by means 
of a U-tube, and small variations of head arc easily observed. Numerous 
experiments established the fact that the coefficients of the orifices tried were 
practically constant and equal to 0-6. The gas-supply can be measured through 
an orifice in the same way. Hence the mixture of air and gas passing into the 
cylinder can be obtained from two readings, with suitable corrections for 
density, at any time during the run. The orifices, in combination with their 
U-tubes, become rate measurers, the one giving the rate at which air is supplied 
to the engine, and the other the rate at which gas is supplied. 


3. The Laws of Elcetro-Mechmiics} 
By Professor S. P. Thompson, FM.S. 


L The Testing of fleat-insulaUng Materials} By Frebertck Bacon. 


5. A New Method of 'producing High4ension Electrical Discharges} 

By Professor E. Wilson and W. H. Wilson. 

According to this method energy is taken from an alternating or continuous 
current source and stored in a magnetic field by an inductance; it is then per- 
mitted to surge into a condenser, which forms with the inductance a km fre- 
quency oscillatory circuit. When the energy is accumulated in the condenser 
the latter is mechanically bridged across the primary winding of an induction 
coil, with which it forms a Mffk frequency oscillatory circuit. The energy is 
then transmitted by the secondary winding of the induction coil to the work 
circuit, and can be of an oscillatory or uni-directional character according to the 
purpose in view. The apparatus is light, efficient, and cheap, and is especially 
suitable for radio-telegraphy, a-ray, ignition, and other work in wlii(ih high 
tension electricity is employed. 


WEDNESDAY, SEPTEMBER 
The following Papers were read : — 

1. Gravity Self-raising Boilers} By E. W. Wbekes. 


2. The Mechanical Hysteresis of Buhher} By Professor Ax^preb Sghwaetp^. 

The increasing importance of the applications of rubber in the Arts calls for 
carefully standardised tests of the properties of this material. 

_ The physical properties of rubber of which use is made in industrial work are 
its elasticity, compressibility, extensibility, tenacity, flexibility, adhesiveness, 


^ Published m abstract in Engineering, September 16, 1910. 

Published m Engineering, September 16, 1910. 

* Published in the Electrician, September 9, 1910. 

^ October 14, 1910. ♦ 

' %] Tf 101^^ ®^ec*ncaZ Seview, September 23, 1910, and in JSngineerin/j, 
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resistance to certain chemical agents, impermeability to water, solubility in 
certain liquids, and electrical resistance and dielectric strength. 

The methods of testing employed at the present time consist in chemical 
analysis and in the dotennination of the elongation and load at rupture and of the 
sub -permanent set resulting from a given extension maintained for a given time. 

It is evident that the chemical tests can give no indication with regard to 
many of the phy^cal properties enumerated above, and it would seem that their 
true function lies in the determination of causes, while the mechanical tests 
should deal with the effects produced by these causes in the commercial product. 

The mechanical tests should then form the primary tests of both the manu- 
facturer and the purchaser, and should, when necessary, be supplemented by the 
chemical tests, either as confirmatory tests or for the elucidation of the causes 
of the defects indicated by the mechanical tests. In the case of raw rubbers the 
chemical tests give little or no indication of the value of the product for indus- 
trial purposes, and it is suggested that test pieces for such materials should be 
prepared from the so-called * Admiralty mixing,* consisting of 60 per cent, 
rubber, 3 per cent, sulphur, and 37 per cent, zinc oxide, and be subjected to the 
hysteresis tests hereinafter described. 

The author has designed a machine in which a specimen of rubber of 
standard dimensions is loaded at a given rate to a given percentage of its 
breaking load. The load is then removed at the same rate, and a graphical 
record is obtained on the chart table. of the machine of the extension and 
retraction curves. 

Rubber possesses very considerable mechanical hysteresis, and a considera- 
tion of the loop diagram obtained from the machine enables the following 
physical quantities to be determined for any given test piece ; — 

(1) The rate of extension with load. 

(2) The work done in extension. 

f3) The work done by the rubber in retracting. 

(41 The work expended in the rubber itself. 

(6) The sub-permanent set remaining after a given extension. 

The limits of the hysteresis loop may also be set in terms of extension 
in place of load as already stated. The author finds that for a given rubber the 
following laws hold good : — 

(a) The load per unit area of the initial cross-sectional area of the test 
piece is constant for a given extension of the test piece and independent of the 
cross-sectional area of the specimen within certain limits. 

(h) The work done in extension, in retraction, and in the rubber itself is 
within certain limits proportional to the cross-sectional area of the test piece, 
and is directly proportional to the length of the specimen with a given percentage 
extension. 

On the completion of the first cycle of extension and retraction the specimen 
may be subjected to a series of similar cycles the limits of which may be set 
either by a given maximum extension or a given maximum load. 

For high-grade rubbers the areas of the loops for successive cycles become 
constant after about the sixth loop, when the subsequent cycle loops are taken 
up to the same maximum load as that for the first loop. 

The author finds that tho extension for a given load limit increases with 
each successive cycle, and that the rate of increase follows a logarithmic la’v« 
from the second cycle onwards. 

Applications of tho hysteresis test are given to the determination of various 
grades of rubber, of the quantity of rubber in a given mixing, of the degree of 
vulcanisation, and of the deterioration due to age or high temperature. 


3. The Utilisation of Solar Radiation, Wind Power, and other Natural 
Sources of Energy. By Professor Pessenden. 


Ex'perimental Investigation of the Strength of Thich Cylinders. 
By G. Cook. 
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Section H.— ANTHEOPOLOGY. 
President of the Section. — W. Ckooke, B.A. 


THURSDAY, SEPTEMBER I. 

The President delivered the following Address : — 

One-and-thirtv years have passed since the British Association visited this city. 
At that time anthropology was in the stage of probation and was represented by a 
branch of the section devoted to biology. Since then its progress in popularity 
and influence has been continuous, and its claims to be regarded as a science, 
with aims and capabilities in no way inferior to those of longer growth, are now 
generally admitted. Its advance in this country is largely due to the distin- 
guished occupant of this chair at our last meeting in Sheltield, .Dr. HI. B. Tylor, 
who during the present year has resigned the professorship of anthropology in the 
University of Oxford. Before this audience it is unnecessary for me to describe 
in^ detail the services which this eminent scholar and thinker has rendered to 
science. His professox'ial work at Oxford; his unfailing support of the Koyal 
Anthropological Institute and of this section of the British Association; his 
sympathetic encouragement of a younger gener!i.iion of workers — ^theae are 
familiar to all of us. Many of those now engaged in anthropological work at 
home and abroad date that interest in the study of man, his culture and beliefs, 
which has given a new pleasure to their lives, from the time when they first 
became acquainted with his “Primitive Culture’ and ‘Besearches into the 
History of Mankind.’ These words enjoy the almost unique distinction that, 
in spite of the constant accumulation of new material to illustrate an advancing 
science, they still maintain their authority ; and this because they are based on a 
thorough investigation of all the available material and a profound insight into 
the psychology of man at the earlier stages of culture, He has laid down once 
for all the broad principles which must always guide the anthropologist : that 
a familiarity with the principles of the religions of the lower races is m 
indispensable to the scientific student of theology as a knowledge of the lower 
forms of life, the structure of mere invertebrate “creatures, is to the physiologist. 
*Pew,* he assures us, * who will give their minds to master the general priiu^iplos 
of savage religion will ever think it ridiculous or the knowledge of it superfluous 
to the rest of mankind. . . . Nowhere are broad views of historical development 
more needed than in the study of religion. . . . Scepticism and criticism are the 
very conditions for the attainment of reasonable belief.’ I need hardly say that 
his exposition of the principles of animism, as derived from the subcoiiscioi^s 
mental phenomena of dreams and waking visions, has given a new impulse and 
direction to the study of the religion of savage races. 

Dr. Tylor, on his retirement from the active work of teaching, carries with 
him the respectful congratulations and good wishes of the anthropologists here 
assembled, all Of whom join in the hope that the Emeritus Professor may be 
able to devote some of his well-earned leisure to increasing the series of valuable 
works for which we are already indebted to him. 

Tn^his ^arees from this chair Dr. Tylor remarked that twenty years before 
jhat- tfee m was no difficult task to master the available material, * But now ’ he 
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added, * even the yearly^ list of new anthropological literature is enough to form a 
pamphlet, and each capital of Europe has its anthropological society in full work. 
So far from any finality in anthropological investigation, each new line of argu- 
ment but opens the way to others behind, while those lines tend as plainly as 
in the sciences of stricter weight and measure toward the meeting ground of 
all sciences in the unity of Nature.* 

Since these words were written there has been a never-ceasing supply of 
fresh literature, w^ich is well repx’esentod in the publications of the present year. 
Every contributor to this science must now be a specialist, because he can with 
advantage occupy only one tiny corner of the field of humanity 5 and even then 
he is never free from a feeling of anxiety lest his humble contribution may 
have been anticipated by some indefatigable foreign scholar. In short, the 
attempt to give a general exposition of the sciences devoted to the study of 
mankind has been replaced by the monograph. Of such studies designed to 
co-ordinate and interpret the facts collected by workers in the field we welcome 
two contributions of special importance. 

Professor J. G. Frazer has given us a monumental treatise on totemism and 
exogamy, in which, relying largely on new Australian evidence and that col- 
lected from Melanesia by Dr. Haddon and his colleagues, Dr. Rivers and 
Dr. Seligmann, he endeavours to prove that totemism originated in a primitive 
explanation of the mysteries of conception and childbirth. As contributing causes 
he discusses the influence of dreams and the theoi'y of the external soul, the 
latter being occasionally found connected with totemism; and he ppints out that 
one function of a totem clan was to provide by methods of mimetic or sympathetic 
magic a supply of the totem plant or animal on which the existence of the 
community depends, this lunction being not metaphysical or based on philan- 
thropic impulse, but on a cool but erroneous calculation of economic interest. 
He has also cleared the ground by dissociating totemism from exogamy, the latter, 
as an institution of social life, being, he believes, later in order of time than 
totemism, and having in some cases accidentally modified the totemic system 
while in others- it has left that system entirely unaffected. The law of exogamy 
is, in his opinion, based mainly on a desire to prevent the union of near relations, 
and on the resulting belief in the sterilising effects of incest upon women in general 
and edible animals and plants. In dealing with totemism as a factor in the 
evolution of religion he gives us a much-needed warning that' it does not 
necessarily develop, first into the worship of sacred animals and plants, and 
afterwards into the cult of anthropomorphic deities with sacred plants and 
animals for their attributes. In the stage of pure totemi&rn totems are in no 
sense deities, that is to say, they are not propitiated by prayer and sacrifice; 
and it is only in Polynesia and Melanesia that there are any indications of a 
stage of religion evolved from totemism, a conclusion which demolishes much 
ingenious speculation. It is hardly to be expected that in a field covered by the 
wrecks of many controversies these views will meet with universal acceptance. 
But the candour with which he discards many of his own theories, and the 
infinite labour and learning devoted to the preparation of his elaborate digest, 
deserve our hearty recognition. 

In his treatise on ‘Primitive Paternity,* Mr. E. S. Hartland deals with the 
problems connected with the relations of the sexes in archaic society. Mother- 
right he finds to be due not so much to the difficulty of identifying the father 
as to ignorance of physiological facts ; and he supposes that the transition from 
mother-right to father-right originated not from a recognition of the physical 
conditions of paternity, but from considerations connected wth the devolution of 
property; as Professor Frazer states the case, it arises from a general increase 
in material prosperity leading to the growth of private wealth. 

We also record the steady progress of the great ‘Encyclopaedia of Religion 
and Ethics,* under the editorship of Dr. J. Hastings, which promises to provide 
an admirable digest of the results of recent advances in the fields of comparative 
religion and ethnology. 

It is now admitted by all students^ of classical literature that the material 
collected from the lower races is an indispensable aid to the interpretation of Iho 
myths, beliefs, and culture of the Greeks and Romans. Most of our universities 
provide instruction of this kind; and Oxford has opened its doors to a special 
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conTse of kctiires fkaling with the relation of anthropology to the classics. One 
of its most learned mythologists, Dr. L. H. Farnell, when abonfc halfway throngh 
his treatise on the cnl’ts of the Greek states, admitted the increasing value of the 
science in elucidating the problems on which he was engaged. Even with this 
well-advised change of method he has left the field of peasant religion, nature- 
worship, and magic, which must form the starting-points for ihe next examina- 
tion of Greek beliefs, practically nnworked. The formation of a Tloinan Society, 
working in co-operation with and following the methods whiclfhave been adopted 
by the Society for the Promotion of Hellenic Studies, is a fresh indication 
of the increasing importance of the work upon which we ai’e engaged. 

In the field of archreology Dr. A. J. Evans has commenced the publication 
of the Minoan records, which open up a new chapter in the early history of the 
Mediterranean. It is now certain that the origin of our alphabet is not to bo 
found, as De Bouge supposed, in the hieratic script of Egypt, but in the Cretan 
hieroglyphs ; and that the influence of the Phoenicians in its development was less 
important than has been generally supposed. Before the full harvest of these 
excavations can bb reaped we may have to await the discovery of some bilingual 
document, like the Eosetta Stone, which will solve the mysteries of the Minoan 
syllabary. 

As regards physical anthropology, the validity of the use of the cephalic 
index, particularly in discriminating the elements of mixed populations, has 
been questioned. The recent Hunterian lectures delivered by Professor A. Keith, 
as yet published only in hhe form of a summary, are designed to place these 
investigations on a ^ more scientific basis. In particular increased attention is 
being given to the influence of environment in modifying a structure generally 
so stable as the human skull. Thus it has been ascertained that the immigrant 
into our towns, by some process of selection or otherwise, develops a longer 
and narrower head than the countryman. The recent American Commission, 
under the presidency of^ Professor Boas, reports that ‘racial and physical 
characteristics do not survive under the new climate and social environment. . , , 
Children born even a few years after the arrival of their parents show essential 
differences as compared with their European parentage. . . . Every part of the 
body is influenced, even the shape of the skull, which has always been considered 
to he the most permanent hereditary characteristic.* Similar results appear from 
a comparison of the American negro with his African ancestor. 

I may refer briefly to the work on folk-lore. Though in recent years it has 
not maintained the importance which it at one time secured in the proceedings 
of (bis section, we still regard it as an essential branch of the study of man. 
The Folk-Lore Society, after thirty-two years* useful work, finds that much 
remains to be done in these islands to secure a complete record of popular beliefs 
nncl traditions, many of which are rapidly disappearing. It has therefore formu- 
lated a scheme for more systematic investigation in those districts which have 
hitherto been neglected. A committee including representatives of the two allied 
sciences is also engaged on the necessary task o! revising and defining the 
terminology of anthropology and folk-lore. 

The materials collected by field workers in various regions of the world 
and popular accounts of savage religion, customs, and folk-lore continue to 
arrive in such increasing numbers that the need of a central bureau for the 
classification of this mass of facts has become increasingly apparent. It is true 
that we have suffered a set-back, it is to be hoped only temporary in fhn 
rejection of an appeal made to the Prime Minister for a grant-in-aid of the Boval 
Anthropological Institute.^ But if we persist in urging our claims to official sup- 
port the establishment of an Imperial Bureau of Ethnology cannot be long 
deferred. ~ ^ 


One result of this accession of fresh knowledge, largely due to improved 
methods of research, is to modify some of our conceptions of 'savage psychology 
We now understand that side by side with physical uniformity there may be 
wide difierences arising from varieties of race and environment. It is becomintr 
genially Recognised that we can no longer evade the difficulty of interpreting 
^fs psages by referrmg them to that elusive personality, primitive mm 
embryonic stage of humanity and the present He vast mrio(h of 
UP of investigation open to us at present offer the hope of 
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successfully bridging this gap in the historical record. To uso the words of 
Professor Fimcr : * It is only in a relative sense, by ooinpa, risen with civilised 
men, that we may legitimately describe any living race of savages as primitive.’ 
Henco the hypothesis of the unilinear evolution of culture which satisfied an 
earlier school will no longer bear examination. 

Further, not to speak of the artistic endowments of paleolithic man, we 
find to our surprise that a race like the Australian Ai-unta, whose lowness in the 
scale of hunianit* does not necessarily connote degradation, has worked out 
with exceptional ability through its tribal council their complex and cumbrous 
systems of group marriage and totemism. They have developed a cosmogony 
which postulates the self-existence of the universe; they have reached a belief 
in reincarnation and transmigration of the soul. So far from their social system 
being rigid it is readily modified to suit new conditions. They live in peace with 
neighbouring tribes, and have established the elements of international law. On 
the moral side, though there is much that is cruel and abhorrent, they are not 
wanting in kindliness, generosity, gratitude. The savage, in short, is not such 
an unobservant simpleton as some are inclined to suppose ; and any interpretation 
of his beliefs and usages which ignores this fact is certain to be misleading. 

This popularisation of our science has not, however, been universally wel- 
comed. It has been urged with much reason that this overabundance of material 
tends to encourage an unscientific method, particularly the comparison of isolated 
facts without due regard to the context of culture to which they are organically 
related. There is much force in this contention; and probably when the work 
of this generation comes to be critically reviewed wo shall be rightly charged with 
rashly attempting a synthesis of facts not generically related, with reposing too 
much confidence in evidence collected in a haphazard fashion, and with losing 
sight of their historical relations in our quest after survivals. Those who havo 
practical experience of work among savage or semi-savage races understand the 
difficulty of collecting information on subjects outside the range of their material 
interests. Only a skilled linguist is able to interpret their hazy religious beliefs. 
We fail to evolve order from what is and always must be chaotic; we fail to 
discriminate religion from sociology because both are from the savage point 
of view identical; and generally it is only the by-products of religion, such as 
demonology, witchcraft, mythology which reward om* search. The most dogmatic 
among us, when they consider the divergent views of Messrs. Rpencer and Oillen 
and Strehlow, may well hesitate to frame theories about the Arunta. 

In the next place it has been objected that the scientific side of anthropology 
is in danger of being submerged by a flood of amateurism. It is only within 
recent years that a supply of observers trained in scientific methods has become 
available. Much of the work in India, ^ the Dominions, and other parts of the 
Empire has been clone by amateurs, that is to say, by officers in the service of the 
Crown, missionaries, or planters, who understand the languages, manners, and 
prejudices of the people, but have not received the advantage of scientific 
training. Some of this work is, in its kind, useful; but there seems reason to 
believe that inquiries conducted by this agency havo almost reached their limit. 
The existing material may bo supplemented and corrected by workers of the same 
class; but from them no important additions to our knowledge can reasonably bo 
expected. 

Criticisms such as those have naturally suggested proposals for improving the 
qualifications of this agency by providing a course of training for public ser- 
vants before they join their appointments; and excellent arrangements with this 
object have been made by several of our universities. In addition to this schemes 
are in the air for the establishment of a School of Oriental Studies in London 
or of a College for Civilians in Calcutta. We must, however, recollect that the 
college established by Lord Wellesley at the beginning of the last century with 
the intention, to use his own words, of promoting among junior officers *an 
intimate acquaintance with the history, language, customs, and manners of the 
people of India,’ failed to meet the aims of its founder. We must also 
remember that recruits for the Colonial services do not undergo any training in 
this country ; and that in the case of the Covenanted Civil Service of India the 
period extends only to a single year, during which the candidate is expected 
to learn the rudiments of at least one Oriental language and to acquire some 
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knowl-edge of ilio, law and history of India. It seems obvious this leaves 
little iiino for the soicniific study of anthropology 5 and the most tha,t can be ox- 
pectecl is to excite in the young official a desire to study the native races and to 
define the subj<?chs to winch his attention may usefully be directed. There is, 
again, the obvious risk of letting loose the half -trained amateur among savage or 
semi -savage peoples. He may see a totem in every hedge or expect to meet a corn- 
spirit on every threshing- floor. He may usurp the functions of the arm-chair 
anthropologist by adding to his own proper business, whicdi fs the collection of 
facts, an attempt to explain their scientific relations. As a matter of fact, the true 
anthropologist is born, not made; and no possible course of study can bo useful 
except in the case of the few who possess a natural taste for this kind of work. 

Having then practically exhausted our present agency it is incumbent upon 
us to press upon the Governments throughout the Empire the necessity^ of entrust- 
ing the supervi.sion of ethnographical surveys to specialists. This principle 
has been recognised in the case of botany, geology, and archaeology, and it is high 
time that it was extended to anthropology. It is the possession of such a trained 
staff that has enabled the American Government to carry out with success a survey 
of the natives of the Philippine Islands ; and it is gratifying to record that the 
Ctinadian legislature, in response to resolutions adopted by this section at the 
Winnipeg meeting, has recently voted funds to provide the salai'y of a superin- 
tendent of the ethnological survey. We may confidently expect that other 
governments throughout the Empire will soon follow this laudable example* These 
governments will, of course, continue to collect at each periodical census those 
statistics and facts of sociology ajid economics which are required for purposes 
of administration. But beyond these practical objects there are questions which 
can be adequately investigated only by specialists. 

The duties of such a ’director will necessarily be threefold : First, to sift, 
arrange, and co-ordinate the facts already collected by non-scientific observers; 
secondly, to initiate and control special investigations, in particular that intensive 
study of smaller groups within a limited area which, in the case of the survey 
of the Todas by Dr. Rivers, has so largely contributed to our knowledge of that 
tribe. Such methods not only open out new scientific fields, but — and this is 
perhaps more important — establish a standard of efficiency which improves later 
surveys of these or neighbouring races. 

The field for inquiry throughout the Empire is so vast that there is ample 
room for expeditions independent of official patronage. In some respects the 
private traveller possesses advantages over the official-— in his freedom from the 
bondage of red tape and from the suspicion which inevitably attaches to the 
servant of government that his inquiries are conducted with the object of impos- 
ing taxation or of introducing some irksome measures of administration. He is 
always sure to receive the aid of local officers, whose familiarity with the native 
races must be of the highest value. 

The third duty of the director will be to organise in a systematic way the 
collection of specimens for home and colonial museums. Our ethnographical 
museums, as a wdiolo, have not reached that standard of efficiency which the 
importance of the Empire and the needs of training in anthropology obviously 
require; and our students have to seek in museums at Berlin and other foi^eign 
cities for collections illustrative of tribes which have long been subject to British 
law. It is only necessary to refer to the recent handbook of the ethnographical 
collections in the British Museum to see that there are wide gaps in the series 
w'hich might easily be filled by systematic effort. No time is to be lost, because 
the tragedy of the extinction of the savage is approaching the final act, and our 
grandchildren will search for him in vain except perhaps in the slums of our 
greater cities. 

Assuming then that in the near future anthropological inquiries will be 
orgjmised on practical lines, I invite your attention to some special problems in 
India which deserve intensive study, and which can be solved in no other way. 
India is a most promising field for such inquiries. Here the student of compara- 
tive religion can trace with more precision than is possible in any other part 
of the, Empire the development of animism and the interaction on it of the forces 
by Buddhism, Hinduism, Islam, and Christianity. The anthropo- 
observe , the most varied types of moral and material culture, from 
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those represented by the heirs of its historic civilisation down to forest and 
depressed tribes little raised above the level of savagery. 

The first question which awaits examination is that of the prehistoric races 
and their relation to the present population. Unfortunately the materials for 
this inquiry are still imperfect. The operations of the Arohteological Survey, 
with the scanty means at its disposal, have rightly been concentrated upon the 
remains of architecture in stone, which starts from the Buddhist period, and 
upon the conservation of the splendid buildings which are our inheritance from 
older ruling powers. The prehistoric materials have been collected by casual 
workers who were not always careful to record the localities and circunistances 
of the discovery of their contribution to the local museums. Many links are 
still wanting, some altogether absent from Indian soil; others which systematic 
search will doubtles.s supply. We can realise what the position of prehistoric 
archseology in Europe would be if the series of barrows, the bone carvings 
of the cave-dwellers, the relics from kitchen-middens and lake dwellings were 
absent. The caves of central India, it is true, have supplied stone imple- 
ments and some rude rock paintings. But the secrets of successive hordes of 
invaders from the north, their forts and dwellings', lie deep in the alluvium, 
or are still covered by shapeless mounds. Tropical heat and torrential rain, the 
ravages of treasure-hunters, the practice of cremation have destroyed much of 
the remains of the dead. The epigraphical evidence is enormously later in date 
than that from Babylon, Assyria, or Egypt; and the Oriental indiffercnf:e to the 
past and the growth of a sacred literature written to subserve the interests of a 
priestly class weaken the value of the historical record. 

Further, India possesses as yet no seriation of ceramic types such as that 
devised by Professor Flinders Petrie which has enabled him to arrange the 
Egyptian tombs on scientific principles, or that which Professor Oscar Montelius 
has established for the remains of the Bronze Age. Mr. Marshall, the Director 
of the Archjuological Survey, admits that the Indian museums contain few 
specimens of metal work the age of which is even approximately known. 

Though the record of the prehistoric culture is imperfect, we can roughly 
define its successive stages. 

The palaeolithic implements have b^n studied by Mr. A. 0. Logan, whose 
work is useful if only to show the complexity of the problem. Those found in 
the laterite deposits belong to the later Pleistocene period, and display a technique 
similar to that of the river-drift series from western Europe. The Eoliths, 
which have excited such acute controversy, have up to the present not been 
discovered; and so far as is at present known tho palajolithic series from India 
appears to be of laier date than the European. Palaeolithic man seems to have 
occupied the eastern coast of tho peninsula, whence he migrated inland, using in 
turn quartzose, chert, quartzite, lime.stonc, or sandstone for his weapons'; that 
is to say, he seems not to have inhabited those divstricts which at a later time 
were seats of neolithic culture. Early man, according to what is perhaps the 
most reasonable theory, was first specialised in Malaysia, and his northward 
route is marked by discoveries at Johore and other sites in that region. Thence 
he possibly passed into India. The other view represents palaeolithic man as 
an immigrant from Europe. At any rate, his occupation of parts of southern 
India wan antecedent to the action of those forces which produced its present 
form ere the great rivers had excavated their present channels, and prior to the 
deposition of the masses of alluvium and gravel which cover the implements 
which are tho only evidence of his existence. 

Between the paleolithic and the neolithic races there is a great geological and 
cultural gap ; and no attempt to bridge it has been made except by the suggestion 
that the missing links may be found in the cave deposits when they undergo 
examination. 

There is reason, however, to believe that the neolithic and the Iron Age 
cultures were continuous, and that an important element in the present popula- 
tion survives from the neolithic pei'iod. Belies of the neolithic are much more 
widely spread than those of the paleolithic age. They extend all over southern 
India, the Deccan, and the central or Vindhyan range. Up to the present 
they are scanty in the Punjab and Bengal; but this may be due to failure to 
discover or identify them. Mr. Bruce Foote has discovered at various sites in 
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tho south factories of neolithic implements associated with wliool-mado pottery of 
a fairly advanced typo, showing that the Stone Ago has survived side by side 
with that of metal down to comparatively recent times. The Voddas of Ceylon, 
the Andamanese, and various tribes on iho north-cast frontier, in central and 
southern India, are, or were tip to quite recent times, in iho Ago of 8touo. In 
fact, when we speak of ages of stone or metal wc must not regard them as 
representing division of time but generally contimious phiuses of cnlinre. 

There is no trustworthy evidence for the existence of an go of Bronzti. 
The single fine implement of this metal which has been discovered is probably, 
like the artistic vessels from the Nilgiri intennents, of foreign origin; and other 
implements of a less defined type seem to bo the result of imperfect metallurgy. 
This is not the place to discuss the problem of the origin and diffusion of bro^l^^e, 
Babylon, Asia Minor, and China have each been supposed to be a centre of 
distribution. The Egyptian specimen attributed to the third dynasty, say before 
the fourth millennium b.c., is believed by Professor Petrie to be the result of a 
chance alloy; but the metal certainly appears in Egypt about 1600 n.c., and it is 
believed to have originated, in central Europe, where the Zinnwald of Saxony 
or the Bohemian mines provided a supply of tin. The absence of a Bronze Ago 
in India has been explained by the scarcity of tin and the impossibility^ of 
procuring it from its chief source in the Malay-Burman region, where the mines 
do not seem to have been worked in ancient times. But another view deserve^ 
consideration. Professor Ridgeway has shown that all the sites where native 
iron is smelted are those where carboniferous strata and ironstone have boon 
heated by eruptions of basalt; and iron was thus produced by a natural reduction 
of the ore. In Africa as well as India the absence of the Bronze Age seems to 
be due to the abundant supplies of iron ores which could be worked by processes 
simpler than those required in Che case of bronze. In India iron may have been 
independently discovered towards the close of the neolithic period, and iron 
may have displaced copper without the intervention of bronze. 

However this may be, the Copper Age in India, which has been carefully 
studied by Mr. V. A. Smith, is of great importance. Implements of this metal 
in the form of flat and bar colts, swords, daggers, harpoon, spear, and arrow 
heads, with ornaments and a strange figure, probably human, have been found 
at numerous sites in northern India. In western Europe,^ according to Dr. 
Munro, the Copper Age was of short duration; but Mr. Smith believes that in 
India the variety of types indicates a long period of development. 

No mention of iron occurs in the Big-Vedaj but it appears in the Atharvan, 
which cannot be dated much later than 1000 n.c. It is now recognised that there 
is a still obscure stratum of Babylonian influence underlying the Arjran culture ; 
and if, as is generally supposed, the manufacture of iron was established by the 
Chalybes at the head-waters of the Euphrates, who passed it down the dtdta, its 
tise may have spread thence among the Indo-Aryans. It certainly appears la-te in 
the south Indian dolmen period; and we have the alternatives of believing that it 
was introduced there by the Bravidian trade with the Persian Gulf, which cer- 
tainly arose before the seventh century before Christ, or that it was imkpen- 
dently discovered by the Dravidians, who still extract it in a rude way from, the 
native ores. 

The great series of dolmens, circles, and kistvaens which cover the hills and 
plateaux of the Deccan and the i^egion to the south seem to belong to the Iron 
Age. Whether the construction of these monuments was due to the rnigrarion of 
the dolmen-building race from northern Africa, or whether the builders were a 
local people utilising the material on the spot must remain uncex'tain. The 
exc-avations conducted by Mr. Breeks and others disclose tall jars, many-storeyed 
cylinders of varying diameter, with round or conical bases, fashioned to rest on 
pottery ring-stands, like the classical amphorae, or to be imbedded in softer soil. 
Tl^ lids of these vessels are ornamented with rude, grotesque figures of men, 
animals, or more rarely inanimate objects, depicting the arms, dress, ornaments, 
and domesticated fauna of the period. It has been suspected that these figurin(?s 
may be of a date earlier than the implements of iron with which they are 
«^wiated, and that they were deposited with the dead in a spirit of religious 
At any rate, the costumes and arms represented on the older 
re^pnhlance to those depicted on the later series of dolmens 
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and kistvaens. The pottery also seems to belong to different periods, the larger 
jars being of a later date than the true funereal urns which are found at a lower 
level, and contain a few cremated bones, gold ornaments, bronze and iron rings, 
with beads of glass or agate. These people clearly regarded bronze as an article 
of luxury, as it appears in the form of ornaments or in the series- of splendid 
vases preserved in the Madras Museum. It 'is difficult to suppose that these were 
of local origin; more probably they were imported in the course of trade along 
the western coaft or from more distant regions. 

Another and equally remarkable phase of culture, combining distinctly savage 
features with a fairly advanced civilisation, is illustrated by the Adittanalur 
cemetery in the Tinnevelli district recently excavated by Mr. Rea. Two skulls 
discovered here are prognathous, suggesting a mixture of the Negrito and Dra- 
vidian types. There is no trace of cremation, and in most cases the smallness of 
the urn openings implies that the corpses were exposed to birds of prey, and that 
only such bones as could be discovered after removal of the flesh were collected 
for interment'; or, according to another interpretation of the facts, we have 
an instance of the custom of mourners carrying with them, like the modem 
Andamanese, the relics of the dead. These interments certainly extended over 
a long period, neolithic weapons being found in some graves, while in others 
iron arms were discovered fixed point downwards near the urns, as if they had 
been thrust into the ground by the mourners. In the richer graves gold frontlets, 
like those of Mycenoe and other Greek interments, were fastened over the fore- 
head of the corpse. These were, like the Greek specimens, of such a flimsy type 
that they could never have been used in real life. It is a remarkable instance 
of a survival in custom that at the present day some tribes in this region tie a 
triangular strip of gold on the forehead of the dead, the import of which, on the 
analogy of the death masks of Siam, Cambodia, ancient Mexico, and Alaska, we 
may interpret as an attempt to guard the corpse from the glances of evil spirits 
while the spirit is on its way to deathland, or to be used in processions of the 
corpse. 

The question remains : To what races may ^ we attribute these successive " 
phases of culture in soufliern India? The Tamil literature, as interpreted by 
Bishop Caldwell and Mr. V. Kanakasabhai, shows the existence of an advanced 
type of archaic culture in this region ; but the evidence to connect this with the 
existing remains is as yet^ wanting. We may reasonably assume that neolithic 
man survives in the existing population, because we have no evidence of sub- 
sequent extensive migrations, except the much later arrival of Indo-Aryan 
colonies from the north, and that of the Todas, whom Dr. Rivers satisfactorily 
identifies with the Nayars and Nambutiri Brahmans of Malabar. The occurrence 
of a short-headed strain among some tribes in western India probably represents 
some prehistoric migration by sea or along the coast line froxn the direction of 
Baluchistan or the Persian Gulf. Tho suggestion that it is the result of a 
Scythian or Hun retreat from northern India in the face of an advancing Aryan 
movement is not corroborated by any historical evidence, and is in itself improb- 
able. The customs of dolmen and kistvaen burial still persist among some of 
the present tribes, and they display some reverence for the burial-phu‘es of their 
forgotten predecessors. This feeling may, however, be due to the habitual 
tendency of the Hindu to perform rites of propitiation at places supposed to be 
the haunts of spirits, and need not necessarily connote racial identity. 

The most primitive ty]^ identifiable in the population of south India is the 
Negrito, which appears among the Veddas of Ceylon, and among the Andaman- 
ese, who retain the Negrito skin colour and hair, but have acquired, probably 
from some Mongoloid stock, distinct facial characters. It has been the habit 
with some writers to exaggerate the Negrito strain in the south. But tribes like 
the Badagas and Kotas, which have been classed as representative of this type, 
possess none of the Negrito characters, which appear only among the more 
primitive Kurumbas, Malayans, Paniyans, and Irulas. In all the modern tribes 
the distinctive Negrito marks — woolliness of hair, prognathism, lowness of stature, 
and excessive length of arm — have become modified by miscegenation or the 
influences of environment. 

The resemblances in culture of the Indian Negrito with the cognate races to 
the east and south-east of the Peninsula are too striking to accidental. The 
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Kadirs of Madras climb trees like the Bornean Dayaks, clip their teeth like the 
Jakun of the Malay Peninsula, and wear curiously ornamented hnir^combs like 
the Semang of Perak, among whom they servo some olnsonre magical purpose. 
The Negrito typo deserves special examination in relation to the rtH'ont discovery 
of l^yginies in New Guinea, and the monograph on the Pygniy races in general 
by Dr. P. W. Schmidt, who regards them as the most archaic bnman type, from 
which bo supposes the more modern races were developed, not by a process of 
gradual evolution, but •per saltnm. If there ho any force in ihe^ speculations he 
is justified in expressing his conviction that the investigation of the Pygmy races 
is, at the present moment, one of the weightiest and most urgent, if not the most 
weighty and most urgent, of the tasks of ethnological and anthropological science. 

This Negrito stock was followed and to a considerable extent absorbed by that 
which is usually designated the Dravidian. The problem of the origin of this 
race has been obscured by the unhappy adoption of a linguistic term to designate 
an ethnical group, and its unwarrantable extension to the lower stratum of the 
population of northern In"dia. At present the authorities are in con diet on this, 
the most important question of Indian ethnology. One school denies that this 
people entered India from the north or north-west on the ground that the immigra- 
tion of a dolichocephalic race from a brachycephalic area is impossible, and 
insists that the distinction between the so-called Dravidians and Kolarians is 
linguistic, not physical. The other theory postulates the origin of the Dravidians 
from the north-west, that of the Kolarians from the north-east; and avoids the 
difficulty of head form by referring the Dravidians to one of the long-headed 
races of central or western Asia or north Africa, or by suggesting that their skull 
form has become modified on Indian soil by environment or miscegenation. 

Recent investigations, archssological or linguistic, throw some new light on 
this complex problem. Sir T. Holdich, in his recent work ‘ Gates of India/ 

■ asserts that Makrdn, the sea-board division of Baluchistan, is full of what he 
calls * Turanian,* or Dravidian remains. He explains the position of the Brahui 
tribe in Baluchistan, on whom the controversy mainly turns, by assuming that 
while they now call themselves Mingal or Mongal and retain no Dravidian 
physical chai'aeters, the survival of their Dravidian tongue is duo to the fact 
that it is their mother-language, preserved by Dravidian women enslaved by 
Turo-Mongol hordes. Relics of the original Dravidian stock, he suggests, may 
b© found in the Ichthyophagi, or fish-eaters, whom Nearchus, the admiral of 
Alexander the Great, observed on the Baluchistan coast, living in dwellings 
made of whale-bones and shells, using arrows and spears of wood hardened in 
the fire, with claw-like nails and long shaggy hair, a record of the impression 
made upon the curious Greeks by the first sight of iho Indian aborigines. 

In the next place, inquiries by Dr, Grierson in the course of the Linguistic 
Survey prove that what is called the Mon-khmex' linguistic family, which preceded 
the Tibeto-Burman in the occupation of Burma, at o7)o time prevailed over the 
whole of Further India, from the Trawadi to the Gulf of Tongking, and extended 
as far as Assam, To this group the Mmida tongue spoken by some hill tribes 
in Bengal is allied; or, at least, it may be said that languages with a common 
substratum are now epoken not only in Assam, Burma, Annam, Siam, and 
Cambodia, but also over tho whole of Central India as far west as the Berars. 
‘It is,’ says Dr. Grierson, ‘a far cry from Cotthin-China to Nimjlr, and yet, even 
at the present day, the coincidences between the language of the Korkus of the 
latter district and the Annainese of Cochin-China arc strikingly obvious to any 
student of language who turns his attention to them. fcJtill further food for 
reflection is given by the undoubted fact that, on the other side, the Munda 
languages show clear traces of connection with the speech of the aborigines of 
Australia.* The last assumption has been disputed, and it is unnecessary to 
discuss this wider ethnical grouping. Though identity of language is a slippery 
basis on which to found an ethnological theory, it seems obvious that the intrusive 
wedge of dialects allied to the Mon-khmer family implies that the Central Indian 
- region w:as at one time occupied by immigrants who forced their way through the 
eastern Himalayan passes, their arrival being antecedent to the migration which 
' introduced, the Tai and Tibeto-Burman stocks into Further India. 

problem is seriously undertaken under expert 
: first step will be to make an exhaustive survey of the group of 



PRESIDENTIAL ADDRESS. 


723 


forest tribes, from the Santals and Paharias on the east, passing on to the Kols 
and Gonds, and ending with the Bhils on the west. At present our information 
of the intex'-relations of these tribes is fragmentary, and their superficial uni- 
formity does not exclude the possibility that they represent more than one racial 
clement. It will also be necessary to push inquiry beyond the bounds of the 
Indian Empire, and, like the trigonometrical surveyor, to fix the base line as a 
datum in India, and extend the triangulation through the borderlands. It is in 
these regions thaO the ethnological problems of India await their final solution. 
Many of these countries are still beyond our reach. Until the survey of the 
routes converging at Herat, Kabul, or Kandahar is complete the extent of the 
influence of the western races — ^Assyrian, Babylonian, Iranian, Arab, and Greek — 
cannot be determined. Recent surveys in Tibet have thrown much light on that 
region, but it is still only very partially examined. In Nepal the suspicious 
native government still bars the way to the Buddhist sites in the Tarai and 
the Nepal valley, and thus a wide chapter in the extension of Hindu influence 
beyond the mountain range remains incomplete. 

The second great problem is the origin and development of caste. We have yet 
to seek a definition which will cover the complex phases of this institution, and 
effect a reconcilement between the views of Indian observers who trace it to the 
clash of races or colours, and that of the sociologists, who lay little stress on 
race or colour and rely more upon the influence of environment, physical or moral. 
We must abandon the insular method which treats it only in relation to India, 
and ignores the analogous grouping of rank and class which were prepotent in 
western Europe and elsewhere, and are now slowly losing ground in the face 
of industrial development. It is by the study of tribes which are on the border- 
land of Hinduism that we must look for a solution of the problem. The conflict 
of the Aryan and aboriginal culture, on which the religious and social systems 
of Hinduism were based, is reproduced in the contact between modern Hinduism 
and the forest tribes. Since the Hindus are the only members of the Aryan 
stock among whom we find endogamous groups with exogamous sections, the 
suggestion of Professor Frazer that they may have borrowed it from the non- 
Aryairs gains probability. The Dravidians within the Indian totemic area have 
worked out an elaborate system of their own, which is well described in the 
recent survey of the Malayans by Mr. F. T. Richards. How far this is connected 
with their preference for mother-right and their strong family organisation, of 
a more archaic type than the joint family of the Aryans, is a question which 
deserves examination. The influence, again, of religion must be considered, and 
this can be done with the most hopeful results in regions like eastern Bengal, 
where a people who have only in a very imperfect way adopted Hinduism are 
now being converted wholesale to Muhammadanism. 

Again, when we speak of the tribe in India, we must remember that it 
a.ssumes at least seven racial types, ranging from the elaborate exogamous groups 
of the Rajputs to the more archaic form characteristic of the Baloch and Pathan 
tribes of the western frontier, attached to which are alien sections affiliated by 
the obligation to join in the common blood- feud, which in process of time 
develops into a fiction of blood-brotherhood. Thus among the Marri of 
Baluchistan we can trace the course of evolution : admission to participate in 
the common blood-feud, admission to participation in a share of the tribal laud, 
and finally admission to kinship in the tribe. 

This elasticity of structure has permitted not only the admission of non- 
Aryan tribes into the Rajput body in modern times, but prepares us to understand 
how the majority of the Rajputs were created by a similar process of fusion, 
the newcomers being known as the Gurjaras, who entered India in the train of 
the Huns in the fifth or sixth centu^ of our era. The recognition of this 
fact, by far the most important contribution made in recent times to the ethnology 
of India, is due to a group of Bombay scholars, the late Mr. A. M. T. Jackson, 
whose untimely death at the hand of an assassin we deeply regret, and Messrs. 
R. G. and D. R. Bhandarkar. Mr. D. R. Bhandarkar has recently proved that a 
group of these Gurjara Huns, possibly the tribal priests or genealogists, were 
admitted first to the rank of Brahmans, and then, by a change of function, of 
which analogies are found in the older Sanskrit literature, becoming Rajputs, are 
now represented by the Guhilots, one of the proudest septs. This opens up a new 
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view of ix'ibal and casio dovelopniont. Now that we Ciaii certainly trace the blood 
of the Huns among the Itajput, Jat, and Giijar tribes, a fresh impulse will be 
given for the quest of survivals in belief and custom connecting them with their 
central Asian kinsfolk. 

In what 1 have said I have preferred to speculate on a prograamne for work in 
the future rather than dwell upon the progress which luus been already made. In 
the sphere of religion wo have passed the stage when, as Professor Max Muller 
said, ‘the best solvent of the old riddles of mythology is t«*? bo found in the 
etymological analysis of the names of gods and goddesses, heroes and heroine.s/ 
’ or when the ‘ disease of hinguago * theory was generally accepted. The position, 
in fact, has completely changed since Comparative Keligion has adopted the 
methods of Anthropology. The study of myths has given way to that of culls, 
the former being often only naive attempts to explain the latter. India offers 
wide fields for inquiry by these new methods, because it supplies examples of 
cult in its most varied and instructive phases. The examination of Hinduism, the 
last existing polytheism of the archaic type, is likely to explain much hitheido 
obscure in the development of other pantheons. It is no longer possible to refer 
the complex elements of this or any other group of similar beliefs to a single class 
of physical concepts. The sun, the dawn, the golden gates of sunset, or the 
dairy no longer furnish the key which unlocks the secret. It is by the study of 
the Animism, Shamanism, or Magic of the lower tribes that Hinduism can be 
interpreted. This analysis shows that behind the myths and legends which 
shroud the fonns of the sectarian gods the dim shape of a Mother-goddess ajv 
pears, at once chthonic or malignant because she gives shelter to the dead, and 
beneficent because she nurtures the sons of men with the kindly fruits of tlie 
earth. Beside her, though his embodiment is much less clearly defined, stands 
a male deity, her consort, and by a process of magic, mimetic, sympathetic, or 
homoeopathic, their union secures the fertility of the animal and vegetable creation. 

Much, however, remains to be done before the problems of this complex 
polytheism can be fully solved. The action of archaic religions, as has been 
well said, ‘takes place in the mysterious twilight of sub-consciousness’; and the 
foreign observer is trammelled by the elaborate system of tabu with which the 
Hindu veils the performance of his religious rites. This feeling extends to all 
classes, and the ceremonial of the jungle shrines is as little open to examination 
as the penetralia of the greater temples. The great army of mendicant friars 
jealously conceals the secrets of its initiation, rites, and beliefs, qnd this field 
of Indian religious life remains practically unworked. Much may be done by 
the tx'aining of a body of native observers who are not subject to the tabu 
imposed upon the foreigner. Here the dilficxilty lies in the contempt displayed 
by the higher educated classes towards the beliefs and usages of the lower tribes. 
There are some indications that this feeling is passing away, and in rocont years 
much useful ethnological work has been done by native scholars. 

The problems of ethnology, so far as they are concerned with the origin of 
prehistoric races and their relation to the oxistii^ population, are more or hiss 
academic. Ethnography, which examines the religious, cultural, and industrinl 
conditions of the people, has moi’e practical uses. At the present time it is 
incumbent upon us to preach, in season and out of season, that the information 
which it is competent to supply is the true basis of administrative and social 
reform. If, for example, we were now in possession of the facts which' an 
anthropometrical survey of our home population would stipply, many of our 
social problems would assume a clearer aspect. Such, for instance, are the 
questions of degeneration due to slum life and malnutrition, the influence of 
alcoholism on industrial efficiency, the condition of dangerous and sweated 
industries, and that of the aliens settled in our midst. It is characteristic of 
the genius of the English people that, while we are not yet prepared to admit 
the need of such a survey, the provision of medical inspection and x'olief for 
children in elementary schools will soon render it inevitable. 

This is more clearly the case in those regions where a large native population 
is controlled by a small European minority. The Negro question in America 
%a^es us a useful lesson, applicable to native races in most parts of the Empire. 

Government has made really serious mistakes, the failure 
or disregard of the beliefs or prejudices of the subject 
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people. A little more than a century ago a mutiny of native troops at Vellore 
was due to injudicious attempts to change a form of headdress which they 
believed to be a symbol of theh religion or caste; ignorance of the condition of 
the Santals allowed them to be driven to frenzy by tho extortions of moneylenders 
which culminated in a serious outbreak; the greased cartridges of the Great 
Mutiny, and the revolt against measures, adopted in defiance of native feeling, 
to check the plague epidemic, teach a similar lesson. 

In India at Hie present time ‘ the old order changeth, yielding place to new ' ; 
and at no period in the history of our rule was it more necessary to effect a 
reconciliation between the foreigner and the native. While the tabus of marriage 
relations and commensality will for an indefinite period prevent the amalgamation 
of the races, much of the present disquiet is due to ignorance and misunderstand- 
ing on both sides. The religious and social movements now in progress deserve 
the attentive study of the British people. In religion various attempts are behig 
made to free Hinduism from some of its most obvious corruptions, to harmonise 
Eastern and Western ideals, and to elevate the former so as to enable them to 
resist the pressure of the latter. Such is Vedantism, a revival of the ancient 
pantheistic philosophy, which not only claims supremacy in India, but asserts 
that its mission is to replace the dying faiths of the Western world. The spread 
of monotheism, as represented by Bhagavata beliefs, is equally noteworthy ; and 
the effect of the revival of the cults of Ganpati, god of luck, and of Savaji, the 
Mahratta hero, on the political situation in the Deccan deserve the most careful 
consideration. 

The social movement is the result of that fermentation which is in progress 
among the subject peoples in many parts of the world. While the educated 
Indian claims social equality with the foreigner, he is occupied with a serious 
problem at his own doors. The degraded castes, popularly called the ‘untouch- 
ables,’ are revolting against the obloquy which they have long endured^ at the 
hands of the higher races. Many of them have sought relief by joining the 
Christian or Muhammadan communities, and the process of conversion is so 
remarkable as to excite the surprise and alarm of the orthodox classes. Measures 
have been designed to improve their almost intolerable position. It remains to 
be seen how far any concessions which are likely to satisfy them can be reconciled 
with the ideals of the caste system. 

It is true that the people of India prefer to celebrate many of their religious 
and social rites free from observation of the foreigner, and that there are for- 
bidden chambers in the Oriental mind which no stranger may enter. But the 
experience of those best qualified to express an opinion is that a sympathetic 
interest in the religious and social life of the people, so far from tending to 
increase the existing tension, is a valuable aid towards the promotion of mutual 
goodwill and sympathy. Orthodox native States not only show no aversion to 
ethnographical inquiry, but are themselves actively engaged in such surveys. 
Even the Rajputs, who ordinarily display little taste for scientific work, are 
beginning to undertake the collection of the bardic chronicles which embody their 
tribal folk-lore and traditions. 

When the divergencies in the beliefs and institutions of the foreigner and 
the indigenous races are realised and understood, a compromise must be effected, 
each side discarding some hereditary prejudices —the Hindu that aversion to the 
manners and customs of the European which is the chief barrier to the promotion 
of intercourse between the races; the European that insularity of thought which 
makes it difficult for him to understand all that is valuable in novel types of 
belief and culture, as well as that lack of imagination which inclines him to 
exaggerate what seems to him intolerable in the economical condition, the social 
01‘ganisation and beliefs of races whose environment differs from his own. 

Anthropology has thus a practical as well as a scientific side. The needs of 
inquirers whose interest mainly lies in the investigation of survivals and in the 
stages of' evolution in culture and belief can, as I have endeavoured to show, be 
met only by the adoption of improved methods of inquirj and a more rigorous 
dissection of evidence. Unfortunately the inadequate resources of the societies 
devoted to the study of man, as contrasted with the extent of the sphere of 
inquiry and the importance of the savag^^ or semi- savage races as factors in the 
progress of the Empire, prove that the practical value of anthropology is as yet 
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only imperfectly realised. If its progress is to bo continuous we must convince 
the politician that it has an important part to play in i.he schemes in which ho is 
interested. Thus it is certain that in the near future the relations between the 
foreigner and the native races will doinarid the increasing attention of statesmen 
at home and abroad. Hero anthropology has a wide hold of action in the 
examination of the causes which menace the very existonco t)f the savage; of the 
condition of the mixed races, like the Creole or the Eurasian ; of the relations of 
native law and custom to the higher jurisprudence; of Uie dcuiay of primitive 
industi%s in the face of industiial compeUtion. One of its { liiof tasks must bo 
the examination of the physical and moral condition of the depressed classes of 
our home population, and the elfect of modern systems of education on the mind 
and body of the child. It will thus be in a position to assist the servants of the 
State to meet the ever-increasing responsibilities imposed upon them; and it will 
help to dispel the ignorance and misconceptions which prevail even among the 
intelligent classes in this country in regai'd to the condition of the native races, 
who, by a strange decree of destiny, have been entrusted to their charge. By such 
practical contributions to the welfare of humanity it will not only secure the 
popular interest which is a condition of elliciency, but engage the ever-increasing 
attention of those to whom its scientific side is of paramount importance. 


The following Papers were then read ; — 


1. The People of Cardiganshire} 

By Professor H. J, Pleure, and T. C. James, M,A. 


An anthropometrical survey of the Welsh population has been in progress for 
some years, and detailed observations of about 1,600 adults have been taken. 
The observations include the facts of descent, pigmentation, features of head and 
face, fourteen measurements in the head region, and determination of standing 
height and length of limbs, and all the facts for each individual are recorded 
on a card which is retained for further analysis. It is worthy of note that the 
only measui'ements which have been found useful for analytical work thus far 
are those of head-length, head-breadth, bizygomatic-breadth, bigonal-breadth, 
auriculo -nasal radius and auriculo-alveolar radius, in addition to those of stature 
and limbs; and the further work of the survey will be lightened by restricting 
attention to these features and notes on family history, pigmentation, and other 
features. The present paper is a iii*«t report, and deals with the characteristics 
of 520 adult males whose family history, so far as it is known, shows that they 
belong exclusively to Cardiganshire, though that name is not used in the exact 
sense, but is held to denote the region bounded by the river Dyfi, the Plynlimmon 
anticline, Mynydd Prescely, and the sea. 

The foundation of the population is of Mediterranean typo, characteri.sed by 
great length and size of head, dark brown to black hair, .slight prognathism, 
stature slightly below the average (1,671 mm.), largely through the absence of 
very tall individuals, and a somewhat high ratio of length of log to stature. All 
the characteristics are shown most markedly among the men with black hair, 
dark fresh skin, and brown eyes, whose head indices are about 74*0. The length of 
head seems due mainly to a marked occipital projection. As one goes from these 
individuals to others with hair dark brown instead of black, one finds that the 
prognathism and the occipital projection decrease and disappear, the latter 
change involving a shortening of the head and a consequent rise of head index. 
The best types are undoubtedly those from the remoter valleys in the mountain 
sides and those from the deep valley of the Toify and its tributaries around 
LlandyssuL 

There are- scattered individuals with dark pigmentation and a he/id index 
80*6. These usually have the head short, and they are more numerous along tlxe 
open coas^ from Uanrhystyd to New Quay than elsewhere. 

, The distribution qf the fair-haired people is most interesting. There is a 
i^ripMing of them throughout the county with a cluster of the narrower-headed 
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men (76*8) at Newcastle Emlyn, some distance up the Teify. They occur in largo 
numbers along the open coast from Llanrhystyd to New Quay, and extend east- 
ward up the valley of the Wyro and, further south, across the low hills of 
Mynydd Bach into the centre of the county, around Pontrhydfendigaid, Tregaron 
and Llanddewi Brefi, and here it is the individuals with an index of 79*80 who 
predominate, while their features are more strongly developed than in the case 
of the Newcastle Emlyn men. They aie opisthognathous and slightly taller 
(1,G99 mm.) than^^the Mediterranean people, but include several individuals about 
i,k)0 mm. in height, the average being brought down by occasional very short 
individuals (below 1,600 mm.). The fair type becomes decidedly rarer inland 
north of the Wyre, and this is interesting, as that valley forms one of the most 
marked dialect boundaries in Wales, and the hills above it have a remarkable 
series of early earthworks which need further study. 

Among the fair people, as among the dark, increase of head index is correlated 
with a decretuse of head length, which is continuous except for a break due to a 
number of exceptionally big men (average stature, 1,724 mm.) with index 78*9. 
Here and there, and notably around Tregaron, there are men with index about 
78*81, red hair, florid features, large foreheads, prominent zygomatic arches, 
and often an insinking of the cheek. Our observations xDoint to their being the 
result of crossing between fair and dark types, but this opinion is stated with 
reserve for the present. 

A similar account of Merionethshire will be ready, we hope, before long, and 
similar work is in pi^ogress for Carnarvonshire and Carmarthenshire, while 
numerous observations have been collected for other counties and a definite 
campaign in Glamorganshire is being organised. 


2. The People of Egypt 

% Professor G. Elliot Smith, M.A., F,R.S. 

Eecent experience has shown that no attempt to reconstruct the history of man 
in Egypt is likely to yield other than wholly inconclusive, if not actu^ly confusing 
and misleading, results, unless it is based upon the study of the physical characters 
(and not of mere measurements) of large seiies of accurately dated human remains 
cf people of various social grades, representative of every historical period, and 
of each of the three primary subdivisions of the lower Nile Valley, viz., Lower 
Egypt, Upper Egypt, and Lower Nubia. 

In the present state of our knowledge it would be idle to discuss the origin of 
the Predynast ic Egyptian population beyond stating that the people show un- 
doubted affinities with the so-called ‘ Mediterranean Race ’ as well as with the 
Arabs, and that they must have been settled in the Nile valley for many ages 
before they constructed tho earliest prehistoric graves known to us, for their 
peculiarly distinctive culture, their arts, their mode of writing, and their religion 
were certainly evolved in Egypt. 

But even before the end of the Predyimstic period a slight change in the 
physical traits of the population can bo detected ; although it is not until more than 
four centuries later, Le., until the time of the Third Dynasty, that the modification 
of the physical type becomes sufficiently pronounced to afford unmistakable 
evidence of its significance. For then the three Nile territories under considera- 
tion had each its own distinctive people ; Lower Nubia, a population essentially 
identical with the Predynastic Egyptian, but slightly tinctured with negro ; Lower 
Egypt, the descendants of the Predynastic Egyptians, profoundly modified by 
admixture with alien white immigrants, who entered the Nile valley via tho 
Delta j and Upper Egypt, protected by its geographical position from the direct 
effect of either of these foreign influences, was being subjected to the indirect 
influence of both by the intermingling of its people with those of Nubia and 
Northern Egypt. 

In the time of the Middle Kingdom this double racial influence became much 
more pronounced in the Thebaid, and tho effect of the white immigration became 
almost as pronounced there as it had been in Lower Egypt in the times of the 
Pyramid builders of the Old Kingdom. The Nubian element also became more 
significant, the influx consisting at various times of slaves, mercenaries, and 
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perhaps also invaders, not lo mention ilic slow bnt steady percolaiion into Egypt 
of a negroid element resulting from the soeuhir intermingling of neighbouring 
peoples. Thus began that gra<luation of raciul characters in the Nile valley, 
ranging from the Levantine white population of Alexandria to (.ho negro of the 
Sudan, which ha.s persisted until the preseui dn.y, and is displayed ev<m in the 
measurements of thirty thousand modern Egyptian men, which are now being 
examined by Mr. J. I. Grjug. 

It is not yet possible to express a positive opinkm as to the source of the white 
immigration into the Delia, which first reaclieil signifu'ant proportions in the 
times of the Third and Fourth Dynasties; but, from evidence wliitdi I have 
recently collected, it seems probable that the bulk of it came from the Levant, 
It is most likely, however, that there was a steady influx into the Delta of people 
coming both from east and west, and that their percolation into Egypt was so 
gradual as not to disturb violently the even flow of the evolution of the 
distinctive Egyptian civilisation. Nevertheless, it is perhaps not witliout signifi- 
cance, especially when we lake into account the simplcvniinded, unprogressive, 
and extremely conservative character of the real Egyptian, lo note that none of 
the greatest monmnents were constructed nor the most noteworthy advjuioes made 
in the arts of the Egyptian civilisation, except on the initiative of an aristocracy, 
in the composition of which there was a considerable infusion of non -Egyptian 
blood. From the times of the Pyramid builders until the present day Egypt’s 
rulers have probably never been of undiluted Egyptian origin. 


3. The Excavations at Memphis^ 

By Professor W. M. Flinders Petrie, FJtS. 

4. A Neolithic Site in the Southern Sudan} JBy C- G* Seligmann, M*D. 

The country between the White and the Blue Niles south of Gezireh consists 
of a level plain from which project isolated masses of rock. In the dry season 
water is scarce, springs being confined to the flanks and feet of the hills. 
Jebel Gule, which lies about fifty miles due west of Renk, on the White Nile, 
is over 1,000 feet high and perhaps three or four miles in circumference, and in 
the eld days it was the governing centre of a considerable population. 

At its foot there are two settlements of people who call themselves Fung, but 
are generally known to their neighbours as Hameg; they profess Islam and 
speak Arabic, but keep up a number of non-Muslim customs, and the majority 
of them still speak a language which they say they all spoke before the sixteenth 
century — the date which they give for their conversion to the Faith. 

Worked stone implements, which show that three industries were carried -on, 
were found at Jebel Gule. These include (1) a neolithic adze-head and hammer- 
stone, both of black basalt, while many grooves on the rock show where tools 
such as the adze-head had been ground. There docs not, however, appear lo bo 
any basalt on the hill. (3) A largo number of pygmy implements, which for ilui 
most part consisted of one of the varieties of quartz. A few of horn-stouo wore 
also found. (3) A large number of implomonis of horn-stone or of a hoi’ii-stono 
breccia cemented with chalcedony. Those are for tho most part scrapers, but 
blades and discs were also found, tho latter resembling tho paleolithic imple- 
ments found m Suffolk and elsewhere. There is also a single specimen of an 
implement which might be considered a small paleolithic coup de poing. 

All these implements were picked up on the surface, or covered only with a 
thin layer of blown sand, and there is therefore no certain indication of their ago. 
But in spite of the palseolithic form of some of the specimens, the nature of 
the site and. the small amount of weathering are in favour of their being neonthi(!. 
In any case, they are of an entirely different type from the worked stones 
which have hitherto been found in the Sudan in association with Meroitic or other 
historic civilisations. 
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5^ Native Pottery Methods in the Anglo-Egy'ptian Sudan} 

By G. W. Geabham, M,A. 

With tho exco})tion of a stretch of country along the Nik between Khandak 
and Iverma, in Doiigola Province, tho uso of the wheel is unknown in the Sudan. 
Three distinct methods of shaping wares by hand are in use, and may be detailed 
as follows : — ^ 

1. Tho manufacture of bormas, gudiis, &c., by men, often of the Shaigia tribe 
of Dongola, The mud is mixed with a large proportion of dung to prevent 
cracking on drying. The mouth and upper part of the jar are first formed and 
placed to dry in a special way. When the mouth is sufficiently hard to stand 
the weight of tho vessel the lower part is finished by drawing out the surplus 
mud loft for tho purpose. Tho wares are baked in a flask-shaped kiln, often 
hollowed out of tho ground. 

2. The manufacture of bormas and basins by women, often belonging to tho 
pilgrims who cross the Sudan from tho west on their way to Mecca. The clay 
used is fairly pure, but a small amount of chopped gra»ss is mixed in during the 
formation of the wares. These are shaped by pressing the clay into a hollow in 
the ground, and by this means an almost spherical vessel is produced, with a hole 
only large enough to admit the arm of the worker. Tho neck is finished off by 
hand, and the wares are built up into a low pile with dung and baked by setting 
fire to tho heap. 

3. Tho manufacture of gabaiuxs. This is carried on in Omdurman, but the 
home of the industry is probably farther cast. Two cup -shaped basins are 
formed, and, with tho aid of a hole cut in one, tho two arc joined together. 
A spout and handle are added before the vessel is scraped, polished, and orna- 
mented. Tho baking is done by building the wares into a heap with dung. 
These gabanas, or coffee-pots, are beautifully symmetrical and remarkable for 
the thinness of the ware. 


6. Note on some Anatomical Specimens of Anfhropologicallnterest^ preparei 
hy means of the New Microtome of the Cambridge Scientific Instrument 
Company. By W. L. H, Duckwobth, MA., M.D., Sc.D. 

The new microtome of the Cambridge Scientific Instrument Company provides 
a means of preparation of anthropological material possessing great interest. 
The instrument has been carefully tested at the Anatomy School at Cambridge, 
and some of the preparations yielded by it have been mounted as lantern-slides. 
The instrument is fully described in the Instrument Company’s list, and it will 
therefore .suffice in this place to state that it combines some of the valuable 
medianism of the well-known “rocking” microtome with great rigidity and 
xxniform action. The exporirnonts above mentioned show that the instrument will 
cut good sections, of an area of ten square inches at least and of material of very 
varying density, which always presents special difficulties. In a section of tho 
human leg (of an adult man) may be seen tissues so distinct in consistency as 
bone, tendon, and muscle. 

Other specimens shown included the following examples ; — 

The human larynx cut in transverse horizontal section. 

The larynx of a large adult orang-utan in vertical coronal section. 

The human tongue in vertical coronal section at various levels. 

The chief point emphasised is the importance of such preparations in eluci- 
dating the details of structure when the human tissues are compared with 
corresponding parts of the larger mammalia, particularly anthropoid monkeys. 


FBIDAY, SBPTEMBFjB 2. 

Joint Discussion with Section L on Research in Education. 

^ To be published in the Journal cf Cairo Scientific Institute, 
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MONDAY, SEPTEMBER 5. 


The following Piipors and Reports woro road * 

1. Afchwohyical Activitiet^ in the United States of Anhcrkxi^ 

By Miss Align C. 

* . , 

This paper opened with a brief account of tho foundation of the PoaLody 

Museum of American Archeoology and Ethnology, Harvard ITnivcrsiiy, the first 
inetiitution in America founded for anithropological study, and recited its 
activities during the current year. 

A short account of the Government’s movements, which finally led to the 
establishment of the Bureau of American Ethnology, its £5cope, and its work 
in the past and at the present time, followed. 

The establishment of the Field Museum, Chicago. The extensive and valuable 
contribution of the University of California. The Columbia University of New 
York. The University of Pennsylvania, Philadelphia. The Anthropological 
Department of the Natural History Museum of New York City. The’ Brooklyn 
Institute, New York. The South-West Museum, Los Angeles, California. The 
Denver Museum, Colorado. The Academy of Sciences, Davenport, Iowa. The 
founding of the Archfeological Institute of America ; its schools at Athens, Rome, 
and Jerusalem, The formation of the Committee on American Archooology. 
Development of interest in the American field among tho various affiliated societies 
of the institute. The unification of this interest by the appointment of Dr. 
Edgar L. Hewett as director of American Archfeology. The establishment of 
the School of American Archieology authorised. The generous offer of the State 
of New Mexico of the old ‘ Palace ’ building, erected in 1608, at Santa F4, for the 
use of the school and its museum. The present field activities of the school in 
the south-western parts of the United States and in Central America. Tho 
advantages the school offers to research students. 


2. A Group of Prehistoric Sites in Asia Minor. 

By A, M. Woodward, M.A., and H. A. Ormerod, B.A. 

In all nineteen prehistoric mounds wore examined, extending from tho plain 
of Elmali (in North-East Lycia) to Lake Kostel, in Pisidia, and by way of Lake 
Karalitis and the plain round Tofenni to Kura-Eyuk-bazar, at the foot of Kazyk- 
Bel, in Southern Phrygia. The shords found on the mounds consisted mainly 
of a red, hand-polished ware assignable to the Bronzo Ago, with rarer fragments 
of a black polished ware. Some of these sherds may possibly bo of neolithic 
origin. With these was found on certain sites a largo (quantity of paintod frag- 
ments, showing aiuilogies on tho one hand with Cappiidocian pot-fabrics, and 
again with those of the Early Cypriote Iron Age. This pottery would seem, 
however, for the most part indepondont of /Egean influence or importation, and 
fragments of obsidian obtained are apparently not of Melia-n origin. One of tho 
larger mounds at Tchai Konari, partly excavated for brick-earth, provided a 
rough sectional view of stratification to a depth of eight metres, with three super- 
imposed floor-levels. On another mound a few miles to the west wore tho 
remains of a megalithic house of rectangular plan, with an outer- walled court- 
yard. This building is probably to be dated not earlier than the beginning of tho 
Iron Age. 

The full extent of this civilisation is not yet determined, and generalisation 
would be premature; it would appear, however, that it is not merely a south- 
westerly extension of the prehistoric Cappadocian culture, but largely indepen- 
dent of it. In view of the suggested equation Shakalasha==Sagalassi, it would 
be interesting if these early settlements, traced hitherto to within a day’s journey 
of Sagalassus, should prove to be the home of the Shakalasha whose name 
appears on the/Merenptah inscription of the XVIIIth Dynasty. 
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3. Excavations in Thessaly, 1910. 

By A. J. B. Wage, M,A., and M. S. Thomi^son, B./l. 

Th'O sites chosen for this year’s work were Tsangli, in Central Thessaly, about 
midway between Pharsala and Velestino, and Rachmani, half-way between 
Larissa and Tempe. 

At Tsangli the work lasted from AIarch 21 to April 12, and was much inter- 
rupted by bad 'J^eathcr, rain, and snow. Wo sank several shafts from the top of 
the mound to virgin soil to test the stratification, and also on the east side cleared 
two small areas, where we found the remains of neolithic houses. The mound is 
about t\yo hundred metres long and two hundred and ten wide, and the deposit 
in the highest part is about ten metres thick. The results of the stratification of 
the pottery will be mentioned in connection with that at Rachmani. The houses 
iu‘e very interesting ; three were found built one over another. They are 
square in plan and have as a rule two internal buttresses in each angle, and 
all three belong to the latter part of the first neolithic period, but the earliest 
house is slightly more primitive in plan, and has only five internal buttresses 
instead of eight. The first two houses were abandoned, but tbe third had been 
destroyed by fire, and in it were several good vases and tw^elve celts. In 
the second a store of over sixty terra-cotta sling bullets was found. Another 
house had been destroyed by fire towards the end of the first neolithic period 
and was never afterwards rebuilt. This house is large and divided across the 
middle by a row of wooden posts. It had eight internal buttresses and a door 
in the middle of the south wall, A large number of vases were found in this 
house, many celts, and some interesting terra-cotta statuettes. In general the 
e.xcavation was very rich in stone implements. We found about seventy celts, 
including some fine examples; also between twenty and thirty good terra-cotta 
statuettes were discovered. Of these the male figures, which are rare in Thessaly, 
are remarkable for their phallic character and the female figures for their marked 
steatopygy. 

At Rachmanx the excavation lasted from April 14 to the end of the month. 
The mound is about 112 metres long and 95 wide, and the deposit is eight metres 
thick. A careful observation of the stratification of the shafts sunk in this 
mound and a comparison of it with the results from Tsangli and other sites 
enable us to divide the px^ehistoric remains of Thessaly into four periods : 

(1) Neolithic — marked by the presence of red on white painted pottery; 

(2) Neolithic — marked by the presence of Bhimini and kindred wares; (3) Sub- 
Neolithic — in this period falls the remarkable encrusted wax'e, but while stone 
tools are common, no trjxce of bronze has yet beeii found in deposits of this 
period; (4) Chalcolithic — ^in this pei'iod the pottery is unpainted, and the latter 
part of it is apparently contempox’aneous with late Minoan II. and III., for to it 
belong the tombs of Sesklo, Bhimini, and Zerelia, and the L.M. III. and Minyan 
ware found at these and other sites. It is also noticeable that at Rachraani in 
the top of the deposit of the fourth period we found many sherds of L.M. III. 
ware mixed with fragments of primitive geometric pottery like that found in 
early iron-age tombs at Marmariani and Theotokou. In the deposit of the third 
period we f oiiind aix oblong one-roomed house with the southern short aide rounded. 
In it were three good specimens of encrusted ware, a sei-ies of four figurines 
with rough terra-cotta bodies and painted stone heads, and a large store of 
iiarbonised wheat, pease, lentils, figs, &c. Another house of the same type, 
with a slightly more developed plan, was found in the deposit of the foux’th 
period, but apart from a few stone implements nothing was found in it. The 
only other finds worth separate xnention are three fragments of bronze found in the 
depo.sits of the fourth period and a tomb that contained one L.M. III. vase and 
two infei'ior gems. 

We now propose to close our prehistoric excavations in Thessaly for the 
present and to publish a book on the subject, which is in active preparation. 
Later next season we hope to excavate a prehistoric site in Macedonia and to 
resume our exploration of that country, making a special study of the prehistoric 
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L Report on Emavations on Roman Sites in Britain , — See Reports, p. 227. 


5. Report on Arohmolorjical and Ethnological Researches in Oiele, 
See Reports, p. 228. 


* , * ■ 

6. The W oris of the Liverpool Committee for Excavation and Research in 

Wales and ike Marches} By Professor R. C. Bosanqtjet. 


7. The Excavations at Caerwent, Monmouthshire^ on the Site of the Romano- 
British City of Venta Silurum, in 1909-10. By T. Ashby, M,A,, DXitt, 

The excavations of 1909 were at first carried on in the north-east corner of the 
city-. Important additions were made to the plan, which was found to preserve 
the regular arrangement noticed elsewhere. Ecmains of several houses were 
discovered, and also those of a building more than once altered, which, it is 
possible, are those of a Christian church. Later in the season attention was 
devoted to the completion of the excavation of the central insula in the north 
half of the city, which contains the forum and basilica. The greater part of it 
had been excavated in 1907,* but it was found possible in 1909 to make an^ango- 
ments for the exploration of the western portion of the basilica and the western 
side of the forum. The block was found to be perfectly rectangular, being thus 
more carefully laid out than most of the other buildings at Oaerwent. The 
basilica had no apse at either end, but at each end of the north aisle and nave was 
a chamber of the same width as theirs, while at each end of the south aisle there 
was an entrance from the streets which ran outside the forum on the east and 
west. The south aisle had an open arcade towards the forum, which was sur- 
rounded on the other sides (with the possible exception of the west side) by an 
ambulatory and shops ; and the open area was drained by a large box-drain. 

The excavations of 1910 were conducted on the south side of the high road, 
which coincides with the ancient road through the centre of the town. They 
replied in the discovery of a few houses, one of them much altered, so that its 
original plan is difficult to make out. In the centre of it is a well-constructed 
cellar. More than a hundred skeletons have been discovered here. The burials 
are obviously of post-Roman date, the walls of the house having been partially 
destroyed when the graves were dug. 


8. Excavations at Hagiar Kim and Mnaidra, Malta, 
By T. Ashby, M,A,, D.Litt, 


The excavations which were carried out by the Government of Malta under 
my direction during the month of Juno at the well-known mogalithic buildings 
(in all probability sanctuaries) of Hagiar Kim and Mnaidra 'had a twofold 
object: it was desired to ascertain whether in the original excavatirms of bol.h 
buildings in 1839 and 1840, and in the supplementai’y excavations of the former 
in 1885, the ground-plan had been completely discovered, or whether there were 
any additions to be made to itj and also, inasmuch as previous explorers had 
unfortunately almost entirely , neglected to preserve the small objects, and 
especially the pottery, which it was obvious that they must have found, to see 
whether it were not possible to remedy the deficiency to somo extent by the 
recovery of sufficient pottery at any rate for the determination of the date of 
the structure. In the course of ten days’ work at each building satisfactory 
results were arrived at in both these respects. It was found that in front of 
the fapade both of Hagiar Kim and of the lower building at Mnaidra there 
was a tege area, roughly paved with slabs of stone. This wa^ also the case at 


1 ^ published in the Liverpool Annals of Archmology and Anthropolomt, 

« of the Dublin Meeting, 1908, p, 857. 
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a building of a similar nature excavated in 1909 on the hill of Corrudino, and 
seems to have been a regular feature. No further additions (except in small 
details) were made to the plan of Hagiar Kim, but at Mnaidra it was found 
that besides the two main parts of the structure there were some subsidiary 
buildings, which, though less massive, were of considerable importance; they 
were perhaps devoted to domestic uses, inasmuch as a veiy large quantity 0 / 
pottery was found in them. It was also ascertained that the site for the upper 
part of the mai|^ building, which is undoubtedly later in date than the lower, 
was obtained by heaping up against the external north-east wall of the latter 
a mass of small stones so as S) form a level platform, instead of by cutting 
away the side of the rocky hill upon the slope of which Mnaidra is situated. 

In both buildings there were places in which the soil had not yet been 
comi^letely cleared away, and chambers in which the ancient floors of pounded 
limestone chips (locally called ‘torba’) still maintained their hardness after 
perhaps 4,000 years. It was here that small objects were found in considerable 
quantities — ^numerous fragments of pottery and of flint, but no trace of metal. 
The former corresponded absolutely with that found in the hypogeum of 
Halsaflieni (recently described in an interesting and well-illustrated little book 
by Professor T. Zammit, the curator of the Valletta Museum), and in the other 
megalithic buildings of the island ; so that it seems clear that Hagiar Kim and 
Mnaidra, like the rest, belong to the neolithic period. 

Under one of the earlier floors in Mnaidra a curious group of small votive 
terra-cottas was found. 

A few examples were also found of the small stone pillars, often narrowed in 
the centre, which ai^e common in the megalithic buildings of Malta, both in 
isolation and as sixpports to the cover-slabs of the dolmen-like niches which are 
so important a feature in these buildings. In either case Dr. Arthur Evans 
thinks that they must be treated as haetyli, or personifications of the deity. 
Dr. Albert Mayi% in his valuable book on “ .Pi'ehistoric Malta,” is of opinion that 
the round towers, of which some half-dozen exist in Malta, also belong to the 
prehistoric period ; but in a final excavation at Torre Tal Wilgia, near Mkabba, 
we were not able to find any evidence in favour of this supposition, all the 
pottery which came to light belonging at the earliest to the Punic period. 


9. Ouf - and Ring-MarTiinqs and Spirals : some Notes on the Hifpogeum at 
Halsaflieni, Malta. By Eev. H. J. Dukinfjeld Astley, Litt.D. 

This hypogoum, or series of subterranean chambers, is one of the most interest- 
ing of the many prehistoric remains in the island of Malta. It has been thoroughly 
excavated, and has recently been described by Professor Zammit. An explora- 
tion of the chambers and an exhaustive examination of the human remains and 
the pottery and figurines accompanying them, both on the spot and in the 
museum at Valletta, confirm conclusions reached by Dr. Ashby and Mr. Peot 
{/JriL Asjsec. liep., Winnipeg, 1909, p. 619), that the hypogeixm is a monument 
of the late Neolithic Age of Mediterranean culture. 

Three of the chambers have decorated roofs and w^alls, and a fourth has a 
series of decorations on both lintels of a fine double dolmen-shaped doorway. 
These decorations, in red paint, quite clear and distinct, though somewhat worn 
by time, consist of a number of cup- and ring-markings and spirals, finely 
.executed and in great variety. The combination is not common in prehistoric 
Europe, though it is in Australia. It would seem to point to an infiltration of 
Bronze Age, or Mycenean, culture, superimposed upon the Neolithic culture of 
the earlier population towards the close of that age. It is native work, but the 
influence of Crete is seen. 


191Q, 
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TUESDAY, SEPTEMBER C. 

The following Papers and BopoHs were read 

1. Kava-drinlcing in Melanesia. By W. H, R. JltVKKB, M.A., M.D. 

It is uanally stxpposed that the praetico of drinking the infusion of the 
root of PvpcT viet/iystmnn in Melanesia has l>eon introduced from Polynesia, 
but there are many facts in favour of its bci ng^ an indigc^unis Melanesian 
custom, or, if introduced, of far greater antiquity than other features of 
Melanesian culture which can be ascribed to Polynesian intluenoc. In the 
Southern New Hebrides the infusion is called kava, and,* so far as can bo 
judged from published accounts, the method of preparing it resembles that 
practised in Polynesia. Here the practice may have been modified by Polynesian 
influence. In the Northern New Hebrides, the Banks and Torres Islands, on 
the other hand, there are indigenous names; the whole ceremonial of making 
and drinking the infusion differs fundajuentally from that of Polynesia,^ and the 
use of the substance is closely connected with other social institutions. In 
many cases the use of kava has a cloarly religious (!haractei% 

The occurrence of kava- drinking in the Fly Eiver region of Now Cluinea 
suggests that the distribution of the custom may at one time have been very 
wide, and that in the greater part of New Guinea and in Northern Melanesia 
it has been replaced by betel It is easy to understand how sxxbstanccs always 
ready to hand for immediate use, such as the ingredients of the botel-mixturo, 
should have displaced one requiring the special and prolonged preparation which 
is necessary in the case of kava. A good example of such displacement is to be 
found in the Polynesian island of Tikopia, whore betel, almost certainly a 
comparatively recent introduction, has in everyday life entirely displaced kava, 
which is onljr used in the form of libations poured out at the graves of the 
dead and during various religious ceremonies. 


2. A Sidelight on Exogamy. By Miss Alice C. Fletcher. 

Some of the theories as to the origin of this widespread custom wore reviewed 
and objections stated. No one explanation of exogamy is possible at tho present 
stage of our knowledge of the many and various peoples who practise it. 
Evidences as to the reason for the practice of this custom among tho Omaha 
tribe and of five cognate tribes have been gathered during more than twenty 
years of study among them. Tho organisation of these tribes is based upon 
cosmic ideas, religious in character, and their inlluence can be traced in the 
arrangeniont of the kinship groups and in the custom pertaining to marriage, 
which explain why these people practise exogamy. 


3. The Suk ot East Africa. By Meevyn W. H. Beech, M.A. 

The Suk, or P6kwut, who live north of Lake Baringo, are of mixed origin, as 
proved by language, lippearance,^ and anthropometry. They are akin to the 
Nandi, but there is a large aboriginal element. They were originally agricul- 
turists, and their tribes are subdivided into totemic and exogamous clans. Their 
social system resembles that of the Nandi. There are a number of customs con- 
nected with marriage, birth, death, and inheritance. They have no chiefs, only 
advisers — t.e., influential men with no real power. Cattle are their chief interest 
and food. Portions of slaugl^rod animals are distributed according to age and 
sex. ^ There are many l>8li6fs and customs connected with cattle. Great pre- 
caution is tak^ lest women touch men's food. Dress, weapons and ornaments, 
and danoes difier entirely frem those of the Nandi, but resemble those of the 
Turkaja. The agriculturists have an elaborate system of land tenure and 
mtewtmg customs connected with cultivation, industries, and hunting! Beligion 
m Qomparison qf customs .connected with crime shows the hill tribes to 
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be ihc hardier people. The Suk language shows a large percentage of Nandi, a 
little Turkana, and a considerable amount of what is probably aboriginal. Tho 
absence of an article is the most noteworthy feature. 


4. Interim Beport on Arcliwolocjical Investigations in British East 
Africa , — See Beports, p. 256.. 


5. A Search for the Fatherland, of the Polynesians, By A. K. Newsman. 


6. The BuShongo of the Congo Free State} By E. Torday. 

The BuShongo, who most probably came originally from the Lake Chad 
region, inhabit the district of the Belgian Congo between tho fork of the Sankuru 
and Kasai rivers. The BuShongo nation is composed of a number of sub-tribes, 
all under the rule of one great chief. They are well-built and fine in appear- 
ance ; their movements are graceful. The genealogy of the royal house mentions 
121 successive kings, of whom the first was Chembe (God), and his name was 
Bumba. Under the twenty-seventh ruler fire-making was revealed by God to a 
man named Kori-Keri, and at this time another man invented bark clothes. 
Shamba Bolongongo, the ninety-third ruler and the great national hero, was a 
patron of the ixscful arts, a legislator and philosopher, and in his youth a great 
traveller. After his accession to the throne ho introduced the weaving of palm- 
cloth, embroidery, the use of tobacco, and the game of Lcla, revised the Court 
hierarchy, and introduced official representatives of the various trades. Uo 
ostablislied monogyny, and in his reign wood-carving and embroidery reached the 
highest pitch. 

The organisation of the government of the country as remodelled by Shambi 
exists to-day, though greatly weakened. The king in theory is .absolute, but in 
practice his power is limited by two bodies — a higher, consisting of six male 
and two female dignitaries 5 and a lower, consisting of 120 male and fifteen 
female representatives. Above all these, and to a certain extent above tho king, 
is the king’s mother. Land belongs to the nation, and is held for it by the king. 
The BuShongo engage actively in trade. 

To Belong to the BuShongo nation it is sufiicient that one parent should be 
BuShongo. Membership of a tribe and village is constituted by birth within that 
tribe and village. A man may not marry any woman for whom a term of relation- 
ship exists or who has the same totem. There is no fixed sum for the bride-pricc. 
The totem (Ikina Bari) is inherited from the father, and wives adopt the Ikina 
of their husbands. The Ikina of the mother is observed to a certain extent, but 
not transmitted beyond one generation. 

The BuShongo believe in an all-powerful Creator called Chembe. He has 
little to do with the human race, and no actual worship is paid him. There are 
several kinds of magicians, each of whom has more or loss different duties. 
The dead are exposed for a certain time before burial. During the exposure the 
relatives go into mourning and special food tabus are observed. The houses of 
the dead are left to decay. 

Before emigration the staple food consisted of millet, bananas, and yams: 
the use of cassava was subsequently introduced from the West. The chief 
condiment is palm oil. The BuShongo are great smokers. They hunt with 
hounds, and near the great rivers fishing with wicker barriers, baskets, and traps 
is practised. The work of the household is distributed <jqnally between tiio 
sexes. Men clear the ground, build the house, and hunt. Women till the soil, 
fetch the firewood, and cook. The men alone paddle, and have to provide tlm 
family with garments, which are made of palm fibre. All men, without exception, 
can weave. 


^ To bo published in book form by the Terveuren Museum, Brussels. 
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7. A Hare Form of Divided Parietal in the Cranium of a Chimpanzee,'' 
By Professor C. J. Patten, M,D,, SeJ), 

Apart from the pveBon(‘o of groups of small wormian hones, diviiion of the 
pariotals in the anthropoids is a very rare eondition. In 3M. Ic Doublets com* 
prehonsivo work on the variations of crania only, (me (‘ase of (Hmipletcs parietal 
division by a horizontal suture is recorded in his tabU^s, which <ln,t(3 back over 
fifty years. The first case was described by^ Johannes Ban^'j in 1809 in an 
adolescent female orang, one of 245 orang crania in the Selonka (jolleciion of the 
Munich Anthropological Institute. In the following year Ales Hrdlit-ka pub- 
lished a case in the Bulletin of the American Mumm, of Natural HiMory, which 
divisions he claims to be *not only the first complete divisions ()f the parietal 
observed in a chimpanzee, but are also unique in character, no divisions of the 
same nature having been observed before, either in man, or apes, or monkeys.’ 
The case now described appears also to be one of complete division of both 
parietals, each by a horizontal suture running the entiw length of the bones 
and joining the coronal with the lambdoid sutures. This case, however, is 
of fuiHiher interest owing to the extraordinary v^ay in which the upper segment 
of each bone is again subdivided, giving that part of the vault of the cranium, 
when viewed from above, the appearance of the counties of a map. Correlated 
with the condition there is a thinning out of the bones of the cranial vault, and 
reduction of the size and strength of the zygomatic arch and of many processes 
of the base of the skull. In weight this cranium is decidedly lighter than that 
of an average chimpanzee of its size. 


8. Beport of the Committee to Organise Anthropometric Investigation in 
the British Isles , — See Eeports, p 256. 


9. The Bishop^ s Siortford Prehistoric Horse, 

By Ecv. A. Irving, D.Sc,, B,A, 

The author gave a general description of the conditions under which the 
skeleton was found. Details were given as to the condition of the hones, and 
the action upon them of organic aci(is while the quaternary pond, in which the 
animal was mired, was open to the air, and before it wns buried under land- 
slides from the hill. A chemical analysis has been made of one of the boufs.s of 
the trunk in Sir William Ramsay’s laboratory at University College, The bones 
have been compared with those of Neolithic Age at Hout-h Kensington and 
Jermyn Street; also with those from Newstead, near Melrose, of the Roman 
period. Close anatomical relations were given betwoiin the Stortford skeleton 
and bones discovered (p) in the neolithic deposits of Pomerania, {h) the Bronze 
deposits of Spandau, (r) the pile-dwelling site of the Starnherger Pee, (d) the 
river drift at Ilford, and (c) the pleistocene deposits of Granchester. The verte- 
bral formula is that of the zebra (Flower), and differs both from horses of the 
EquuB Prejwdshii type and the Plateau type of Ewart. It is a lighter-limbed 
animal than Nehring’s Bemagen horse, though in its teeth it resernldos that most 
closely. Upon the whole it seems to be a blend of the ‘ Forest ’ and the ‘ Plateau ’ 
types of Ewart. The evidence obtained on the .site of its discovery was dis- 
cussed, including a Holocene molluscan fauna (Woodward). The general con- 
clusion seems warranted that the horse represents a race of post-Pleistocene 
times, as a survival into the Neolithic or Bronze Age, certainly not later than the 
La Tene age. 



^ To be published in full in Joutn, B, Anilmp, InsliMt, 
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^yEDNESDAY, SEPTEMBER 7. 

The fullowiiig Papers and Bcports were read : — 

1. On Mourning Dress. By E. Sidney Hartland. 

The question of mourning dress was discussed by Professor Frazer in the 
fifteenth volum% of the Journal of the Anthropological Imtitute, in which he 
raised several questions that have not yet been definitely settled. It is clear, 
as he says, that mourning garb was intended to be something quite distinctive 
from, if not the reverse of, ordinary costume, but its exact purpose seems still 
to be under discussion. It has been suggested that it was meant as a disguise 
in order to deceive the ghost of the dead. All kinds of spirits are easily 
deceived ; but while it is clear that protection is required from the sjjirits of the 
dead, various examples make it by no means eo clear that that protection took 
the form of disguise. Weapons and amulets are certainly employed. Other sug- 
gestions are that mourning garb and customs were intended as a return to more 
primitive conditions as a means of expressing the union with the dead. The 
mourner was supposed to partake, to some extent, of the condition of the dead, 
especially during the arduous journey of the ghost to its ultimate home. On 
the whole some weight must be given to these suggestions, but the real intention 
seems more likely to have been an expression of sorrow and abasement so as to 
deprecate the malice of a spirit which was naturally annoyed at finding itself 
disembodied. 


2. Some Prehistoric Monuments m the Scilly IsUh. 

By H. D. Aclanb. 

The present communication is the outcome of a study of the remains of the 
prehistoric monuments in the Scilly Isles during the past seven years. Although 
not yet complete, it is desirable that the results at present reached should be 
discussed in the hope that help in elucidating some of the problems presented 
may be obtained. 

Two groups of menhirs were described, each of which appears to have an 
unusual arrangement. Several of the menhirs of one group have a constant 
orientation difieinng four degrees from the nonnal bearing. 

A group of intersecting banks was also described. The bearings of the 
different members have the same variation from a normal bearing as the menhirs 
in one of the groups first described. 


3. Excavation of Broch of Cogle, Watien, Caithness. 

By Alex. Sutherland. 

It is due to Dr. Ahstruther Davidson, Los Angelos, that the existence of the 
Broch was pioved. Dr. Davidson had seen the mounds of Califoimia, and on a 
visit to his birthplace in August 1905 he resolved lo test the possibility of this 
Cogle mound containing anything of a bygone age. It stood about 6 feet high 
and 60 yards in diameter. He made a trial cut through the^ middle, and from 
this was satisfied there was here another of those prehistoric buildings called 
Brochs or Piet’s houses, of which Mousa, in Bressay, Shetland, may be regarded 
as the best-preserved specimeru 

Dr. Davidson now resolved to excavate and investigate, and communicated 
with Mr. John Nicolson Nybster, who had helped the late Sir Francis Tress 
Barry, M.P. for Windsor, in his explorations of similar structures at Keiss. 

The plan was carefully drawn by exact measurements on the spot by Mr. 
Nicolson. The only entrance, about 2 feet wide, to the Cogle broch is on the 
west. At the Scottack and other excavated Caithness brochs the entrance is on 
the east. 

The thickness of the walls is 15 feet, and the circle enclosed has a diameter 
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of 30 foot. There were two upright llagstoueR 2 feet high and 2 feet apart. 
The averjigo height of tho walls ren\aining in would be about 3 feet. 
Probably 60 or 70 feet had fallen and helped to fortu the mound. Vegetation 
had grown and deeayed and buried the Htupeiidous Mviuiun^ for ages. Who 
wore' tho brock buihlers and when did they live? are interesting questions. 
Dr. Diwidauu identifaul five sjiec('«sive layers of awhes and iiaveuient, and the 
charred renuiins of wood indicated the fuel. Trunks and branches of pine, 
birch, and hazel-nuts are frequently got in peat (tutting at ctfJisiderjible depth 
in Cogle moss. 

Dr.. Davidson made sections of some of those pines, and fotuid that their 
annual rate of growth coincided with that of the chaiTod fragmentis found so 
abundantly in the broch. 

The most important of the neolithic remains were the stone pestles found 
in the lowest stratum of ashes. These, over twenty, were in only a few iuvstances 
pestle shaped. They were made of hard-grained, basaltic-like stone, and were 
originally of oval or oblong shape. By constant use in pounding the etlgea were 
bevelled, and a few of them were worn quite circular and bevelled all round. 
Two stones with shallow martars were found. Home saddle querns were un- 
earthed with tho usual manu or hand-gi'inding stone. Nmnerous stone pebbles, 
probably used for sling stones, were found. 

Almost all the bones were broken to extract tlic maiTow, None showoa evi- 
dence of fire, and the condition of the boncis would show that they are very 
impei'feotly cooked. Parts of tusks of boar, goat, horse, and ox could be identi- 
fied, and also bat, with probably great auk. These have been sent to Professor 
JBryce, Glasgow University, for tether investigation. 


4:. Some Unexplored Fields in British Arclmology. By GisoitaE Clinch. 

The purpose of this paper was threefold, viz. : — 

1. To indicate some hitherto unexplored fields of research where antiquities 
await the spade of the field -archieologist ; 

2. To draw attention to the wholesale destruction of anliqnitics now going on 
in different parts of the kingdom ; and 

3. To suggest the establishment of regular and systematic oversight of groat 
engineering works which involve excavation and removal of the soil. 

The value of the spade in archaeological investigations was never more appre- 
ciated than it is to-day; yet, in spite of activity in various directions, many 
fields of research remain either entirely unoccupietl or only partially worked. 
Whilst Boman sites are being explored in considerable nunitvors in lOngland, 
Wales, ^ and Scotland, ihe remains of pro-Roman times are, with one or two 
exceptions, comparatively ncjgloctcd. It is romarkjiblo i.hat ro little attention is 
given to the sites of prehistoric huts and other dwellings. A hint of wlnt mnv 
be ex]'K;cted by tether excavation of these sites is afforded by the recent nvvr 
dental discovery of gold tores of tho Bronze Ago under tho floors of ancient hut 
dwellings at iBexley, Kent. 

The sites of ancient dwellings exist in large numhors in many partis* of tho 
country. They may be traced in mnch of the uncultivated land in England, 
as well as the mountainous districts of Wales. In corbiin districts in Wales 
dwelling-sites are particularly abundant, and in some cases in close proximity to 
bogs, a circumstance which suggests tho advisability of draining the bogs with 
a view of recovering the antiqiiities which almost certainly are buried therein. 

Other unoccupied archmological fields are blown-sands, dry river-beds, tho 
dry sites resulting from shrunken and diverted rivers and drained marshes. 
In these various deposits the antiquities are in comparative safety, although 
in many ddstricts scientific investigation, on the linos of tho excellent work at 
Glastonbury, is most desirable. 

The wholesale destruction of antiquities now going on as a result of coast- 
and railway and other great engineering works, is a most serious matter, 
pr^smg need for supervision of all these great works, in order fhat 
may be rescued and the circumstances of their discovery tdacod 
^ record, , ’ ' , 
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The writer advocated the immediate establishment, as far as possible, of a 
regular system of archaeological oversight wherever and whenever excavations 
are being made in the soil j and he suggested that the matter be brought to the 
notice of the Government in order to enlist its sympathy and support. 

5. Report on the Lake Villages in the Neighbourhood of Glastonbury. 

^ See Reports, p. 258. 

6. Re'port on the Age of Stone Circles . — See Reports, p. 264. 

7. Report of the Anthropological Photographs Committee. 

See Reports, p. 257. 

8. Report on the Preparation of a New Edition of Notes and Queries 
in Anthropology , — ^Sce Reports, p. 26C» 

9. Report on Archceological and Ethnological hmstigations in 
Sardinia . — See Reports, p. 264. 

10. Report on an Ethnographic Surmy of OawatZa.— See Reports, p. 265. 
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Section I.-~PHYSI0L0GY. 

President oe the Section. — ^Professor A. B. Macallum, M.A., 
Pli.D., Sg.D., LL.D., F.R.S. 


THU BSD AY, SEPTEMBEIi 1. 

The President delivered the following Address : — 

The record of investigation of the phenomena of the life of animal and vegetable 
cells for the last eighty years constitutes a body of knowledge which is of 
imposing magnitude and of surpassing interest to all who are concerned in the 
studies that bear on the organic world. The results won during that period will 
always constitute, as they do now, a worthy memorial of the intense enthusiasm 
of the scientific spirit which has been a distinguishing feature of the last six 
decades of the nineteenth century. We are to-day, in consequence of that 
activity, at a point of view the attainment of which could not have been pre- 
dicted half a century ago. 

This body of knowledge, this lore which we call cytology, is still with all this 
achievement in one respect an undeveloped science. It is chiefiy — nay, almost 
wholly — concerned with the structural or morphological side of the cell, while of 
the functional phenomena our knowledge is only of the most general kind, and 
the reason is not far to seek. What little wo know of the 2 :>hysiological side of 
the cell — as, for example, of cellular secretion, absorption, and nutrition — has 
only to a very limited extent been the outcome of observations directed to that 
end. It is in very great part the result of all the inferences and generalisations 
drawn from the data of morphological research. This knowledge is not the less 
valuable or the less certain because it has been so won, but simply because of its 
source and of the method by which we have gained it, it is of a fragmentary 
character, and therefore less satisfactory in our estimation. 

This state of our knowledge has affected— or, to express it more exxfiicitly, has 
fashioned — our concept of living matter. When we think of the cell it is 
idealised as a morphological element only. Tho functional aspect is not ignonul, 
but we know very little about it, and we veil our ignorance by classing iis 
manifestations as vital phenomena. 

It is true that in the last twenty jrears, and more particularly in the last ten, 
we have gathered something from biochemical research. We know miicli con- 
cerning ferment or catalytic action, of tho physical characters of colloids, of tho 
constitution of proteins, and their synthesis in the laboratory 2)romiscs to be an 
achievement of the near future. We are also in a position to understand a little 
more clearly what happens in proteins when, on decomposition in tho cell, they 
yield the waste products, urea, and other metabolites, with carbon dioxide and 
water. Further, fats can be formed in tho laboratory from glycerine and fatty 
acids, ^ a large number of which have also been synthesis<^d, and a very largo 
majority of the sugars of the aldohexose type have been built \ip from simpler 
compounds. These facts indicate that some of the results of the activity of 
ammal and vegetable cells may be paralleled in the laboratory, but that is as far 
as the resemblance extends.^ The methoda of the laboratory are not as yet those 
^ ^ure. In the formation of carbohydrates, for example, the chlorophyll- 
hoMmg ceil makes use of processes of the most speedy and effective character, 
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but nothing of those is known to us except that they are quite unlike the pro- 
cesses tho laboratory employs in the artificial synthesis of carbohydrates. Nature 
woiks unerringly, unfalteringly, with an amazing economy of material and 
energy, while ‘ our laboratory syntheses are but roundabout ways to the waste 
sink.’ 

In consequence, it is customary to regard living matter an unique — sui generis, 
as it were wuthout an analogue or parallel in the inorganic world — and the 
secrets involved^in its actions and activities as insoluble enigmas. Impelled by 
this view there are those^ also, who postulate as an explanation for all these 
manifestations the intervention in so-called living matter of a force otherwise 
and elsewhere unknown, biotic or vital, whose action is directed, according to the 
character of the structure through which it operates, to the production of the 
phenomena in question. Living protoplasm is, in this view, but a mask and a 
medium for action of the unknown force. 

This is an eld doctrine, but it has again made headway in recent years owing 
to the reactioir from the enthusiasm which came from the belief that the applica- 
tion of the known laws of physics ‘and chemistry in the study of living matter 
w'ould explain all its mysteries. A quarter of a century ago hopes were high 
that the solution of these problems would soon be found in a more profound 
comprehension of the laws of the physical world. Since then there has been an 
extraordinai'y increase in our knowledge of the structure and of the products of 
the activity of living matter without a corresponding increase in knowledge of 
the processes involved. The obscurity still involving the latter appears all the 
greater because of the high lights thrown on the former. Despair, in conse- 
cjuence, has taken the place of hope with some, and the action of a mysterious 
force is invoked to explain a mystery. 

It may be admitted that our methods of investigation are very inadequate, 
and that our knowledge of the laws of matter, seemingly comprehensive, is not 
at present profound enough to enable us to solve all the problems involved in the 
vital phenomena. The greatest factor in the difficulty of their solution, how- 
ever, has been the fact that there has been a great lack of . investigators specially 
trained not only in biology, but also in physics and chemistry, for the very 
purpose of attacking intelligently such problems. The biologists, for want of 
such a wide training, have emphasised the morphological aspect and the readily 
observable phenomena of living matter; while the physicist and chemist, know- 
ing little of the morphology of the cell and of its vital manifestations, have 
been unable to apply satisfactorily the principles of their sciences to an under- 
standing of its processes. The high degree of specialism which certain depart- 
vients of biology have in recent years developed has made that difficulty greater 
than it was. 

It must also be said that in some instances in which the physicist and 
chemist attempted to aid in the solution of biological problems the result on 
the whole has not been quite satisfactory. In, for example, the phenomena of 
osmosis the application of Arrhenius’ theory of ionisation and van’t Hoff’s gas 
theory of solutions promised at fix’'st to explain all the processes and the results 
of diffusion through animal membi'anes. These theories were supix)rted by such 
an array of facts from the side of physics and physical chemistry that there 
appeared to be no question whatever regarding their universal validity, and their 
application in the study of biological phenomena was urged with acclaim by 
physical chemists and eagerly welcomed by physiologists. The result in all 
was not what was expected. Diffusion of solutes, according to the theories, 
should, if the membrane is permeable to them, always be from the fluid where 
their concentration is high to that in which it is low. This appears to happen in a 
number of instances in the case of living membrane — or, at least, we may assume 
that it occurs — but in one signal instance at least the very reverse normally 
obtains. In the kidney, membranes formed of cells constituting the lining of the 
glomeruli and the renal tubules separate the urine, as it is being formed, from 
the blood plasma and the lymph circulating through the kidney. Though the 
excreted fluid is derived from the plasma and lymph, it is usually of much 
greater osmotic concentration than the latter. 

It may be urged that this and other discrepancies are explained by the 
distribution (or paHition) coefficient of the solutes responsible for the greater 
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concentration of the product of excretion, these solutes being more soluble in the 
csccreted medium than in the blood phisina, and distributing or diffusing them- 
selves accordingly^ If such a principle is applicable hero as an explanation, it 
may be quite as much so in other physiological cases in which the results are 
su})posedly due only to the forces postvdated in the Uieorics of van’t Hoff and 
Arrhenius. Whether this bo so or not, the central fact remains that the enthusi- 
astic hopes with which the theories were applied by physiologists and biologists 
in the explanation of certain vital phenomena have not boon whf»lly realised. 

The result has been a reaction amoiigst physiologists and biologists whi(^h 
has not been the least contributory of all the causes that have led to the present 
revival of vitalism. 

Another difficulty in accounting for the vital phenomena has been due, until 
recently, to a lack of knowledge of the physical and chemical properties of 
colloids and colloidal ' solutions.’ The importance of this knowledge consists in 
the fact that protoplasm, ‘the physical basis’ of life, consists mainly of colloids 
and water. Till eleven years ago what was known reprding colloids was 
derived chiefly from the researches of Graham (1851-62), Ljubavin (1889), Barns 
and Schneider (1891), and Linder and Picton (1892-97), who wore the pioneers in 
this line. In 1899 were published the observations of Hardy, through whose 
investigations very great progress in our knowledge of colloids was made. In 1903 
came the invention of the ultramicroscope by Siedentopf and Zsigmondy, by which 
the suspension character of colloid material in its so-called ‘solutions’ was visually 
demonstrated. During the last seven years a host of workers have by their 
investigations greatly extended our knowledge of the physical and chemical 
properties of' colloids, and now the science of Collochemistry bids fair, the more it 
develops, to play a very important part in all studies bearing on the constitution 
and properties of living matter. 

Then, also, there are the phenomena of surface tension. This force, the 
nature of which was first indicated by Segner in 1751, ami doscrilwd with more 
detail by Young in 1804 and La Place in 1806 in the expositions of their theories 
of capillarity, was first in 1869 only casually suggested as a factor in vital pro- 
cesses by Engelmann. Since the latter date and until 1892, when Biitschli pub- 
lished his observations on protoplasmic movement, no serious effort was made 
to utilise the principle of this force in the explanation of vital phenomena. Even 
to-day, when we know more of the laws of surface tension| it is only introduced 
as an incidental factor in speculations regarding the origin of protoplasmic move- 
ment and muscular contraction, and yet it is, as I shall maintain later on in 
this address, the most powerful, the most important of all the forces concerned 
in the life of animal and vegetable cells. 

. ^ It may be gathered from all that I have advanced here that the chief defect in 
biological research has been, and is, the failure to apply thoroughly the laws of 
the pnysical world in the explanation of vital phenomena. Because of this too 
much emphasis is placed on the division that is made between fhebiologiwd nnd th ^ 
physical sciences. This division is very largely an artificial one, and it will in all 
probability bo maintained eventually only as a convenience in the classification < f 
the sciences. The biologist and physiologist have to deal with problems in whi( h 
a wide range of knowledge is ncccs.sary for their adequate treatment; and, if the 
individual investigator has not a very oxten.sive training in the physical sciences, 
it is impossible for him to have at his command all the facts bearing on the subject 
of his research, unless tha problem involved be a very narrow one. The lack of 
this wide knowledge of the physical sciences tends to specialism, and, as the 
specialism is ever growing, it will produce a serious situation eventually, for it 
will develop a condition in the scientific world in which co-ordination of effort and 
a broad outlook will be much more difficult than is the case now. 

This growing defect in the biological sciences, can only be lessened by tho 
insistence of those in charge of advanced courses in biological and physiological 
laboratories that only they whose training is of a very wide character should be 
allowed to take up research. It is, perhaps, futile to expect that such a rule will 
ever be enforced, for in the keen competition between universities for young 
^ teaohera who have inade some reputation for original investigation there may not be 
a of the qualifications of those who offer themselves for post- 

isj, further^ the difficulty that the heads of scientific 
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deparlments are not desiroua of limiting the output of new knowledge from 
thoir laboratories by insisting on the wider training for the men of science who 
are in the process of developing as students of research. 

it is perhaps true, also, that there still remains a groat deal unobserved or 
unrecorded in the fields of biology, physiology, and biochemistry, in the investiga- 
tion of all of which a broad training is not specially required to give good 
service ; and that, further, this condition will obtain for one or two decades still. 
It is c^uite as cAtain, however, that the returns from such service will tend to 
diminish in number and value, and, if the coming generation of workers is not 
recruited from a systematically and broadly trained class of students, a period 
of comparative sterility may supervene. 

As it is to-day, there are few who devote themselves to the direct study of 
the chemical and physical properties of the cell, the fundamental unit of living 
matter. There are, of course, many who are concerned with the morphology of 
the cell, and who employ in their studies the methods of hardening and staining 
which have been of very great service in revealing the structural as well as the 
supei’ficial chemical properties of the cell. On the facts so gained views are 
based which deal with the chemistry of the cell, and which are more or less 
widely accepted, but the results and generalisations drawn from them give us 
but little insight into the chemical constitution of the cell. We recognise in the 
morphologists’ chromatin a substance which has only in a most general way an 
individuality, while the inclusions in the nucleus and the cytoplasm, on whose 
distinction by staining great emphasis is laid, can only in a most superficial way 
be classified chemically. 

The results of digestion experiments on the cell structures are also open to 
objection. The action of pepsin and hydrochloric acid must depend very largely 
on the accessibility of the material whose character is to be determined. If 
there are membraneis protecting cellular elements, pepsin, wdiich is a celloid, if 
it diffuses at all, must in some cases at least penetrate them with difficulty. In 
^piTogym, for example, the external membrane formed of a thick layer of 
cellulose is impermeable to pepsin, but not to the acid j and, in consequence, the 
changes which occur in it during peptic digestion are due to the acid alone. 
Even in the cell whose periphery is not protected by a membrane, the insoluble- 
colloid material at the surface serves as a barrier to the free entrance of the 
pepsin. It is, however, more particularly in the action on the nucleus and its 
contents that peptic digestion fails to give results which can be regarded as free 
from objeciion. Hero is a membrane which during life serves to keep out of the 
nucleus not only all inorganic salts but also all organic compounds, except chiefly 
those of the class of nucleo-proteins. That such a membrane may, when the 
organism is dead, be permeable to pepsin is at least open to question, and in 
consequence what we sec in the nucleus after the coll has been acted on by 
pepsin and Ijydrochloric acid cannot bo adduced as evidence of its chemical or 
oven of its morphological character. 

The results of digestive experiments on cells are, therefore, misleading. 
What may h*om them appear as nuclco-protein may be anything but that, while, 
if the pepsin penetrates as readily as the acid, there shouhl be left not nucleo- 
protein, but pure nucleic acid, which should not stain at all. 

The objections which I now urge against the conclusions drawn, from the results 
of digestion experiments have developed out of my own observations on yeast cells, 
diatoms, Sfirogyra, and especially the Blue-green Algae. The latter are, as is 
f^pirogyra^ encased in a membrane which is an effective barrier to all colloids. 
When, therefore, threads of Oscillaria are subjected to the action of artificial 
gastric juice, a certain diminution in volume is observed owing to the dissolving 
power of the hydrochloric acid, and an alteration of the staining power of certain 
structures is found to obtain ; but the pepsin has nothing to do with these, as may 
be determined by examination of control preparations treated with a solution 
of hydrochloric acid alone. 

It is thus seen how slender is our knowledge of the chemistry of cells derived 
from staining methods and from digestion experimenis. That, however, has not 
been the worst result of our confidence in our methods. It has led cytologists 
to rely on these methods alone, to leave rmdevelopecl others which might have 
thrown great light on the chemical constitution of the cell, and which might have 
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enabled us to xmderstand a little more cdearly the causation of some of the 
vital phenomena. 

It -was the futility of some of the old methods that led me, twenty years ago, 
to attack the chemistry of the cell from what appeared to me a correctly chemical 
standpoint. It seemed to mo then, and it appears as true now, that a diligent 
search for decisive chemical reactions would yield results of tlxo very greatesit 
importance. In the interval I have been able to accomplish only a small fraction 
of what I hoped to do, but I think the results have justified the V^iew that, if there 
had been many investigators in this line instead of only a very few, the science 
of Cytochemistry^ would play a larger part in the solution of the problems of cell 
physiology than it now does. 

The methods and the results are, as I have said, meagre, but they show 
distinctly indeed that the inorganic salts are not diffused uniformly throughout 
the cell ; that in vegetable cells they are rigidly localised, while in animal cells, 
except those devoted to absorption and excretion, they are confined to specified 
areas in the cell. Their localisation, except in the case of inorganic salts of iron, 
is not due to the formation of precipitates, but rather to a condition which is the 
result of the action of surface tension. This seems to me to be the only ex- 
planation for the remarkable distribution, for example, of iDotash salts in 
vegetable cells. We know that, except in the chloroplatinate of potassium and 
in the hexanitrite of potassium, sodium and cobalt, potassium salts form no pre- 
cipitates ; and yet, in the cytoplasm of vegetable cells, the potassium is ro 
localised at a few points as to appear at first as if it were in the form of a pre- 
cipitate. In normal active cells of Sfirogyra it is massed along the edge of the 
chromotophor, while in the mesophyllic cells of leaves it is condensed in masses 
of the cytoplasm, which are by no means conspicuous in ordinary preparations 
of these cells. 

This -effect of surface tension in localising the distribution of inorganic salts 
at points in the cytoplasm would explain the distribution of potassium in motor 
structures. In striated muscle the element is abundant in amount, and is confine(i 
to the dim bands in the normal conditions. In Vorticdlaf apart from a minute 
quantity present at a point in the cytoplasm, it is found in very noticeable 
amounts in the conti’actile stalk; while in the Holotrichate Infusoria (Pam- 
mcecium) it is in very intimate association with the basal elements of the cilia in 
the ectosarc. This, indeed, would seem to indicate that the distribution of the 
potassium is closely associated with contraction, and, therefore, with the pro- 
duction of energy in contractile tissues. The condensation of potassium at a 
point may, of course, be a result of a combination with portions of the cytoplasm, 
but we have no knowledge of the occurrence of such compounds ; and, further, 
the presence of such does not explain anything, or account for the liberation of 
energy in motor contraction. On the otner hand, the action of surface ten.sion 
would explain not only the localisation of the potassium but also the liberation 
of the energy. 

In vessels holding fluids the latter, in relation to surface tension, have 
two surfaces — one free, in contact with the air, and known as iho air-water sur- 
face; the other, that in contact with the wall of the containing vessel (ghiss). In 
the latter the tension is lower than in the former. When an inorganic com- 
pound— a salt, for example— is dissolved in the fluid it increases tlio tension at 
the air-water surface, but its dilution is much greater hero than in any other 
part of the fluid; while at the other surface its concentration is greatest. In 
the latter case the condition is of the nature of adsorption. The condensation on 
tha^ portion of the surface where the tension is least is responsible for what we 
find when a solution of a coloured salt, as, e,^., potassium permanganate, is 
driven through a layer of dry sand. If the latter is of some considerable thick- 
ness the fluid as it passes out is colourless. The air-solution surface tension is 
higher than the tension of each of the solution-sand surfaces on which, therefore, 
the permanganate condenses or is adsorbed. The same phenomenon is observed 
wh^ a long strip of filter-paper is allowed to hang with its lower end in contact 
with a moderately dilute solution of a copper salt. The solution is imbibed by 
the fllte-paper, and it ascends a certain distance in a couple of minutes, when 
itjuay be found that the uppermost portion of the moist area is free from even 
a ttaoe? of copper salt. 
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If, on the other hand, an organic compound — as, for instance, one of the bile 
salts — instead of an inorganic compound is dissolved in the fluid, the surface 
tension of the air-w.ater surface is reduced, and in consequence the bile salt is 
(ioncentrated at that sui’face; wlTile in the remainder of the fluid, and particu- 
larly in that portion of it in contact with the wall of the vessel, the concentra- 
tion is reduced. 

The distribution of a salt in such a fluid, whether it lowers surface tension or 
increases it, is jjue to the action of a law which may be expressed in words to 
the effect that the concentration in a system is so adjusted as to reduce the energy 
at any point to a minimum. 

Our knowledge of this action of inorganic and organic substances on the 
surface tension in a fluid and of the differences in their concentrations throughout 
the latter was contained in the results of the observations on gas mixtures by 
J. Willard Gibbs, published in 1878. The principle as applied to solutions was 
independently discovered by J. J. Thomson in 1887. It is known as the Gibbs’ 
principle, although the current enunciations of it contain the more extended 
observations of Thomson. As formulated usually it is more briefly given, and 
its essential points may be rendered in the statement that when a svhstanca on 
solution in a fluid lowers the surface tension of the latter the concentration of the 
solute is greater in the surface layer than elsewhere in the solution; hut when the 
substance dissolved raises the surface tension of the fluids the concentration of 
the solute is least m the surface layers of the solution. 

It is thus seen how in a system like that of a drop of water with different 
contact surfaces the surface tension is affected, and how this alters the distribu- 
tion of solutes. It is further to be noted that for most organic solutes the action 
in this respect is the very reverse of that of inoi’ganic salts. Consequently, in a 
living cell which contains both inorganic and organic solutes, and in which there 
are portions of different composition and density, the equilibrium may be subject 
to disturbance constantly through an alteration of the surface tension at any point. 
Such a disturbance may be found in a drop of an emulsion of olive oil and 
potassium carbonate in the well-known experiments of Biitschli. When the 
emulsion is appropriately prepared, a minute drop of it, after it is surrounded with 
water, will creep under the cover glass in an amoeboid fashion for hours, and 
the movement will be more marked and rapid when the temperature is raised to 
W to 50° C. All the phenomena manifested are clue to a lowering of the surface 
tension at a point on the surface, as a result of which there is protrusion there 
of the contents of the drop, accompanied, Biitschli holds, by streaming cyclic 
currents in the remainder of the mass. 

Surface-tension also, according to J. Traube, is all-important in osmosis, and 
ho holds that it is the solution pressure {Haftdruch) of a substance which 
determines the velocity of the osmotic movement and the direction and force 
of the osmotic pressure. The solution pressure of r'l substance is measured by 
the effect that substance exercises when dissolved on the surface tension of its 
solution, or, to put it in Traube’s own way, the more a substance lowers or raises 
the surface tension of a solvent (water) the less or greater is the solution pressure 
{Haftdruck) of that substance. This solution pressure, Traube further holds, is 
the only force controlling osmosis through a membrane, and he rejects completely 
the bombardment effect on the septum postulated in the van’t Hoff theory of 
osmosis. 

The question as to the nature of the factors concerned in osmosis must remain 
undecided until the facts have been more fully studied from the physiological 
standpoint, but enough is now known to indicate that surface tension plays at 
least a part in it, and the omission of all consideration of it as a factor is not by 
any means a negligible defect in the van’t Hoff theory of osmosis. 

The occurrence of variations in surface tension in the individual cells of an 
organ or tissue is difficult to demonstrate directly. We have no methods for that 
purpose, and, in consequence, one must depend on indirect ways to reveal whether 
such variations exist. The most effective of these is to determine the distribution 
of organic solutes and of inorganic salts in the cell. The demonstration of the 
former is at present difficult, or even in some cases impossible. The occurrence 
of soaps which are amongst the most effeeftive agents in lowering surface tension 
may be revealed without difficulty tnicrochemically, as may also neutral fats; 
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but W6 have as yet no delicate microchcmical tests for sugars, urea, and other 
nitrogenous metabolites, and in consequence the part they play, if any, in altering 
the surface tension in different kinds of cells, is unknown. Further research 
may, however, result in discovering methods of I’evcaling their occurrence micro- 
chemically in the cell. We are in a like difficulty with regard to sodium, whose 
distribution we can determine microchemically in its chief compounds, the 
chloride and' phosphate, only after the exclusion of potassium, calcium, and 
magnesium. We have, on the other hand, very sensitive reactions for potassium, 
iron, calcium, haloid chlorine, and phosphoric acid, and wuth hiothods based on 
these reactions-, it is possible to localise the majority of the inorganic elements 
which occur in the living cell. 

By the use of these methods we can indirectly determine the occurrence of 
differences in surface tension in a cell. This determination is based on the 
deduction from the Gibbs-Thomson principle that, where in a cell an inorganic 
element or compound is concentrated, the surface tension at the point is lower 
than it is elsewhere in the cell. If, for example, it is concentrated on one^ wall of a 
coll. The thickness of this layer must vary with the osmotic concentration in the 
cell, with the specific composition of the colloid material of the cytoplasm and 
with the activity of the cell, but it should not exceed a few hundredths of a 
millimetre (0'02 to 0'04 min.), while it might be very much less in an animal cell 
whose greatest diameter does not exceed 20 . 

Numerous examples of such localisation may be observed in the confervqid 
Ppotophyta. In Ulothriz, ordinarily, there is usually a remarkable condensation 
of the potassium at the ends of the cell on each transverse wall. The surface 
tension, on the basis of the deduction from the Gibbs-Thomson principle, should 
be, in all these cases, high on the lateral walls and low on those surfaces 
adjoining the transverse septa. 

The use of this deduction may be extended. There arc in cells various imdu- 
sions whose composition gives them a different surface tension from that prevailing 
in the external limiting area of the cell. Further, the limiting portion of the cyto- 
plasm in contact with these inclusions must have surface tension also. When, there- 
fore, we find by microchemical means that a condensation of an inorganic clement 
or compound obtains immediately within or without an inclusion, we may conclude 
that there, as compared with the external surface of the cell, the surface tension 
is low. It may be urged that the condensation is due to absorption only, but this 
objection cannot hold, for in the Gibbs-Thomson phenomena the localisation of 
the solute at a part of the surface as the result of high tension elsewhei-e of the 
solution is, in all probability, due to absorption, and is indeed so regarded.^ 

It is in this way that we can explain the remarkable lo<.’alisation of potassium 
in the cytoplasm at the margins of the chromatophor in Spirogym ancl also the 
extraordinary quantities of potassium held in or on the inclusions in the meso- 
phyllio cells of leave.s. In Infusoria {Tortktllay Parmnoecium.) the potassium 
present apart from that in the stalk or ectosarc is confined to one or more small 
granules or masses in the cytoplasm. 

How impoi-tant a factor this is in clearing the active portion of the cytoplnsm 
of compounds which might hamper its action, a little consideration will show. 
In plants very large quantities of salts are caxTied to the leaves by the sap from 
the roots, and among these salts those of potassium arc the most abundant ns 
a rule. Reaching the leaves these salts do not return, ancl in consequence during 
the functional life of the leaves they accumulate in the inesophyllic cells in very 
large quantities, which, if they wei'e not localised as described in the cell, would 
affect the whole cytoplasm and alter its action. 

Enough has been advagiced here to indicate fhat surface tension is not a minor 
feature in cell life. I would go even further than this and venture to say that 
the energy , evolved in muscular contraction, that also involved in secretion and 
excretion, the force concerned in the phenomena of nuclear, and cell division and 
that force also engaged by the nerve cell in the production of a nerve impulse 
;are but manifestations of surface tension. On this view the living cell is but a 
maehine, an engine, for transforming potential into kinetic and other forms of 
thrqugh or by changes in its surface energy. 

fr- . . fteundlioh, Kapillufchmu, p. BO, 1009, 
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To present an ample defence of ail the parts of the thesis just advanced is 
more than I propose to do in this address. That would take more time than is 
customarily allowed on such an occasion, and I have, in consequence, decided 
to confine my observations to outlines of the points as specified. 

It is not la new view that surface tension is the source of the muscular con- 
traction, As already stated, the first to apply the explanation of this force as a 
factor in cellular movement was Engelmann in 1869, who advanced the view that 
those changes in^ shape of cells which are classed as contractile are all due to 
that force which is concerned in the rounding of a drop of fluid. The same view 
was expressed by Rindfleisch in 1880, and by Berthold in 1886, who explained the 
protoplasmic streaming in cells as arising in local changes of surface tension 
between the fluid plasma and the cell sap, but he held that the movement and 
streaming of Amcsb(B and FlasmodicQ are not to be referred to the same causes as 
operate in the protoplasmic streaming in plant cells. Quincke in 1888 applied the 
principle of surface tension in explaining all protoplasmic movement. In his 
view the force operates, as in the distribution of a drop of oil on water, in 

spreading protoplasm, which contains oils and soaps, over surfaces in which the 

tension is greater, and as soap is constantly being forjned, the layer containing it, 

having a low tension on the surface in contact with water, will as constantly 

keep moving, and as a result pull the protoplasm with it. The movement of the 
latter thus generated will be continuous and constitute protoplasmic streaming. 
In a similar way Biitschli explains the movement of a drop of soap emulsion, 
the layer of soap at a point on the surface of the spherule dissolving in the water 
and causing there a low tension and a streaming of the water from that point 
over the surface of the drop. This produces a corresponding movement in the 
drop at its periphery and a return central or axial stream directed to the point 
on the surface where the solution of the soap occurred, and where now a protrusion 
of the mass takes place resembling a pseudopodium. In this manner, Biitschli 
holds, tho contractile movements of Amoehca are brought about. In these the 
chylema or fluid of the foam-like structure in the protoplasm is alkaline, it con- 
tains fatty acids, and, in consequence;! soaps are px^esent which, through rupture 
of the superficial vesicles of the foam-like structure at a point, are discharged on 
the free surface and produce there the diminution of surface tension that calls 
forth currents, internal and external, like those which occur in the case of the 
drop of oil emulsion. 

The first to suggest that surface tension is a factor in muscular contraction was 
B’Arsonval, but it was Imbert who, in 1897, directly applied the principle in 
explanation of the contractility of smooth and striated muscle fibre. In his 
view the primary conditions are different in the former from what obtain in the 
latter. In smooth muscle fibre the extension is determined, not by any force inside 
it, but by external force such as may distend the organ (intestine, bladder, and 
arteries) in whose vrall it is found. The " stimulus ’ which causes the contraction 
increases the surface tension between the surface of the fibre and the surrounding 
fluid, and this of itself has the effect of making the fibre tend to become more 
spherical or shorter and thicker, which change in shape does occur during con- 
traction, He did not, however, explain how the excitation altered the surface 
tension, except to say that its effect on sxxrface tension is like that of electricity, 
with which the nerve impulse presents some analogy. In striated fibre, on the 
other hand, the discs constituting the light and dim bands have each a longitu- 
dinal diameter which is an effect of its surface tension, and this causes extension 
of the fibre during rest. When a nerve impulse reaches the fibre the surface 
tension of the discs is altered, and there results a defonnation of each, involving 
a shortening of its longitudinal exis and thus a shortening of the whole fibre. 

According to Bernstein, in both smooth and striated muscle fibre there is, in 
addition to surface tension, an elastic force residing in the material composing the 
fibre which, according to tlxe conditions, sometimes opposes and sometimes assists 
the surface tension. The result is that in the muscle fibre at rest the surfaoo 
must exceed somewhat that of the fibre in contraction. In both conditions the 
sum of the two foi'ces, surface tension and elasticity, must be zero. In contraction 
the surface tension increases, and with it the elasticity also. Taken as a whole 
this would not explain the largo force generated in contraction, for the energy 
liberated would be the product of suyfaco tension and the amount representinS? 
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the diminution of the surface due to the contraction. As the latlor is very small 
the product is much below the amount of energy in the form of work done 
actually manifested. To get over this difficulty Bernstein postulates that in 
muscle fibres, whether smooth or striated, there are fibrils surrounded by sarco- 
plasma, and that each fibril is formed of a number of cylinders or biaxial 
ellipsoids singly disposed in the course of the fibril, but separated from each 
other by elastic material and surrounded by sarcoplasma. Between the ellipsoids 
and the sarcoplasma there is considerable surface tension, which prevents mixtui'e 
of the substances constituting both. The excitation through ffBio nerve impulse 
causes an increase of surface tension in these ellipsoids, and they become more 
spherical. In consequence the decrease in surface of all the ellipsoids constituting 
a fibril is much greater than if the fibril were to be affected as an individual 
unit only by an increase of surface tension, and thus the surface energy developed 
would be correspondingly greater. The ellipsoids, Bernstein explains, are not to 
be confused with the discs, singly and doubly refractive in striated fibre ; for these, 
he holds, are not concerned in the generation of the contraction but with the 
processes that make for rapidity of contraction. The extension of a muscle after 
contraction is due to the elastic reaction of the substance between the ellipsoids in 
the fibrils. Bernstein further holds that fibrils of this character occur in the 
protoplasm of Amoehce, in the stalk of Vorticclla, and in the cctoplasma of 
StentoT, and this explains their contractility. 

It may be said in criticism of Bernstein’s view that his ellipsoids arc from 
their very nat ire non-demonstrable structures, and, therefore, must always remain 
as postulated elements only. Further, it may be pointed out that ho attributes 
too small a part to surface tension in the lengthening of the fibre after contrac- 
tion, and that the elasticity which muscle appears to possess is, in the last analysis, 
but a result of its surface tension. 

As regards Quincke’s explanation of protoplasmic movement and streaming, as 
well as of muscular contraction, Biitschli has shown that it is based on a mistaken 
view of the structure of the cell in CJiara and other plant forms in which proto- 
plasmic streaming occurs, Biitschli’s own hypothesis, however, is defective in 
that it postulates a current in the fluid medium just outside the Ama>ba and 
backward over its surface, the existence of which Berthold denies, and Biitschli 
himself has been unable to demonstrate, even with the aid of fine carmine powder 
in the fluid. He did, indeed, observe a streaming in the water about a creeping 
Pelo7m/xa, but the current was in the opposite direction to that demanded by 
His hypothesis. Further, his failure to demonstrate the occurrence of the postu- 
lated backflow in the water about the contracting or moving mass of an A?na^ha 
or a Pelomyxa^ makes it difficult to accept the hypothesis ho advanced to explain 
fhat'backflbw, namely, that rupture of peripheral vesicles of the. proto- 

plasm occurs, with a consequent discharge of their contents (proUnns, oils, and 
soaps) into the surrounding fluid. Surface tension, further, on this hypothesis 
would be an uncertain and ^wasteful factor in the life of the cell. On n priori 
grounds also it would seem improbable that this force should be generated oxitside 
instead of inside the cell, 

One common defect of all these views is that they made only a limited applica- 
tion of the principle of surface tension. This was because sorno of its phenomena 
were unknown, and especially those illustrating the Gibbs-’IInmison principle. 
With its aid and with the knowledge of the dktribution of inorganic constituents 
in animal and vegetable cells that microchemistry gives us we can make a more 
extended application of surface tension as a factor in cellular life than was 
possible ten years ago. 

In regard to muscle fibre this is particularly true, and microchomistry has 
been of considerable service here. From the analyses of the inorganic con- 
stituents of striated muscle in vertebrates made by J. Katz and others we know 
t^t potassium is extraordinarily abundant therein, ranging from three and a 
half in the dog to more than fourteen times in the pike the amount of sodium 
present. How the potassium salt is distributed in the fibre was unknown before 
1904, in which year, by the use of a method, which I had discovered, of demon- 
; strating the potassium microchemically, the element was found localised in the 
^ma.bands.: Later and more extended observations suggested that in the dim 
itself when the muscle fibre is at rest, the potassium is not uniformly 
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distributed, and it was found to be the case in the wing muscles of certain of the 
insecta — as, for example, the scavenger beetles — in which the bands are broad 
and conspicuous enough to permit ready observation on this score. In these the 
potassiunx salt was found to be localised in the zones of each dim band adjacent 
to each light band. Subsequently Miss M. L. Menten, working in my labora- 
tory and using the same microchemical method, found the potassium similarly 
limited in its distribution in the muscle fibres of a number of other insects. She 
determined, also, that the chlorides and phosphates have a like distribution in 
these structures* and it is consequently probable that sodium, calcium, and 
magnesium have the same localisation. 

Macdonald has also made investigations on the distribution of potassium in 
the ttiuscle fibre of the frog, crab, and lobster, using for this purpose the 
hexanitrite reagent. He holds, as a result of his observations, that the element 
in the uncontracted fibril is limited to the sarcoplasm in the immediate' neighbour- 
hood of the singly refractive substance, while it is abundantly present in the 
central portion of each sarcomere of the contracted fibril — that is, in the doubly 
refractive material. I am not inclined to question the former point, as I have 
not investigated the microchemistry of the muscle in the crab and lobster, and 
my only criticism would be directed against placing too great reliance on the 
results obtained in the case of frog’s muscle. The latter is only very slowly pene- 
trated by the hexanitrite reagent, and, apparently because of this, alterations 
in the distribution of the salts occur and, as I have observed, the potassium 
may be limited to the dim bands of one part of the contracted fibre and may be 
found in the light bands of another part of the same. In the wing muscles of 
insects in the uncontracted condition such disconcerting results are not so readily 
obtained, owing, it would seem, to the readiness with which the fibrils may be 
isolated and the almost immediate penetration of them by the reagent. Here 
there is no doubt about the occurrence of the element in the zones of the dim 
band immediately adjacent to the light bands. 

Whether the potassium in the resting fibre is in the sarcoplasm or in the 
sarcostyle I would hesitate to sajr. It may be as Macdonald claims, but I find 
it difficult to apply in microchemical studies of muscle fibre the concepts of its 
more minute structure gained from merely stained preparations. Because of 
this difficulty I have refrained from using here, as localising designations, other 
expressions than ‘ light bands ’ and ‘ dim bands.’ The latter undoubtedly include 
some sarcoplasm, but in the case of the resting fibre I am certain only of the 
presence of potassium, as described, in the dim band regarded as an individual 
part, and not as a composite structure. 

Now, on applying the Gibbs-Thomson principle enunciated above, this distri- 
bution would seem to indicate that in the dim band of a fibril the surface tension 
is greatest on its lateral walls, in consequence of which the potassium salts are 
concentrated in the vicinity of the remaining surfaces, t.c., those limiting the 
light bands. This explanation would seem to bo confirmed by the observations 
I made on the contracted fibrils of the wing muscles of a scavenger beetle. In 
these the potassium was found uniformly distributed throughout each dim band, 
which, instead of being cylindrical in shape as in the resting clement, is provided 
with a convexly curved lateral wall, and therefore with a smaller surface than 
the mass of the dim band has when at rest. This contour suggests that the 
surface tension on the lateral wall is lessened to an amount below that of either 
terminal surface, followed by a redistribution of the potassium salt to restore the 
equilibrium thus disturbed. The consequent shortening of the dim bands of the 
fibrils would account for the contraction of the muscle. 

How the surface tension of the lateral wall of the dim band is lessened in 
contraction is a question which can only be answered after much more is known 
of the nature of the nerve impulse as it reaches the muscle fibril, and of the part 
played by the energy set free in the combustion process in the dim bands. It 
may be that electrical polarisation, as a result of the arrival of the nerve impulse, 
develops on the surface of the lateral wall, and as a consequence of which its 
surface tension is diminished. The energy so lost appears as work, and it is 
replaced by energy, one may suppose, derived from* the combustion of the 
material in the dim band. In this case the disturbance of surface tension would 
be primary, whil§ the combustion process would be secondary, m the order cf 

1910 , 3 0 
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time. In support of this explanation may be cited tlio fact that the ouiTcnt of 
action in muscle precedes in time the contraction itself^ that is, the olccti’icnl 
rospoiiBG of the stimulus occurs in the latent period and immediately before the 
contraction begins. , , . , , , . , 

It may, however, bo postulated, on the other hand, that the chemical changes 
occur in those parts of the dim band immediately adjacent to the light bands, 
and as a result the tension of the terminal surfaces may bo increased, this 
resulting in the shortening of the longitudinal axis of the dim baud and the 
displacement laterally of the contents. This would imply thSb the energy of 
muscle contraction comes primarily from that set fixse in the combustion process, 
and not indirectly as involved in the former explanation. 

Whatever may be the cause of the alteration in surface tension, there 'would 
seem to be iio question of the latter. The very alteration in shape of the dim 
band in contraction makes it imperative to believe that surface tension is con- 
cerned. The redistribution of the potassium which takes place as described in 
the contracting fibrils of the wing muscles of the scavenger beetle can be 
explained in no other way than through the alteration of surface tension. 

In the smooth muscle fibre potassium is also present and in close association 
throughout with the membrane. When a fresh preparation of smooth muscle is 
treated so as to demonstrate the presence of potassium, the latter is shown in 
the form of a granular precipitate of hexani trite of sodium, potassium, and 
cobalt in the cement substance between the membranes of the fibres. In the 
smooth, muscle fibres in the walls of the arteries in the frog the precipitate 
in the cement material is abundant, and its disposition suggests that it plays 
some part in the rdh of contraction. Inside of the membrane potassium occurs, 
but in very minute quantities, which, with the cobalt sulphide method, gives a 
just perceptible dark shade to the cytoplasm as a whole. Microchemical tests 
for the chlorides and phosphates indicate that the cytoplasm is almost wholly 
free from them, and consequently there is very little inorganic material inside of 
the fibre. Chlorides and phosphates, but more particularly the former, are 
abundant in the cement material, and their localisation here would seem to 
indicate that the potassium of the same distribution is combined chiefly as 
chloride. 

In smooth muscle fibre, then, the potassium is distributed very differently 
from what it is in striated fibre, and on first thought it seemed difficult to postulate 
that the contraction could be duo to alterations of surface tension. This, how- 
ever, would appear to be the most feasible explanation, for the potassium salts 
in the cement substance might be supposed to shift their position under the 
influence of electrical force so as to reach the interior of the membranes of the 
fibres, in which case the surface tension of the latter would be immediately 
increased and the fibre itself would in consequence at once begin to contract. 
The slowness with which this shifting into, or absorption by, the membrane of 
the potassium salts would take place would also account for the long latent period 
of contraction in smooth muscle. 

It is of interest hero to note that the potassium ions have the highest ionic 
mobility (transport number) of all the elements of tho kationic class, except 
hydrogen, which are found to occur in connection with living matter. Its value 
in this respect is half again as great as that of rodium, ono-oighth greater than 
that of calcium, and one-seyenth greater than that of magnesium. This higlx 
migration velocity of potassium ions would make tho olomont of special service 
in rapid changes of surface tension, 

Loew hp pointed out that potassium in the condensation processes of 
the synthesis of organic com|xounds has a catalytic value different from that of 
sodium. For example, ethyl aldehyde is condensed with potassium salts to 
aldol, with sodium salts to crotonic aldehyde (Kopf and Michael). Potassium 
IS, but sodium is not, effective in the condensation of carbon monoxide. When 
phenol is fused with potassium salts condensation pi’oducts like diphenol are 
produced, but when sodium salts are used tho products are dioxybonzol and 
phloroglucin (Barth), It is, therefore, not improbable that potassium, along 
. ^th tho^ properties fwhich come from its ionic mobility, has a special value in 
bands of striated muscle fibre and in the condensa- 
characterise the chromatophors of Protophyta {Spiro^^ra, 
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With the use of this method of determining differences in surface tension in 
colls it is possible, in some cases at least, to ascertain whether this force plays a 
part in both secretion and excretion, and evidence in favour of this view can be 
found in the pancreatic cells of the rabbit, guinea pig, and in the renal cells of the 
frog. In the pancreatic cells there is an extraordinary condensation of potassium 
salts in the cytoplasm of each cell adjacent to the lumen of the tubule, and 
during all the phases of activity — except, it would appear, that of the so-called 
‘h’osting stage ’1— potassium salts occur in, and are wholly confined to, this part 
of each cell. It is difficult to say whether they i3ass into the lumen with the 
secretion and their place taken by more from the blcod-streain and lymph, but 
the important point is that the condensation of potassium salts immediately 
adjacent to the lumen seems to indicate a lessened surface tension on the lumen 
surface of the cell. 

According to Stoklasa^ the pancreas of the pig is much richer in potassium 
than in sodium, the dried material containing 2W per cent, of potassium and 0*28 
per cent, of sodium, while the values for the dried material of ox muscle are, 
as he determined them, 1*82 and 0*26 per cent, respectively. It is significant that 
in the pancreas this large amount of potassium should be localised as described. 

In the renal cells of vertebrates there is usually a considerable amount of 
potassium salts distributed throughout the cytoplasm. Thep cells are always 
active in the elimination of the element from the blood, and it is in consequence 
not possible to determine whether there are differences in surface tension in 
them. Under certain conditions, however, these can be demonstrated. ^ In 
the frogs which have been kept in the laboratory tanks throughout the winter, 
and in the blood of which. the inorganic salts have been, because of the long 
period of inanition, reduced to almost hyptonic proportions, the renal cells 
are very largely free from potassium. When it is present it is usually diffused 
throughout the cytoplasm. If now a few cubic centimetres of a decinormal 
solution of potassium chloride be injected into the dorsal lymph sacs of one of 
these frogs, and after twenty niinutee the animal is killed, appropriate treatment, 
with the cobalt reagent, of a thin section of the fresh kidney made by the carbon 
dioxide freezing method, reveals in the cells of certain of the tubules a conden- 
sation of potassium salts in the cytoplasm immediately adjacent to the wall of 
the lumen. There is also a very slight diffuse reaction thpughout the remainder 
of the cytoplasm, except in that part immediately adjacent to the ex*ternal 
boundary of the tubule. In these cells the potassium injected into the lymph 
circulation is being excreted, and the condensation of the element at or near 
the surface of the lumen is evidence that there the tension is legs than at the 

other extremity of the cell. ^ ^ ^ • -l t 

These facts are in their significance in line with some observations that I have 
made on the absorption of soluble ealts by the intestinal mucosa in the guinea-pig. 
When the * peptonate * of iron was administered in the food of the animal it was 
not unusual to find that in the epithelial cells of the villi the iron salt was dis- 
tributed through the cytoplasnf, but its concentration, as a rule, was greatest in 
the cytoplasm adjacent to the inner surface of the coll, from which it diffused 
into the underlying tissue. Here also, inforentially, surface tension is lower 
than elsewhere in the cell. 

It would perhaps be unwise to form final conclusions at this stage in the 
progress of the investigation of the subject, but the results so far gained tempt 
one to adopt as a working hypothesis that in the secreting or the excreting nil 
lo%oer surface tension exists at its secreting or excreting surface than at any opier 
yoint on the cell surface. How this low surface tension is caused or maintained 
it is impossible to say, but, whatever the solution of the question may be, it is 
important to note that we must postulate the participation of this force in renal 
excretion in order to explain the formation of urines of high concentration. These 
have a high osmotic pressure, as measured by the depression of the freezing point, 
while the osmotic pressure of the blood plasma determined in the same way is low. 
On the principle of osmosis alone, as it is currently understood, this result is 
inexplicable, for the kinetic energy, as required in the gas theory of solutions, 
should not be greater, though it might be less, in the urine than in the blood. It 

1 Stoklasa gave the values in and Na^O. 
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is manifest that in the formation of concentrated urines energy is expended. We 
know also from the investigations of Barcroft and Brodie that the kidney during 
diuresis absorbs much more oxygen per gram weight than the body generally, and 
that, assuming it is used in the combustion of a ijrotoid, a very large amount of 
energy is set free, very much more indeed than is necessary. It has also been 
observed that a portion of the energy set free is found in a higher temperature in 
the excretion 'than obtains in the blood itself circnlating through the kidney. This 
large expenditure of energy is, probably, a result of the physiological adaptation 
of the principle of the ‘factor of safety,* which, as MolUer has pointed out, 
occurs in other organs of the body. 

In cell and nuclear division surface tension operates as a force, the action of 
which cannot be completely understood till we know moi’o of the part played by 
the centrosomes and centrosphere. That this force takes part in cell reproduction 
has already been suggested by Brailsford Robertson. ^ He has devised an ingenious 
experiment to illustrate its action. If a thread moistened with a solution of a 
base is laid across a drop of oil in which is dissolved some free fatty acid the drop 
divides along the line of the thread. When the latter is moistened with soap 
the drop divides in the same way and in the same plane. The soap formed in one 
case and present in the other, it is explained, lowers the surface tension in the 
equatorial plane of the drop, and this diminution results in streaming movement 
away from that plane which bring aboxit the division. He suggests that in cell 
division there is a liberation of soaps in the plane of division which set up 
streaming movements from that plane towards the poles and terminating in tho 
division of the cytoplasm of the cell. 

I have observed in the cells of Zygnema about to divide a remarkable condensa- 
tion of potassium in the plane of division. In the * resting* cell of this Alga the 
potassium is, as a rule, more abundant in the cytoplasm near the transverse walls 
of the thread, and only traces of the element are to be found along the line of 
future division of the cell. But immediately after division has taken place the 
potassium is concentrated in the plane of division. This would seem to indicate 
that surface tension in the plane of division is, as postulated by the deduction from 
the Gibbs-Thomson principle, lower than it is on the longitudinal surface, and 
lower, especially, than it is on the previously foi’inecl transverse septa of the 
thread. 

One must not, however, draw from this the conclusion that in all dividing 
cells surface tension is lower in the plane of division than it is elsewhere on the 
surface of the dividing structure. All that it means is that in the dividing cell 
of Zygnema the condition already exists along the plane of division, which subse- 
quently makes for low surface tension in the cell membrane immediately adjacent 
to each transverse septum in tho confervoid thread. If the evidence of low surface 
tension vanished immediately after division was complete, then it might bo held 
that it determined the division. As it is, the low surface tension in this case is 
the result and not tho cause of the division. 

This conclusion is corroborated by the results o^ observations on the cells of tho 
ovules of LUlum and Tvllfa. Tho potassium salts in these are found condensed 
in minute masses throughout tlie cytoplasm. When division is about to begin the 
salts are shifted to tho peripheral zono of the cytoplasm, and when tho nucloar 
membrane disappears not a trace of potassium is now found in the neighbourhood 
of the free chromosomes, a condition which continues till after nuclear division is 
complete. The absence of potassium, tho most abundant basic element in Iho 
cytoplasm, would indicate that soaps are not present, and appropriate treatment 
of such cells, hardened in formaline only, with Soarlot Rod demonstrates that fats, 
including lecithins, are absent also. This would seem to show that high instead 
of low surface tension prevails about the nucleus during division. During the 
‘resting* condition of the nucleus this high tension is maintained, for, except in 
very rare cases, and these of doubtful character, there is no condensation of 
inorganic salts in the neighbourhood or on the surface of the nuclear membrane. 
It is also to be noted that the nucleus, with exceptions, the majority of which 
are found in the Protozoa, is of spherical shajje, which also postulates that high 
sinrface tension obtains either in the cytoplasmic layer about the micleue or in the 
huclemf membrane iMf. It may also be suggested that high surface tension, 
; tidi thejphysical impermeability of the nuclear membrane, is tho reason why 
hi m I have often stated, wholly free from inorganic constituents. 
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Tt does not follow from all this tliat surface tension has nothing to do with 
coll division. If, as Brailsford Kobertson holds, surface tension is lowered in the 
plane of division, then the internal streaming movement of the cytoplasm of each 
half of the cell should be towards that plane, and, in consequence, not separation 
but fusion of the two halves would result. The lipoids and soaps would indeed 
spread superficially on the two parts from the equatorial plane towards the two 
poles, and, according to the Gibbs-Thomson principle, they would not distribute 
themselves through the cytoplasm in the plane of division, except as a result of the 
formation of a septum in that plane. In other words, the septum has first to 
exist in order to allow the eoaps and lipoids to distribute themselves in a 
streaming movement over its two faces. In Brailsford Eobertson’s experiment 
this septum is provided in the thread. If, on the other hand, surface tension is 
higher about the nucleus in and immediately adjacent to the future plane of 
division, then constriction of the nucleus in that plane will take place accom- 
panied or preceded by an internal streaming movement in each half towards its 
pole and a consequent traction effect on the chromosomes which are thus removed 
from the equatorial plane. When nuclear division is complete then a higher 
surface tension on the cell itself limited to the plane of division would bring 
about there a separation of the two halves, a consequent condensation on each 
side of that plane of the substances producing the low tension elsewhere, and 
thereby also the formation of the two membranes in that plane. 

In support of this explanation of the action of surface tension as a factor in 
division I have endeavoured to ascertain if, as a result of the Gibbs-Thomson 
principle, there is a condensation of potassium salts in the cytoplasm at the poles 
of a dividing cell, that is, where surface tension, according to my view, is low. 
The difficulty one meets here is that, in the higher plant forms, cells preparing 
to divide appear to be much less rich in potassium than those in the ‘ resting ’ 
stage, and under this condition it is not easy to get unambiguous results, while in 
animal cells potassium may even in the resting cell be very minute in quantity, as, 
for example, in Vorticdlai in which, apart from the contractile stalk, it is limited 
to one or two minute flecks in the cytoplasm. ^ Instances of potassium-holding 
cells undergoing division are, however, found in the spermatogonia of higher 
vertebrates (raffisit, guinea-pig), and in these the potassium is gathered in the 
form of a minute, and thin caplike layers at each pole of the dividing cell. 

This of itself would appear to show that surface tension is less in the neigh- 
bourhood of the poles than at the equator of' the dividing cell, but I am not 
inclined to regard the fact as conclusive, and a very large number of observa- 
tions to that end must be made before certainty can be attained. I am, 
nevertheless, convinced that it is only in this way that we can finally determine 
whether differences of surface tension in dividing cells account, as I believe 
they do, for all the phenomena of cell division. The difficulties to bo encoun- 
tered in such an investigation are, as experience has shown me, much greater 
than are to be overcome in efforts to study surface tension in cells under other 
conditions, but I am in hopes that what X am now advancing will influence a 
number of workers to take up research in microchemistry along this line. 

I must now discuss surface tension in nerve cells and nerve fibres. I have 
stated earlier in this address that I hold that the force concerned in the pro- 
duction of the nerve impulse by the nerve cell is surface tension. The very fact 
that in the repair of a divided nerve fibre the renewal of the peripheral portion 
of the axon occurs through a movement — a flowing outward, as it "were — of the 
soft colloid material from the central portion of the divided fibre is, in itself, 
a strong indication that surface tension is low here and high on the cell body 
itself. This fact does not stand alone. I pointed out six years ago that potas- 
sium salt is abundant along the course of the axon and apparently on its exterior 
surface, while it is present but in traces in the nerve cell itself. In the latter 
chlorides also are present only in traces, and therefore sodium, if present, is 
there in more minute quantities, while haloid chlorine is abundant in the axon. 
Macdonald has also made observations as to the occurrence of potassium along 
the course of the axon, and has in the main confirmed mine. We differ only 
as to mode of the distribution of the element in the axon, and the manner in which 
it is held in the subetance of the latter; but, whichever of the two views may 
bo correct, it does npt affpct what I am now advancing. Extensive condensation 
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or adsorption of potassium salts in or along the course of the tixorh while the 
nerve coll itself is very largely free from them, can have but otto explanation on 
the basis of iho Gibbs-Thomson principle, and that oxplaiiaiion is that surface 
tension on the nerve coll itself must be high while it is low on or in its axon. 

The conclusions that follow from this are not far to seek. We know that an 
tloctrical displacement or disturbance of over so slight a character otjcurring at 
a point on the surface of a drop lowers correspondingly the surface tension at 
that point. What a nerve impulse fundamentally involves we ^re not certain, 
but we do know that it is always accompanied by, if not constituted of, a change 
of electrical potential, which is as rapidly transmitted as is the impulse. When 
this change of potential is transmitted along an axon through its synaj>iic ter- 
minals to another nerve cell, the surface tension of the latter must be lowered 
to a degree corresponding to the magnitude of the electrical disturbance pro- 
duced, and, in consequence, a slight displacement of the potassium ions would 
occur at each point in succession along the course of its axon. This displace- 
ment of the ions as it proceeded would produce a change of electrical potential, 
and thus account for the current of action. The displacement of the ions in the 
axon would last as long as the alteration of surface tension which gave rise to it, 
and this would comprehend not more than a voi'y minute fraction of a second. 
Consequently, many such variations in the surface tension of the body of the 
nerve cell would occur in a second ; and, as iho physical change concerned would 
involve only the very surface layer of the cell, a minimum of fatigue woiild result 
in the cell, while little or none would develop in the axon. 

It may be pointed out that in medullated nerve fibres the lipoid-holding 
sheath, in close contact as it is with the axon, must of necessity maintain on 
the course of the latter a surface tension low as compared with that on the nerve 
cell itself, which, as the synaptic relations of other nerve colls with it postulate, 
is not closely invested with an enveloping membrane. In non-medullatod nerve 
fibres the simple enveloping sheath may function in the same manner, and 
probably, if it is not rich in lipoid material, in a less marked degree. 

What further is involved in all this, what other conclusions follow from 
these observations, I must leave unexplained. It suffices that I have indicated 
the main points of the subject, the philosophical significance of which will appear 
to those who will pursue it beyond the point where I leave it. 

In bringing this address to a close I am well aware of the fact that my 
treatment of the subjects discussed has not been as adequate as their character 
would warrant. The position which I occupy imposes limits, and there enters 
also the personal factor to account in part for the failure to achieve the result 
at which I aimed. But there is, besides, the idea that in applying the laws of 
surface tension in the explanation of vital phenomena I am proceeding along a 
fruth into the unknown which has been as yet only in a most general way 
marked out by pioneer investigators, and in consequence, to avoid nuatnkes, I 
have been constrained to exercise caution^ and to repress the desire to make larger 
ventures from the imperfectly beaten main road. Perhaps, after all, I may 
have fallen into error, and I must therefore bo prepared to recall or to revise 
some of the views which I have advanced here, should they ultimately be found 
wanting. That, however, as I reassure myself, is the trne attitude to take. It 
is a far ery to certainty. As Duelaux has aptly put it, the reason why ‘Rcionce 
advances is that it is never sure of anything. Thus I justify my effort of to-day. 

Notwithstanding this inadequate treatment of the subject of surface tension 
in relation to cellular processes, I hope I have made it in some measure clear that 
thfe same force which shapes the raindrop or the molten mass of a planet is an 
all-important factor in the causation of vital phenomena. Some of the latter 
may not thereby be explained. We do not as yet know all that is concerned in 
the physical state of solutions. The fact, ascertained by Bona and Michaelis, 
that certain pgars, which neither lower nor appreciably raise surface tension 
m their solutions, condense or are adsorbed on the surface of a solution system, 
IS an indication that there are at least some problems with a bearing on vital 
solve. Nevertheless, what we have gained from our knowledge 
of of surface tension constitutes a distinct step in advance, and a more 

appjiqation of the Gibbs-Thomson principle may throw light on the 
.'WMfTital p^nomeoa,' Jo that end a greatly developed science of 
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inicrochenxistry is necessary. This should supply the stimulus io ehtlnisiaBm in 
the search for reactions that will enable us to locate -with great precision in the 
living cell the constituents, inorganic and organic, which affect its physical state 
and thereby influence its activity. 
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The following Reports were then read 

1. Report on Ancesthtic$.^eQ Reports, p. 268» 


2. Report on the Ductless Olands.'^Be^ Reports, p. 267. 


S» Report on the Ocmpation of a Table at the Zoological Station^ Naples. 
See Reports, p» 165. 


i. Report t)7i Electromotive Phenomena in Plants.-^Bee Reports, p. 281. 


5. Report on the Dissociation of Oi&y^Hceniogloiin at High Altitudes* 
See ReportS) p. 2804 


6* Report on the Effect of Climate up07i Health and Disease* 
See Reports, p. 290^ 


PRlDAt, SRPTEMRBli 2, 

The following P^pfers and Reports were read i— ‘ 

1. Discussion on OompfCssed Air lllnCsS^ 

Opening Remarks hy Leonard Hitt, Jf.B., P.R.8. 

Ait dissolves in the body, according to fieniy’s law. The cause of the illness 
h the escape of nitrogen bubbles In the blood. Oxygon chemically combines with 
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iho tissueS;, and does not contribute to the illness. The prevention is tlio ati’ange* 
ment of the decompression period, so that the nitrogen dissolved in the body can 
escape through the lungs without the formation of bubbles in the blood. 

The blood is the carrier by which the tissues^ are saturated and desaturated 
with nitrogen. It is assumed that the blood is inMianlly saturait^d and desatu- 
rated on passing through the lungs. The Admiralty tables of stage decompres- 
sion are based on this assuitiption. 

Experiments by F. J, Twort, H. B. Walker, and the writer |Jmw that this is 
incorrect. The subject stays an hour at 4-45 lb. Free diui‘usis is established 
by drinking water. The bladder is emptied every seven mimitea, after decom- 
pression in five minutes from -|-4)S lb. to 4-15 lb. Atialysos of the urine show 
equilibrium of the nitrogen after about fourteen minutes. It follows that the 
arterial blood is only desaturated in about that time. 

The Admiralty tables and those of Mr. Japp (East River Tunnels, New York) 
are based on the supposition that the blood circulates about once a minute ; on the 
relative mass of blood and tissues ; on the relative solubility of nitrogen in blood 
and tissues ; and on the supposition that * quick * parts half saturate in about five 
minutes and ^ slow ’ parts in seventy-five minutes. 

The great difierence between the circulation and pulmonary ventilation in 
states of rest and hard work has not been taken into account. The circulation 
may be six and even ten times faster during work. This upsets all calculations 
based on * quick ’ and ^ slow ’ parts. Saturation and desaturation are not at the 
same rate if carried out in the one case resting and in the other working. The 
decompression period can be shortened by making men work during it. 

F. J, Twort and the writer have worked out the solubility of nitrogen in fat 
at 4-90 lb., and find Vernon’s figures for 1 atm. almost hold good for 7 atm. 
Fat dissolves more than five times as much oxygen and nitrogen as water. These 
experiments confirming those of Greenwood and the writer on heavy and light 
rats, and these of Boycott and Damant on fatter and leaner guinea-pigs, show 
that fat men are unsuitable for compressed-air worx. 

It has been established by human experience that short exposures to high 
pressures are free from risk. 

The Admiralty Committee, therefore, lays great stress on the danger of satura- 
tion of * slow ’ parts, and says the danger increases with the length of shift. 
While the effect of work may turn a * slow ’ into a ‘ quick ’ part, the efiect of 
fatigue in long shifts complicates the problem. The writer regards the time 
required for saturation and desaturation of the blood and abdominal organs, such 
as the liver, as particularly the danger time. 

Neither the tables of the goat experiments of Boycott, Damant, and Haldane, 
nor the tables of Keays concerning the fi67,000 man-shifts at the East River 
Tunnels, give conclusive evidence that shifts of three hours are more dangerous 
than one and a half, or eight than throe. 

The variations in percentage oE cases, even when calculated from groups of 
3,000 to 4,000 man-shifls, are very large, eight-hours’ shift 0*43 per cent. 
May 1907, and 0*94 per cent. January 1907. Chance plays a very big r6U. 
The first three-hour shift gave 0'35 per cent, cases, and nine fatal or dangerous, in 
about 43,600 man-shifts j the second three-hour shift (after three hours’ interval) 
gave 0*72 per cent, cases, and four dangerous or fatal, in the came number of man- 
shifts. The sum of cases for the six hours is 1*07 per cent. The percentage in 
10,700 man-shifts of eight hours is 0*62, Two three-hour shifts with a three-hour 
interval appears, then, to he almost doubly as risky as one eight-hour shift, 
because it doubles the decompressions. The percentage of illness was 0*66, and 
death 0*0035, in 557,000 man-shifts, with a decompression rate of fifteen minutes 
from -h29 to 4-33 lb. 

Of the 3,692 cases among 10,000 men 89 per cent, were bends, 5 per cent, 
vertigoes: about 95 per cent, non-dangerous ; 1*26 per cent, pain and prostration, 
2*16 per cent, paralysis, 1*62 per cent, dyspnoea, 0*46 per cent, collapse = about 
5 per cent, dangerous. 

The compression relieved 90 per cent., and of the rest all except 0*5 per cent, 
were partly relieved. The Admiralty table ordains a rate of 42 to 62 minutes 
Stage de^mpression for 4-29 to 4-33 lb. The writer does not expect to 

AdmHa%,|>enod in the face of the above figures. Eight thousand 
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fivfe hilndi’ed man-bhifls were decompressed from +40 lb. ift 4^ minutes, with 
1*62 per cent, cases and no serious ones. The method was (1) +40 to +29 lb. in 
five minutes; (2) ten minutes’ walking in +29 lb.; (3) +29 to +12*5 lb. in 
eight minutes; (4) ten minutes’ walking in +12'5 lb.; (5) +12*5 to +0 in fifteen 
minutes. The Admiralty table ordains 92 minutes for this pressure. About 
half this time evidently is enough. 

* Slow ’ parts produce bends which do not matter : they can be relieved by 
rocompression. ^ 

Statistics of the results of * uniform stage ’ decompression obtained on goats by 
Boycott, pamant, and Haldane; on guinea-pigs by Boycott and Damant; on 
rabbits, pigs, and goats by the writer and Greenwood, taken together, afford no 
convincing evidence of the superiority of either method. The pig is a better 
animal to compare with man than a goat. The fermentation of gas in the goat’s 
stomach complicates the problem. Comparable pig figures show 4 severe or fatal 
cases in 20 uniform, 9 in 32 stage, 9 in 44 modified uniform (decompression rate 
slowing as pressure falls). The time of decompression was 90 to 110 minutes, 
the pressure +76 lb. Decompression in 37 to 45 minutes killed 4 out of 4 by 
stage; 4 out of 8 (and 3 severe cases) by uniform. These were small pigs, 
weighing 33^ lb. to 49 lb. F. J. Twort and the writer have determined the 
desaturation of water when decompressed from +90 to +20 lb. in 10 minutes ; 
and either (1) left quiet, (2) shaken, (3) gently oscillated, the gas comes off 
without bubbling in X and 3. In the case of oil there is a slow steady formation 
of small bubbles (0*1 to 0*3 mm. in diameter). The unstudied conditions which 
control bubble formation in supersaturated solutions are of the first importance. 

‘ Delayed ’ illness and varying susceptibility depend on these influences. 

The varying percentage of fat in blood, chyle, liver, and the gaseous contents 
of the guts are factors. Ill-health, a debauch, rich feeding modifjr these condi- 
tions. (Fat, 3 to 11 per cent, in chyle, in liver 2 to 3*5 per cent, in richly fed, 
19 to 24 per cent, in fatty infiltration.) 

Experiments by M. Greenwood and the writer show that it is fairly safe to 
decompress pigs and goats from +75 to +18 lb. in 10 minutes, and from 
+18 to +0 in 20 minutes, after an interval of 80 to 100 minutes. 

One death and no severe case resulted in 47 pigs weighing 50 to 100 lb. ; 

1 severe, 3 slight cases in 19 goats weighing 39 to 57 lb. To these may be added 
4 pigs (56 to 100 lb.) safely decompressed from +60 lb. Decompression from 
+90 to +20 lb., followed by an interval of 105 to 120 minutes, gave unfavourable 
results in fat pigs weighing 81 to 116 lb. — ^viz., 7 deaths and 1 severe case in 
27 pigs. The deaths occurred in the pigs which had the shortest interval, 105 to 
110 minutes. Two of these deaths and the severe case were due to the pump 
stopping at +20 and the chamber rapidly leaking out. 

Only one pig out of all showed symptoms at +20 lb. The pigs lie asleep and 
do not move. Six goats compressed after a big feed wore all taken with 
great gaseous distension of the stomach at +20 lb. 

By extending the interval to 140 to 150 minutes three goats (on a spare diet) 
were decompressed successfully time after time after exposure to +90 lb. for 
three to four hours. An interval of 30 to 60 minutes at +15 lb. proved safe for 
12 goats and 1 pig (96 lb.), after compression to +50 lb. 

Experiments by H. B. Walker, F. J. Twort, and the writer show that the 
breathing of oxygen for a few minutes at +15 lb. washes the excess of nitrogen 
out of the urine (and blood) quickly, while only a little oxygen passes into the 
urine. It is safe to breathe oxygen for some minutes at +15 lb., but inadvisable 
to breathe it at higher pressures because of the toxic effects of high pressures of 
oxygen. 

Experiments of M. Greenwood and the writer show that a partial pressure of 
COg up to 1 to 2 per cent. atm. is of no importance. Hot, moist atmospheres are 
exhausting. Many of the pig experiments were conducted with 4 to 6 per cent, 
atm. CO 2 in the chamber, and this was unfavourable, as the partial pressure fell 
on decompression, and lessened the pulmonary ventilation. Ventilation should be 
reduced in the lock. The cooling effect of decompression should be prevented, 
for it constricts the cutaneous vessels. 

M. Greenwood and the writer were safely decompressed from +75 lb. by 
tho unHorm method — about 20 minutes per atm., four experiments. They were 
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actually (Exposed fol' about 30 minutes above +60 lb., and virtually exposed 
about 50 minutes. From +60 lb. they were safely decompressed, six experiments. 

M. Greenwood was once decompressed safely from +92 lb. in 2 hours 17 
minutes, after actual exposure above +76 lb. for about 30 minutes, and virtual 
exposure for about 55 minutes. 

Hersonb safely decompressed men after exposures ^ of one hour in 
26 minutes from +3^- atm. ; in 46 minutes from +3 atm. j in 60 minute from 
+3i atm.; in 77 minutes from +4 atm.; in 100 minutes frofi +4i atm.; in 
150 minutes from +5 atm. ; in 183 minutes from +5i- atm, Hersent safely used 
a method which is theoretically the worst—viz. , +5 to +4 atm. in 46 minutes; 
+4 to +3 in 35; +3 to +2 in 30; +2 to +1 in 20, +1 to +0 in 15. 

Damant and Catto were safely decompressed several times after short ex- 
posures by the stage method of the Admiralty Committee, e.y., in 61 minutes, 
after 12 minutes, at +80 lb. ; in 90 minutes, after 29 minutes, at +80 lb. ; in 
60 minutes, after 6 minutes, at +93i lb. 

These few high-pressure observations on men show that the stage method 
can be used safely after .shoi^t exposures. The experience of divers has 
proved that a short uniform decompression in 20 minutes or less can be safely 
borne after exposure of not more than 15 to 20 minutes to +60 to +73 lb. — e.f/., 
Erostabe, Lambert. Much depends on the individual. They do not prove the 
far greater risk of the uniform method as claimed by the Admiralty Committee. 

GoncUision , — One stage at +15 lb. would suffice for caisson workers up to 
+50 lb. Exercise and oxygen can be used to shorten the pause at +15 lb. A 
pause of 15 minutes at +10 lb, for +30, lb., and of 30 minutes at +16 lb. for 
+45 ib. would probably suffice, so long as a medical lock for rccompression is at 
band. 


2. The Cause of the Treppe, By Professor pREBEitic S. Lee* 

When the irritability of the excised muscle, as indicated by the threshold of 
stiinulation, is determined at intervals throughmtt the course of the Iroppe it 
is found progressively to increase. Moreover, the irritability of muscle, as 
indicated by the threshold of stimulation, is increased by small quantities of 
fatigue substances, such as carbon dioxide and lactic acid. Under the influence 
of these same substances, also in small quantities, a muscle is able to perform 
greater contractions than before. It is, therefore, believed that the treppe 
represents increased irritability and actually increased working power, due 
to the action of small quantities^ of fatigue substances, among which may be 
included carbon dioxide, lactic acid, and possibly other compounds. The ireppo 
is the physical expression of augmented vital processes. 

According to Frohlich, on the other hand, the augmentation of working powi^r 
is not real, but only apparent. Fatigue begins with iho comriiimcoment of iho 
s(5rics of contractions. It is rnanife.stod by a .slowing of ndaxation, a diminnlion in 
the extent of contraction of the naisclo. elemeufs, and a diminution in irritability. 
The experimental results of the present author do not support Frohlich*s iliuory. 


3. The Summation of Slmutu 
By Professor Predebio S. Lee and Dr. M. MorsJE. 

Professor Lee has found that musede, when under the influence of small 
quantities of fatigue substiinces, such as carbon dioxide and lactic acid, and 
stimulated maximally, is able to perform greater contractions than before. Me 
has explained the treppe as the physical expression of augmented vital processes, 
Which are ropresentecl by increased irritability and increased working power, 
due to the action of small quantities of fatigue substances. This theory is noW 
extended to the phenomenon of summation of stimuli. During the action of 
sub-minimal stimuli the^ irritability of musclo increases. Moreover, when a 
muscle IS put under the influence of small quantities of carbon dioxide or lactic 
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acid its irritability is likewise increased, so that a previously ineffective stimulus 
is able at once to elicit contractions. Gotschlich has demonstrated that muscle, 
when sub-miniraally stimulated for a period, becomes acid in reaction. It is, 
thcroforo, believed that Clio phenomenon of summation of stimuli is not funda- 
mentally different from the treppe, and is due to the augmenting action of small 
quantities of fatigue substances. 


9 

4. Influence of Intensity of Stimulus on Reflex Response. 

By Professor C. S. Sherrington, F.R£,, and Miss S. C. M. Sowton* 


5. Constant Cumnt as an Excitant of Reflex Action. 

By Professor C. S* Sherrington, FMM,, and Miss S. C* M, Sowton, . 


6. Some Experiments on the Effects of X-rays in Therapeutic Doses on the 
growing Brains of Rabhits. By Dr. DaWSOn Turner and Dr. T. G. 
George. 

The authors spoke of the groat importance of the subject, as a full dose of 
aj-rays is frequently administered to children suffering from ringworm; attempt 
of the London County Council in March 1909 to make this treatment obligatory. 
Beferenco was made to experiments by B(Scamior and others which showed 
that the as-rays interfered with the growth of the bones and teeth. The question 
arose whether any change capable of being observed in the nervous system would 
bo produced by a repetition of such doses of oi-rays as are employed in the 
treatment of ringworm. The experiments of the authors were performed upon 
young rabbits. One-half of the head was exposed to and one-half protected 
from an ordinary £c-ray dose. This dose was repeated three times, with an 
interval of a week between each dose. Of six rabbits chosen for the experiments 
only one survived for examination, so that no corroboration could be obtained 
of the changes observed. The microscopic changes in the brain were slight 
and inconclusive, but there were some undeniable gross changes — e.y., the left 
or unexposed half of the brain was decidedly larger than the right or exposed 
half; the iris, first on the loft and then on the right side, had undergone fatty 
degeneration ; all the animals had lost weight during the exposures. It would 
therefore seem highly desirable that further investigation of this subject should 
be made. 


7. The Combination of certain Poisons iviih Cardiac Muscle. 

By 11, M, Vernon, MX, M,D. 

Tortoke hearts wore perfused with oxygenntod Binger’s solution to wdiicli 
known amounts of certain poisons wore added. When alcohol, ether and 
chloroform were used the contraction height of the heart was depressed by a 
definite amount proportionate to the concentration, and after about ten minutes’ 
poisoning the boats showed no further depression, though poisoning might be 
(iontinued for another twenty minutes. On substitution of fresh saline the 
heart quickly recovered its initial contraction height, at a rate independent of 
the concentration of the poison used. Also the rate of recovery was about the 
same for all the three poisons mentioned- Hydrocyanic acid, at considerable 
dilutions, also depresses the cardiac contractions to a level proportionate to the 
concentration, but all strengths from 0‘00126 to 0*01 per cent. HON produce almost 
the same effect ; or the effect is not proportionate to the concentration. Greater 
(ioncentrations still depress the contractions further, but they permanently injure 
the heart. It is uncertain whether sodium lluorido acts like HON or like 
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alcohol, &c.> blit it has a special action, as it excites enormous oscillations of toiius 
in the heart muscle, when washed out by fresh saline, 

A heart once diminished in vitality no longer roads in the same way, and a 
given concentration of poison produces a much more marked depression of 
contraction height, and the rate of recovery of the heart on washing out the 
poison is much slower. 

8. The Morphology and Nomenclature of the Blood Chpuscles* 

By Professor C. S. Minot. 


The Nutritive Effects of Beef Extract, 

By Professor W. H. Thompson, M,D, 

(Preliminary Communication.) 

Five experiments were carried out in the School of Physiology, Trinity 
College, Dublin. Of these, two were preliminary, one }jerformed by Captain M. 
Oorry, the other by Mr. A. Chance. The remainder were carried out by 

the writer. Dogs were used in all. 

In the first of the series the animal was brought to constant weight on a 
diet of biscuit and lean meat. Betif extract (2^ grms.) was then substituted for 
double its weight of dog biscuit, and the effects observed for five days. This 
period was followed by one in which 5 grms. of the extract wore given instead 
of the same weight of biscuit, and this by a final period in which 7^ grms, 
of the extract replaced 5 grms. of dried dog biscuit. 

In the remaining four experiments the dogs were brought to constant 
weight on a diet of dog biscuit alone. This first period was followed by other 
periods in which the extract in varying amount was added to the ration of 
biscuit. In Experiments IV, and V. the effects of the extract were further 
compared with those of boiled egg-white, added in varying quantities to the 
biscuit ration. All the experiments concluded with a period in which the diet 
of the first or preliminary period w*as again given. 

The following results are taken from Exps. III., IV., and V., all carried out 
in the same way and two of them on the same animal. 


Table showing Effect on ike Animal Weight* 


Period 1 (Biscuit) . . . * 

Period 2 (Biscuit -}- Extract) , 


Period 3 (Biscuit + Egg White) 
Period 4 (Bis6uit) . . * . 


Exp. HI. 

Exp. TV. 

Exp. V. 

0-70(t K 

r>a40K 

B-lfiOK 
f{a) fi-2:i0 „ 

(1-800 „ 

6.186 „ 

■ (A) rmr, „ 

1 (fl) fi-aw) „ - 

No Egg ) 7 («)fi-UI0„ 
white period \-„'i (b) 0'170 ,, 

f (rt) a-iar, 

I (ft) li-m „ 

[ (0) 0'175 

in Exp. 

t (c) 6-200 „ 

C-700 „ 

f Not \ 
1 observed i 

C'160 „ 


It will be seen that in Period 2 a considerable increase of weight occurred, 
amounting in Exp. Ill, to KX) grms., in Exp. IV. to 45 grms., and in Exp. V. 
from 80 to 100 grms. The quantities of the extract given were, in Exps. III. 
and IV. 6 grms. per day, while in Exp, V. the amount was increased from 5 grms. 
m Period (a) to 6 grms. in Period (6), and 7 grms. in Period (c). The amounts 
^ coagulated egg-white (obtained by boiling eggs six to eight minutes and 
stnppmg ofi the white) varied as follows ; In Exp. IV. the quantities per day 
were- ^ grms, in (u), 40 grms. in (6), and 60 grms in (c). The corresponding 
;^uantxties in Bx|>, v. were 30 grms. in (a), 60 grms. in (6), 70 grms. in (r). 
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Tho weight of dried organic solids given per day in tho two forms of nitro- 
genous food — viz. , tho boef extract and the egg-white — was as follows : — 



Exp, III, 

Exp. IV. 

Exp. V. 

Beef Extract .... 

1*9811 grm. 

1*9103 grm. 

((a) 1*9805 grm. 
^(&) 2*3770 „ 

Egg White .... 


f(a) 2-868 „ 

4 (h) 5-736 „ 

1 ( 0 ) 2-7737 „ 
((a) 4-302 „ 

■ (6) 7-170 „ 


1(e) 7-170 

1 .( 0 ) 10-038 „ 


Comparing this with the previous table, it will be seen that it required 
approximately four times as much organic nitrogenous food in the form of egg- 
white to give the same increase of weight as was given by the beef extract. 

The nitrogenous metabolism is shown in the following table : — 


Tahlt $iliowing Daily Intake and Output of Nitrogen (expressed in grammes) for 

corresponding Periods. 


Period 1 (Biscuit) . 


Food 

Experiment II T. 
5-285 


Urine 


Fseecs 


d-0591 


11922 


Period 2 
Period 3 

Period 1 
Period 2 

Period 3 


Period 1 


Period 2 


Period 3 


/ 6*2850) 
10*3143/ 

6*2850 


4*37CC 0*0746 

4*1830 1*2490 


Experiment IV. 


4*530 i 

3*0805 

/ 4*530 \ 
10*2885/ 

3aC58 

/,>/ 4-6300 \ 
0-3760* 

2-9740' 

Y<tTo} 

3*3108 - 

f. / 4*6300 \ 
10*9390/ 

3-3626 

J 

Exporiimmt V. 


4-630 

3*2354 

v/ 4*5300 1 
0*3134 r 

(a) 3-3221 ' 


(&) 3-6836 . 


(c) 3-6608 j 

,/4*5300) 

0*5637/ 

(«) 3-6399' 

/ 4*5300 \ 
0*9396/ 

(6) 3-7776 - 

.V (4*5300) 
i 1*31531 

(c) 4-0295 


0*8149 

0*4788 

0*9194 

1*0120 

0*7329 

0*6364 


N.B.— In the food column of the above table the bracketed numbers indicate 
the nitrogen of the biscuit and of the extract respectively. 

It will be seen in Exps. IV. and V. that a deficit of nitrogen exists, if the 
intake in Period 2 be compared with the output in xirine and faeces. The quantity 
thus avajlablo for retention in tho body amounted in Exp. IV, to 60 per cent, 
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<'ind ill Exp. V. to 15 per cent, of tho extract nitrogen given. Furtlior, on 
oxamimng tho nitrogen ot* tho fjoceis, it will bo roon tluit in all cases tho effect 
of tho extract was to lesson tho amount excreted, and ihoroforo to increase 
tho assimilation of tho biscuit food. 

As regards tho form in which tho extra nitrogen was oxc*rolod in the uHno 
during the periods of feeding with boof extract and ogg-\yhite, it \vn,s found that 
proportionately less appeared as urea and more as kroaiinin and kroatin in the 
former than in tho latter. The egg-white did not incren«?o tim total kreatinin 
or kreatin, on the contrary seemed to reduce tho amount of theso sub«tancc^ 
in the urine. 

In Exp. V., Period 1 (biscuit), the urinary nitrogen conlained 73*57 of urea 
and 3.87 per cent, of kreatinin. In Period 2 (extract), tho corresponding nmoiinis 
wore 72*32 per cent, and 4*7 per cent, respectively i while in Period 3 (egg-white) 
tho urinary nitrogen contained 74*22 per cent, of urea and 3*1 per cent, kreatinin. 

The general conclusions seem to bo that tho beef extrac‘.t used has both a 
direct and an indirect nutritive value, apart from any effect it may have as a 
vasculai' stimulant. Tho former leads to relatively largo inereaso of weight in 
proportion to the amount of foodstuff given. The latter is manifested by a fuller 
utilisation of the other food constituents to which the extract fs added, and is in 
accordance with Pavlov’s observations to the effect limb moat, extraefs promote 
an increased flow of active digestive juices. The experimenfs were imdcrlakcn at 
tho request of the medical commissioner of the Local Governuumt Board in 
Ireland with the object of ascertaining whether tho extrac’.t in question had any 
nutritive value or not. 

P.S. — It was made known to the Section that in tho experiments a com- 
mercial extract was used, but as the proceedings of the British Association 
meetings appear in the Press next day, it was considered nooosaary to witlihold 
tho name until the results wore communicated to some other sciontilic. society 
and published elsewhere. There can be no harm in adding now that the 
extract of beef used was that known as *Bovril.’ The samples were bought on 
the market as Required and were found on analysis to be very uniform in com- 
position. — December 6, 1910. 


10. The Conditions ncce:!$ary for Tetanus of the IlearL By John Tait, M*I)» 

11. Neurogenic Origin of Normal Heart Stimulus, By John Tait, MJh 

13. Jieport on Body Metabolism in Cancer , — See p. 297* 

13. Report on Mental and Muscular Fatigue , — See p. 292. 


14. DcMonstration of Calorimeter, By Professor J. S. MaodonaIjD, B*A<, 


NON day, SEPTEMREn 5 , 

Joint IHscmsion with SeMions B and K on the BioeJenvklry of 
' Respiration, 

^ (i) Proihim of the Biochemistry of Respiration in Plants, 

; , ■ % Dr. P. P* Blaokman, F,R8. 

this conjoint meeting, a sketch may bo given of tho 
of respiration in plants. 
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Were a complete exposition of this subject possible it would include three 
main sections : (1) What is the nature of the chemical reaction or complex ot‘ 
reactions that constitutes respiration? (2) To what extent can this reaction in 
the cell bo shown to conform to the laws of general chemistry, in the matter of 
reaction velocity, tomperature-cooflicicnts, mass of reacting substances, intluonoo 
of katiilysts and foreign substances ? (3) What is the influence upon tho progress 
of tho reaction of tho peculiar medium, protoplasm, in which it ta,kes place? 

(1) A summary statement of respiration takes tho form of the equation for 
tho complete oxidation of glucose, From this simple equation physiologists 
have been driven to make continually more and more complicated pictures of 
what actually happens intermediately in respiration. 

The first complication was introduced by the discovery of ‘ anaerobic ’ respira- 
tion and the separation of oxidation-processes from anaerobic splitting of 
glucose. This raises tho questions : What are these splitting products ; do they 
form tho first stage of normal respiration, and are the end products of sxflxlting 
(such as alcohol) the bodies oxidised or are less stable precursors of alcohol 
oxidised in presence of air? 

Tho second complication arises in connection with oxidation. None of tho 
probable substances formed by splitting oxidise spontaneously to CO^ and H^O. 
Some special chemical machinery is needed to explain the oxidation. I’ho 
simplest chemical oxidation is now regarded as a complex phenomenon, still 
more so oxidation in tho coll. Oxidative agents arc generally present, sonic of 
which may be true enzymes — oxidases — and others only carriers of oxygen; but 
there is the difficulty that aliphatic compounds are but little attacked by them, 
and the oxidation seems never to be complete. 

Palladin’s theory of respiratory chromogens maintains that those chromogens, 
which arc aromatic substances, are oxidised by oxidases and then act as carriers 
of oxygon to tho splitting products of glucose. 

(2) Tho physical chemistry of tho respiration reaction, {a) Influence of 
temperature, (&) Influence of concentration of the reacting substances, oxygen, 
protoplasmic Oatalyst, and sugar. An account of tho wriier’s experiments on 
starvation and nutrition of leaves, tho respiration of starchy and sweat potatoes. 
Hypothesis that normal respiration consists of two processes, a small * proto- 
plasmic ’ respiration, which cannot be suppressed without death, and a larger 
* floating ^ respiration, which fluctuates with the sugar supply and can be 
abolished by starvation, (c) The effect of chemical * stimuli ’ upon respiration. 
These act in several different ways which are of considerable theoretical interest. 

(3) Protoplasm may bo regarded as a honeycomb structure of colloidal eomi- 
pormeable septa. A medium of this nature introduces complif.'ations not found 
in reactions in vitro. 

Alterations of internal permeability may affect the spatial separation of 
interacting substances and so change the magnitude of respiration and other 
processes. 

^ The work of Lepeschkin has shown that variations of protojdasmic permoa- 
bilitj, produced naturally by light and other causes, also by chloroform, etc,, 
are important factors in cellular physiology. 

The relation of respiration to the break-down of the specnflc organisation of 
protoplasm, as illustrated by long-continued starvation experimonis with loaves. 

(ii) The Biochemistry of Respiration* By Dr. H. M. Vbbnon. 

Living tissues contain oxygenases, or substances which absorb molecular 
oxygen, bind it up to form peroxides, jind so render it more active. They also 
contain peroxidases, or activators, which greatly increase the oxidising power 
of the oxygenases. Many, or perhaps all, the tissue constituents can bo oxidised 
by means of these ferments acting together. Thus Fenton in 1894 ishowed that 
in the presence of an activator such as FeSO.i, could easily oxidise 
tjirtaric acid; and Dakin has recently shown that it can oxidise amino acids, 
as B.CH .NIL .COOH to NH,+00,-hE .OHO. The aldehyde is then further 
oxidised, lancLia ultimately converted into COj-fHaO* All fatty acids from 
formic to stearic can undergo this oxidation. Oarbohydratos can bo^ similarly 
oxidised. Tissue respiration seems to bo dependent on enzyme action, as it 
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is not altogethci^ stopped in such an organ as tho mammalian kidney by pre- 
viously heating it to 00®, by freezing, or by the prolonged action of 1 per cent, 
N,aF. HgOa, acting in presence of peroxidases, can likewise in some (iarea liberate 
GOj, but no definite proof has as yet boon obtained of such oxidation by 
oxygenase -pperoxidiJse, probably because oxygenases aro so tmstable as to be 
destroyed very soon after a tissue is disintegrated. 

The existence of aldehyde groupings in living^ tissues is supported by the 
fact that if an organ such as the kidney is poisoned with HON, NaF, or 
NaHrSO^, its gaseous metabolism is temporarily lowered to a tl^rd the normal, 
but on perfusion with salt solution it gradually recovers the respiratory powers 
of unpoisoned kidneys. Now these poisons are known to be capable of forming 
loose additive compounds with aldehydes, but other poisons, which form no 
such compounds, permanently depress the gaseous metatiolism. 

Probably there is more than one grade of oxidising power by the tissues 
oxygenase only, and oxygonase+peroxidaso). Thus, if the vitality of the 
tissues is depressed by the continued action of weak acid'S and alkalis, their 
COa’forming power is much more affected than their oxygen-absorbing ])owcr, 
and the respiratory quotient falls to 0*4. The same condition is j)r<)dncerl 
quickly by poisoning with^ formaldehyde. Probably, these poisons destroy the 
tissue peroxidase more rapidly than the oxygenase. 

Doubtless other disintegrating mechanisms exist in the tissues which assist 
the oxidation processes. It is found, for instance, that the intermediate products 
of action of zymase on glucose can be oxidised in part to COg+HuO by the 
action of Hj'Oj,H-a peroxidase, whilst pure glucose cannot. 

(iii) Oxydases. By E. Ebankland Aemstbong, PA.D., B*Sc. 

Opinions are at present divided whether the oxydases arc to be regarded as 
enzymes or as inorganic catalysts in a colloidal substrate. 

Oxydase extracts can be subjected to far more drastic methods of purifica- 
tion than hydrolytic enzymes without destroying their activity. They in- 
variably contain small traces of inorganic substances, gmioraJly manganese, 
iron, and calcium salts, and careful purification fails to remove these, though 
the amount of manganese bears no relation to the activity of the preparation. 
Iheir behaviour can be imitated by colloidal suspensions of some inorganic 
salts. They are far less selective in their action than the hydrolytic enzymes, 
tyi'osinase, for example, acting on d-, 1-, and dbtymsine apparently with equal 
ease, and also acting on substituted tyrosine compounds so long m they contain 
the phenolic hydroxyl group intact. 

Euler’s recent obrorvatiou that laccaso from Mp.tliraf/n mtiva can bo ptirificd 
till it consists of a mixture of the calcium salts of polybasic hydroxy acids such 
as citric, malic, and raesoxalic acids is of great intiu’est. 

On the other hand, Bach takes the view that the inorganic salts are not an 
integral part of oxydases, and do not constitute their active principle. Tluur 
influence is analogous to that of ferrous sulphate on peroxides j the salts are 
only enabled to act because the oxydase has formed a peroxide, ’J'here is con- 
siderable evidence of the specific nature of oxydases and of the existence of 
different oxydases, e.j;,, tyrosinase, laccaso. Moreover, mtuih of the evidence 
on the biological side is in favour of regarding the oxydases as enzymes, for 
example, that detailed in the following note. 

(iv) The Stimulation of Oxydases and Degenerative Enzymes in the FkmL 
By E. Ebankland Aemstbong, PA.D., DBc. 

, The leaves of the Ancuha japonica go a remarkable black colour when ex- 
posed to the vapour of toluene, chloroform, ether, ethylacetate, alcohol, and 
many other organic substances. A detailed investigation has shown that certain 
,mlts in aqueous solution, such as cadmium iodide, mercuric chloride, 
sodiuni and jp^assium fluoride, ammonia, but not alkalies, and some organic 
, in paiiicnte benzoic and the higher homologues of acetic add, |)roducc 
all the simple inorgamc salts being ineflectivo. 

obaraeterised by their possessing very little 
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affluiiy foi- wat.er, and it is suggested that they are therefore aWe to penetrate 
the differential septa of the cell Jind disturb the osmotic conditions in the cell. 
Equilibrium is upset and hydrolysis takes place, the hydrolytic enzymes become 
functional, and a general degradation sets in. One outward manifestation of the 
degradation is the blackening generally attributed to oxidative changes. Another 
is the hydrolysis of glucoside present which, in the case of the cherry laurel leaf, 
can be observed by detecting the hydrogen cyanide formed. A third is the great 
increase produced in the amount of reducing sugar present in the leaf. 

(v) By D. Thoday. 

A small dose of chloroform produces a temporary increase in both the 
intake of oxygen and the evolution of OOa- A large dose is immediately or 
ultimately fatal, and depresses the evolution of CO3 at once. At the same time 
in Tropoiohm the Intake of O2 is still more depressed, but in Heliantims and 
cherry laurel, with the darkening of the leaf there is a greatly increased intake 
of oxygen. The oxidation of tannins thus indicated, together with the hydrolysis 
of the cyanogenetic glucoside of cherry laurel, are made possible by an increase 
of permeability, which partially upsets the organisation of the cells, but does not 
immediately produce death. A similar but smaller increase of permeability may 
account for the stimulation produced by smaller doses. 


TUESDAY, SEPTEMBER 6. 

The following Papers were read ^ 

1. The Origin of the Inorganic Composition of the Blood Plasma* 

By Professor A. B. Macallum, F.R*S* 

Analyses of inorganic composition of the blood serum in the dogfish {AcantMas 
mlgam), the cod {Gadus caltarias), and the pollock {PoUachius virens) have given 
reaiilts which show that the ratios of the potassium, calcium, and magnesium to the 
sodium are on the \vhole those which obtain in the blood of mammals as deter- 
mined in Abderhalden’s and Bungees analyses. These with those of the sea water 
are 



Na 

K 

Ca 

Mg 

Dogfish 

Pollock 

100 

4-01 

2-71 

2‘46 

100 

4*33 

3*10 

1-40 

Cod 

100 

9-50 

3-93 

1-41 

Mammal (average) 

100 

(i*(>9 

2-58 

0-80 

Ocean 

100 

3*01 

3‘91 

12*0 


The amount of potassium in the blood serum of the cod as shown is high, but 
the excess is probably due to some laking of the rod corpuscles, as, in spite of 
the care taken in the preparation of it, the serum was slightly tinged with 
hemoglobin. Variations in the cal<;ium are due to the di^crent amounts absorbed 
and retained by the fibrin in its formation and subsequent shrinkage, but these 
are not marked. The only difference of note is in the magnesium, which in the 
dogfish is three times what it is in the mammal, but only one-fifth what it is in 
sea water, while in the cod and pollock it is midway in amount between the ratios 
found in the mammal and the dogfish. 

These ratios seem to indicate that they are slight modifications of the ratios 
which prevailed in the blood scrum of the ancestors of vertebrates. The high 
proportion of magnesium in the dogfish, the cod, and pollock may be explained 
as due to the action of the sea water, which is rich in this element, for 
Elasmobranchs have always been oceanic, *.e,, since their origin in the Silurian 
at the latest, and the Gadidm (cod and pollock) have been resident in the ocean 
since the origin of Teleosts from a Ganoid form in the Cretaceous. This long 
association with the sea has given 1*77 per cent, of total salts in the dogfish and 

1910, 3 D 
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3-28 per cent, in llio cod and pollock, whilo in (Iio mainnml tlic iutal salts ate iil 
tfao neighbourhood or 0-00 per cont. . , , , . i rn it • 

Analyfios of the blood in tho king crab (rAimilM polyphmm) and of tho lolwtor 
(Eomarus Amcrkoaim) gave in total salts 2-tlK2 and 2‘852 per cont. rospcctivoly, 
which are approximately the <^once»iratioiis of the »soa waters of their habitat. 
The ratios of the elements as found were : — 



Na 

K 

(in. 

Mg 

Hih 

(H 

Lmulus . , • 

100 

5*02 

4*00 

11*20 

13*33 


Eomants . . . 

100 

3*73 

4-85 

1*72 

0*07 

171'2 

Aurelia flavidula 

100 

5*1H 

4-13 

11*43 

13*18 

185-5 

Ocean , . » . 

100 

3*61 

3*01 

12*0 

20*0 

180-0 


The remarkable agt cement between the ratios in Lhmihis and AmrUa^ and again 
between these and those of sea water, shows that the composition erf tho^ oot^an 
determines tho inorganic composition of the blood in TAmvhts, which with its 
ancestral forms has been oceanic since tho beginning of the Cambrian. The only 
important differences in these ratios is to be found in the 80., in both forms, being 
not more than two-thirds of that in sea water. 

In the lobster tho I'atios for the magnesium and the .80., are far Ixdnnd those 
found in lAmxdus. The reason is that the resistance whicli iho absorbing mem- 
branes in tho lobster exercise towards the magnoHium and the HO.., has nut been 
so much weakened as in TAmtilm. 

The difference not only in tho ratios of th(< elements but aliso in tlm <'oncentra- 
tions of tho total salts between Limvlvs and the dogfi.sh, both of which, as pointed 
out, have always been oceanic, and between the lobster (m the one hand and, 
on the other, the cod and pollock, all three of which have been oceanii! since the 
Cretaceous, is to be referred to tho character of tho vortebrate kidney. Tho 
uniformity in inorganic composition of the blood plasma throughout vorU'bratos 
is due to the specific action of the vertebrate kidnoy, tho primary and only function 
of which in eovertebrates was, apparently, to keep tho inorganic composition of 
the blood uniform in all habitats. This and other facts make it necessary to 
regard the kidney as the most ancient and typical vortebrate organ, and to con- 
clude that it acquired its characteristic function when tho ocean had a saline 
concentration about one-third of that of tho ocean of to~day, and when also the 
oceanic ratios were approximately those now found in vertebrate blood plasma. 

Tho inorganic composition of tho blood plasma may, consequently, be regarded 
as palsQO-oceanio in character, an heirloom of life in the sea of remote geological 
time. 


2. The Inorganic Oomposition oj the Blood Blamui in the Frog after a long 
period oj Inanition. By Professor A. B, Maoallum, F.R.8* 

The blood plasma of the laboratory frog in spiring gives a 4 ranging from 
to “-0’40® C. The salts in amount vary from 0*57 to 0‘G4 per cent., and 
they account for practically tho whole of tho A out of -0*40® O.V. In 

consequence of this low concontration of tho ralts tho blood ns it is collected 
lakes spontaneously and more or less freely. This is probably iJie reason for the 
variations in volume of tho rod corpuscles in tho blood in different frogs as 
observed, for the maximum volume as found with tho hmTnato<‘rito was 29 per 
cent, and the minimum 13 per cent. 

The ratios of tho potassium, calcium, and magnesium were approxiniidcly 
those found in mammals, except in the low value of tho magnesium and in tlie 
potassium, the excess of which was duo to laking. 


Ka K 

100 . . . . 12-7 


jpa 3VIg 

3-98 .. 0*3915 


The rod corpuscles are rich in potassium, amounting to about 0*200 per coni 
and apparently free from sodium sails. The sodium in the plasma ranges from 
0*1874 to 0*1975 per cent., while the chlorine in two determinations from dif^rent 
. samples pve 0*252 and 0*267 per cent. 

by Dokhuyzen in the blood 5n tho nomal frog was 
0*i«4 . The highest A detemined by him in any other wtebrate was found 
I m Tmoa vulgan$ (-0*466®). 
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3, The Miorochemistry of the S'permatio Elements in Vertebrates. 

By Professor A: B; MACABLuat, E.RS. 

In the lioacls of tho spermatic elements in tH(i fi'bgj guinda-pigj lukl fabbit 
practically no evidence of tho presence of iron is tb be obtained on keeping tho 
alcohol-hardened material in contact with glycerine-ammonilim stilpliide reagent 
at GO® C, for days. In the niiclei of tho spermatogonia and spermatocytes 
(rabbit), on tj^o otlier hand, tho chromatin contains * masked’ iron. Tho 
cthroniatin of tue spermatids also gives evidence of its presence, but in a much 
less distinct degree. It is evident, therefore, that in the development of tho 
spermatozoa from the spermatogonia the masked iron is eliminated. 

The hexanitrite of cobalt and sodium applied as a reagent for potassium to 
the fresh spermatic elements reveals an extraordinary distribution of potassium 
in the vicinity of the head and in the middle piece. In the frog, as these elements 
are before their discharge into the duct, potassium occurs in a minute deposit 
in the cytoplasm at the very anterior point of the head. It is also distributed 
in the remains of the cytoplasm, as a cap-like deposit, covering the posterior end 
of the head. In the elements in the higher forms [Homo] it occurs in a more or 
less concentrated deposit about the posterior half of the head and in the anterior 
portion of the middle piece. Sometimes the deposit about the head is in the form 
of a distinct zonular band, sometimes the band is replaced by a zone of largo 
granules, and behind this band there may bo some minor or less distinct bands. 
The latter may also continue as a series into tho middle piece proper. No 
potassium has been found in the posterior third of the middle piece. 

The contents of the head do not contain any inorganic compounds. The 
potassium about the heads is contained in what would represent a part of tho 
residue of tho cytoplasm of the spermatogonium and spermatocyte. 


4, The Afferent Nerves of the Eye Muscles. By Dr. E. B. Laslett, 
Professor C. S. Sherrington, and Miss F. Tozer. 


5. Quantitative Estimation of Hydrocyanic Acid in Vegetable and Animal 
Tissues. By Professor A. D. Waller, F.E.S . — See Keport on Electro- 
motive Phenomena in Plants, p. 281. 


G* Microphotographs of Muscle. By Dr. Muruav Dobie. 


Joint Discussion U'ith Section L on Bpeetdu'^9^cc p. 816. 
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Skction K.-^liOTANY. 

Pricsidknt oi<’ the SE(rnoN : 

Professor James W. H. Txuil, M.A., M.T)., lUl.H. 


TJ.IUESI)A1\ SHPTMMIiPUi h 

The President delivered the following Address : — 

The honour conferred in tlio elotition to bo l^rosident for ll,ie your of the Botanltml 
Section of the British Association imposes the duty of pvisparing iiu nchlrcss. 1 
trust that my selection of a subjocit will not be attributed by anyone to a want 
of appreciation of the worth and importance of certain sides of l)otani(‘al researtdi 
to which I shall have less occasion to refer. There have becai elo«pitmtly sup- 
ported by former Presidents, and I take this opportunity to express the thanks 
1 owe for the benefit received from their (JontributioriH to the advan(‘<‘ment of the 
science of botany. They have told ns of the advance in depariwumta of which 
they could speak as leaders in research, and I do not venture to follow in their 
steps. My subject is from a field in which 1 have “ 


*,*jr SJM.WJWN-U *o cu liwivi. **i wiiu u L iitivo often experienced the hind- 
rances of which I shall have to speak, both in personal work and still more as a 
teacher of students, familiar with the many diflicultios that impedo tlio path of 
those who would gladly give of thoir bent, but find the dimeuliies for a time 
almost insurmountable, and who are too frequently unable to si»ire tlu^ time or 
labour to allow of their undertaking scientific investigations that they might well 
accomplish, and in which they would find keen pleasure under other conditions. 
Ihose wlmse tastes lie in the direction of studying plants in the fitdd mthor than 
in the laboratory are ajit to find themselves hampered ceriouwly if they sock to 
become acquainted with the plants of their own vicinity j and, if they wisii to 
undertake investigations in the hope of doing what they can to advtuu’o bnlanical 
science, they may find it scarcely possible to ascertain what has boon alroady dou(j 
and recorded by others. ^ 

For a time the knowledge of plants was too much conaned to tho ability to 
name them acfcordmg to the system in voguo and to a knowledge of thoir 
real or xmaginod. Tho undue importanc^o attached to this side of the study, ovtm 
by»so great a loader as Lmmnus, naturally led to a reaction as the value of other 
aspects of botany camo to bo realised, and as impruvemonts in tho instruiiicntM 
and methods of research opened up new fields of study. The science hits gai nod 
much by the reaction; but there is danger of swinging to the other extronio and 
of failing to recognise ^e need to become well acquainted with plants in thoir 
natural surroundings. The opportunities for study in the kboratoly a w m gS 
and so much more under control, and the materials are so abundant Ind of so 
much interest, that there is for many botanists a temptation to limk themselvM 
to such work or at least to regard wor ikn the field m subordinate to it sSidTl 
little vatoe. It is swcely necessary to point out that each side is insufficient 
“'"i? P 1“ the one side, and do well to makrit their 
^ should recognise the value of the other also, and learn 

is esMoially on behalf of the work" in the field that I now wish to niaad 
i ^ likely to prove attractive to most students 

In their natural environments will lead to an undeSdi^^^^^^ 
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nature as living beings, of their relations to one another and to other environ- 
ments, of the stimuli to which they respond, and of the struggle for existence 
that results in the survival of certain forms and the disappearance of others. In 
this way also will be gained a conception of the true meaning and place of classi- 
fication as an indispensable instrument for accui'ate determination and record, and 
not as an end in itself. To one that has once gained a true insight into the 
pleasure and worth of such studios, collections made for the sake of mere posses- 
sion or lists of ,ifpecies discovered in a locality will not suffice. Many questions 
will arise which will prove a constant source of new interest. From such studios 
a deep and growing love for botany has in not a few cases arisen. 

The British flora has interested me for upwards of forty years, and has 
occupied much of my attention during that time — not only as desirous to aid by 
my own efforts to extend our knowledge of it, but also, a.s a teacher, seeking to 
assist my students to become able to do their parts also, and making use of the 
materials within reach to enable me to help them. Thus our present knowledge 
of the plants of our own country has become known to me, and the difficulties of 
acquiring that knowledge have also become known through both my own ex- 
perience and those of my students. The nature of the hindrances and difficulties 
that at present bar the way has also become familiar, as well as the steps to bo 
taken to clear some of them away and to make the path less difficult to those who 
come after us ; and I have also gained a fairly good acquaintance with the means 
at the command of students of the floras of other countries, so as to have a 
standard for comparison in the estimate to be formed of the condition of matters 
in our own country. 

In how far is the present provision for the study of the flora of the British 
Islands sufficient and satisfactory? 

I vontiiro to hope that the subject \yill be regarded as among those for the 
consideration of which the British Association was formed, and that a favourable 
view will be taken of the conclusions which 1 take this opportunity to lay before 
you. What, then, is the present provision for the study of our plants? Since 
the days of Moirison and Ray there have been many workers, especially during 
the past century ; and an extensive literature has grown up, in the form both of 
books and of papers, the latter more or less comprehensive, in the scientific 
journals and in the transactions of societies. These papers contain much that is 
of great vahie; but, owing to the absence of any classified index, most of the 
mfomation in it is beyond the I'each of anyone, except at the expenditure of 
much time and labour. The constantly increasing accumulation of new publica- 
tions makes the need for a classified index always more urgent; for the mass of 
literature is at present one of the greatest obstacles to the undertaking of new 
investigations because of the uncertainty whether they may not have been already 
undertaken and overlooked through want of time or opportunity to search the 
mass exhaustively. 

While the early writers of descriptive floras sought to include every species of 
plant known to occur in Britain, this has not beon attempted during the past 
seventy or eighty years, and instead of one great work we now have monographs 
gt'oater groups, such as Babington’s ‘ Manual * and Hooker’s * Student’s 
Flora * of the vascular plants, Braithwaite’s * Mossflora,* &c. Local floras still, 
in a good many cases, aim at including all plants known to grow apparently wild 
in the districts to which they refer; but they are often little more than lists 
of species and varieties and of localities in which these have been found. In 
some, however, there are descriptions of new forms and notes of general value, 
which are apt to bo overlooked because of the place in which they appear. 

The early works were necessarily not critical in their treatment of closely allied 
siiocies and varieties, but they are valuable as giving evidence of what plants 
were supposed to be native in England when they were published. Even the 
works that were issued after Linmeus bad established the binominal nomenclature 
for a time related almost wholly to England. Sibbald in ‘ Scotia Illustrata ’ 
(1684t) enumerated the plants believed by him to be native in Scotland, and of those 
then, cultivated. Between his book and Lightfoot’e ^ Flora Scotia,’ published in 
1777, very little relating to the flora of Scotland appeared. Irish plants were still 
later in being <!ai‘ef«lly studied. 

The floras of Hudson, Withering, Tdgbifoot, and Smith, all of which indude 
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all species of kuown British plants, follow th© Linnioan classification and noincn* 
clature in so fax* as the authors wei'© able to identify the Liniifean species m the 
British llora. ‘ English Botany/ begun in 1795,^ with plates by bowerby and 
text by Smith, was a work of the first rank in its aim of figuring all British plants 
and in the excellence of the plates ; but it shared the defect of certain other 
great floras in the plates being prepared and issued as the plants could bo pi^- 
eured, and thus being without order. Its cost* also necessarily put it beyond the 
reach of most botanists, except those that had the advantage o&i access to it in 
some large library. A second edition, issued at a lower price, and with the plants 
arranged on the Einnsean system, was inferior to the first, in the plates 
partially coloured and in having the text much curtailed. The so-called third 
edition of the * English Botany,* issued 1868-86, is a new work as far as the text is 
concerned, that being the work of Dr. Boswell Syme, who made it vvorthily ropre- 
sensative of its subject ; but the plates, with few exceptions, are reissues of those 
of the first edition, less perfect as impressions and far less carefuUy coloured ; 
and this applies with still greater force to a reissue of the third edition a few 
years ago. This edition, moreover, included only the vascular plants and 
Characese. As this is the only large and fully illustrated British flora that has 
6eon attempted, it is almost needless to add that in this respect provision for the 
study of the flora of our islands is far behind that of certain other countries, and 
very notably behind that made in the ‘Flora danica.* 

Turning next to the pi'o vision of less costly aids to the study of British plants, 
we have manuals of most of the larger groups. The vascular plants are treated 
of in numerous works, including a considerable number of illustrated books in 
recent years, inexpensive but insufficient for any but the most elementary 
students. Fitch’s outline illustrations to Bentham’s ‘ Handbook to the Britislx 
Floi’a,* supplemented by W. G. Smith, were issued in a separate volume in 1887, 
which is still the best for use in the inexpensive works of this kind. Babington’s 
‘ Manual,’ on its first appearance in 1843, was gladly welcomed as embodying^ the 
result of careful and continued researches by its author into the relations of Bi'itish 
plants to their nearest relatives on the Continent of Europe ; and each successive 
issue up to the eighth in 1881 received the careful revision of tho author, and con- 
tained additions and modifications. In 1904 a ninth edition was edited, after tho 
author’s death, by H. and J, Groves; but, though the editors included notes loft 
by Professor Babington prepared for a new edition, they w’^cre ‘ unable to make 
alterations in tho treatment of some of the critical genera which might perhaps 
have been desirable,’ The ‘Student’s Flora of tho British Islands,’ by Sir J* D. 
Hooker, issued in 1870, took the place of the xvoll-known ‘ British Flora’ (1830, 
and in subsequent editions until the eighth in 1860, th© last three being ipsinnl in 
collaboration by Sir W. J. Hooker and Professor Walker Arnott), The third 
edition of the ‘ Student’s Flora ’ appeared in 1884, and there has been none since, 
Mr. F. N. Williams’ ‘Prodromns Fl-orm Britannicju,’ begun in 1901, of which 
less than one-half has yet appeared, though a work of much value and authority, 
is scarcely calculated for the assistance of tho ordinary student ,* and Mr. Drwte’s 
now edition of Hayward’s ‘ Botanist’s Pocket Book ’ * is intended merely to 
enable the botanist in tho field to name his specimens approximately, and to 
refresh the memory of tho more advanced worker.’ In all the books that are 
intended for the use of British botanists, apart from one or two recently issued 
local floras, the classification is still that in use in tho middle of last century, 
even to the extent in the most of them of retaining Coniform as a division of 
Dicotyledqnes. Apart from this, the critical study of British plants has led to 
the detection of numerous previously unobserved and unnamed forms, which find 
no place in the * Student’s Flora,’ and are only in part noticed in tho recent 
edition of the ‘Manual’ 

^ Th© ‘ Lists ’ of vascular plants of th© British flora that have recently been 
i^ued by Messrs, Bendle and Britten, by Mr. D!cuce, and as the tenth edition 
of th© ‘London Catalogue of British Plants’ are all important documents for 
British flora; but they illustrate very forcibly certain of the 
diffieulties^that beset the path of the student eager to gain a knowledge of tlm 
pliants,of ms native land. In these lists he finds it scarcely possible to gain a 
species and varieties of the one correspond with those 
the diversities of tho names omployed* It would ho a great 
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boon to others as well as to students were a full synonymic list prepared to show 
(dearly the oquivalonce of the names whore those for the same species or variety 
differ in the different lists and manuals. Probably in time an agreement will be 
generally arrived at regarding the names to be accepted, but that desirable con- 
summation seems hardly yet in sight. Meantime the most useful step seems to 
bo to show in how far there is agreement in fact under the different names. ^ 

Among the Cryptogams certain groups have fared better than the higher 
plants as regards both their later treatment and their more adequate illustration 
by modern methods and standards. Several works of great value have dealt with 
the mosses, the latest being Braithwaite’s ‘ British Moss-flora,’ completed in 1899. 
'Ihe Sphagna were also treated by Braithwaito in 1880, and are to be the subject 
of a monograph in the Kay Society’s series. The liverworts have been the subject 
ako of several monographs, of which Pearson’s is the fullest. 

Among the Thallophyta certain groups have been more satisfactorily treated 
than others— 'C.y. the Discomycotes, the Uredinetc and XTstilaginom, the Myxomy- 
cotes, and certain others among the fungi, and the Desmidiacem among the algm ; 
but the Thallophyta as a whole are much in need of thorough revision to place 
ihcm on a footing either satisfactory or comparable to their treatment in other 
countries. 

Of the Thallophyta many more of the smaller species will probably be dis- 
covered within our islands w^hen close search is made, if we may judge by the 
much more numerous forms already recorded in certain gi'oups abroad, and 
which almost certainly exist hero also; but among the higher plants it is not 
likely that many additional species will be discovered as native, yet even among 
these some \yill probably be foniid. It is, however, rather in the direction of 
fuller investigation of the distribution and tendencies to variation within our 
islands that results (d’ interest are likely to be obtained. 

The labours of H, C. Watson gave a very great stimulus to the study of the 
distribution of tho flora in England and Scotland, and the work ho set on foot has 
boon taken xip and much extended by numerous botanists in all parts of the 
British Islands. It is largely owing to such work and to the critical study of the 
flora necessary for its prosecution that so many additions have been made to tho 
forms previously known as British. Many local works have been issued in recent 
years, often on a very high standard of excellence. Besides these larger wot^ks 
scicntiric periodicals and transactions of field clubs and other societies teem with 
records, some of them very brief, while others arc of such size and compass that 
they might have boon issued as separate books. A few of both the books and 
papers are little more than more lists of names of species and varieties observed 
in a locality during a brief visit; but usually there is an attempt at least to dis- 
tinguish tho native or well-established aliens from tho more casuals, if these are 
mentionod at all In respect of aliens or plants that owe their presence in a 
district to man’s aid, intentional or involuntary, their treatment is on no settled 
basis. Every flora admits without question species that aro ccn’tainl.v of alien 
origin, even 'such weeds of cultiviitod ground as disappear when cultivation is 
given up, as may be verified in too many localities in some parts of our country. 
Yot other species aro not admitted, though they may bo met with hero and ther© 
well ostablishod, and at least as likely to perpetuate their species in the new 
homo as aro some native species. 

^ Comparatively few writers seek to analyse the flox^as of the districts treated of 
with a view to determine whence each species came and how, its relation to man, 
whether assisted by him in its arrival directly or indirectly, whether f.av<3urcd or 
harmfully affected by him, its relations to its environment — especially to otlun* 
speedes of plants and to animals, and other questions, that suggest themselves 
when sucdi inquiries ai"o entered on. It is very desirable that a careful and exhaus- 
tive revision of the British flora should bo made on those and similar lines. In 
such a revision it is not less desirable that each species should be represented by 
a good series of specimens, and that these should bo compared with similar series 
from other localities within oxxr islands, and from those countries, from which it is 
believed that tho species originally was sprting. Such careful comparison would 
probably supply important evidence of foi^ms being evolved in the now environ- 
ments, differing to a recognisable degree from tho ancestral types, and tending 
to become ipore marked in the more dislaiit and longer isolated localities. An 
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excellent example of this is afforded by the productive results of the very careful 
investigation of the Shetland flora by the late Mr. W. IT. Boeby. 

Within recent years excellent work has been done in the study of plant 
associations, but the reports on these studies are dispersed in various journals 
(often not botanical), and are apt to bo overlooked by, or to remain unknown to, 
many to whom they would be helpful. The same is true in large measure of the 
very valuable reports of work done on plant-remains from peat-inossos, from 
lake deposits, and from other recent geological formations, researches that have 
cast such light on the past history of many species as British |»lants, and have 
proved their long abode in this country. Mr. Clement Reid’s ‘ Origin of 
the British Flora,’ though published in 1899, has already (by the work of himself 
and others) been largely added to, and the rate of progress is likely to become still 
more rapid. Among the fruits and seeds recorded from interglacial and even from 
preglaciai deposits are some whose presence could scarcely have been anticipated, 
6 .y. Hyp&coum procumhens, in Suffolk. Some of the colonists, or aliens now 
almost confined to ground under cultivation, have been recorded from deposits 
that suggest an early immigration into the British Islands. While much remains 
to be discovered, it is desirable that what is already established should find a 
place in the manuals of British botany. 

Apart from the descriptive and topographical works and papers on our flora, 
there is a serious lack of information gained from the study of our British plants. 
Although a few types have received fuller study, we have little to compare with 
the work done in other countries on the structure and histology of our plants, on 
the effects of environment, on their relations to other species and to animals, and 
on other aspects of the science to which attention should be directed. On these 
matters, as on a good many others, we gain most of what information can be had 
not from British sources, but from the literature of other countries, though it is 
not wise to assume that what is true elsewhere is equally true here. It is as well, 
perhaps, that for the present such subjects should find scanty reference in the 
manuals in ordinary use 5 but, when trustworthy information has been gained 
within the British Islands, under the conditions prevailing here, these topics 
should certainly not be passed over in silence. Students of the British flora 
have as yet no such works of reference as Raunkjaer’s book on the Monocotyle- 
dons of Denmark or the admirable ‘ Lebensgeschichte der Blutonpflanzon Mitteb 
europas,’ at present being issued by Drs. Kirchner, Loew, and Schrotcr. 

^ In a complete survey of the British botany there must be included the succes- 
sive floras of the earlier geological formations, though they cannot as yet be 
brought into correlation with the recent or existing floras. In the brilliant pro- 
gress made recently in this field of study our country and the British Association 
are worthily represented. 

The present provision for the study of the British flora and the moans that 
should be made use of for its extension appear to be these 

Much excellent work has already been accomplished and put on record towards 
the investigation of the flora, but much of that store of information is in danger 
of being overlooked and forgotten or lost, owing to the absence of moans to direct 
attention to where it may bo found. A careful revision of what has boon done 
and a systematic subject-index to its stores are urgently required. 

The systematic works treating of the flora are in groat part not fully roT)ro- 
sentativc of the knowledge already possessed, and require to bo brouglit up to 
date or to be replaced by others. 

Great difficulty is caused by the absence of an authoritative synonymic Tst 
that would show as far as possible the equivalence of the names employed in the 
various manuals and lists. There is much reason to wish that uniformitv in the 
use of names of species and varieties should be arrived at, and a representative 
committee might wist to that end ; but, in the meantime, a good synonymic list 

^ ^ Mpful step towards relieving a very pressing obJtaclo to 
progress* ^ 

^ analysis of the flora with a view to dotorminincr 

species that owe their presence here to man’s aid, intentional or uncon? 
inquiry should be directed to ascertain the periods and methods 
^ become modified in their now homes their 
subsequent relations with man, and their influence on the native flora, whether 
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direct or by modifying habitats, as shown by Lvpinus nootlcatcnsia in the valleys 

of rivers in Scotland. , , , . . • . i j i,„ 

Those species that there is reason to regard as not having been introduced by 
man should be investigated as regards their probable origins and the periods and 
methods of immigration, evidence from fossil deposits of the period during which 
they have existed in this country, their constancy or liability to show change 
during this period, their resemblance to or differences from the typos in the 
countries from which they are believed to have been derived, or the likmihood 
of their havir^ originated by mutation or by slow change within the British 
Islands, and their relation to man’s influence on them (usually harmful, but 
occasionally helpful) as affecting their distribution and permanence. ^ 

The topographical distribution, though so much has been done in this field 
during the past sixty or seventy years, still requires careful investigation, to 
determine not merely that species have been observed in certain districts, but 
their relative frequency, their relations to man (natives of one part of our country 
are often aliens in other parts), whether increasing or diminishing, altitudes, 
habitats, &c. From such a careful topographical survey much should bo learned 
of the conditions that favour or hinder the success of species, of the evolution 
of new forms and their relation to parent types in distribution, especially in the 
more isolated districts and islands, and of other biological problems of great 
interest. A most useful aid towards the preparation of topographical records 
would be afforded by the issue at a small price of outline maps so as to allow of 
a separate map being employed for recording the distribution of each form. 

A careful study of the flora is also required from the standjioint of structure 
and development, with comparison of the results obtained here with those of 
workers in other countries where the same or closely allied species and varieties 
occur. It is also needed in respect of the relations between the plants and animals 
of our islands, both as observed hero and in comparison with the already exten- 
sive records of a similar kind in other countries. On such topics as pollination, 
distribution of seeds, and injuries inflicted by animals and galls produced by 
animals or plants we have still to make use very largely of the information gained 
abroad ; and the same holds good with regard to the diseases of plants. 

While * English Botany’ in its first edition was deservedly regarded as a 
work of the first rank among floras, it has long been defective as representing 
our present knowledge of British plants, and it has not been succeeded by any 
work of nearly equal rank, while other countries now have their great floras of a 
type in advance of it. There is need for a great work worthy of our coimtry, 
amply illustrated so as to show not only the habit of the species and varieties, 
but also the distinctive characters and the more important biological features of 
oaoh. Such a flora would probably require to be in the form of monographs by 
specialists, issued avs each (jould bo prepared, but as part of a well-planned whole. 
It should give for each plant far more than is contained in oven the best of onr 
existing British floras. Means of idoiitificaiion must be provided in the description, 
with emphasised diagnostic charactoiis ; but there should a»lso be the necessary 
synonymy, a (summary of t()i7ographical distribution, notes on man’s influence upon 
distribution, abundance, &c., bn any biological or other point of interest in struc!- 
inre or relations to habitat, environment, associatod animals or plants, diseases, 
Ijocal names, uses, and folklore ehoiild also be included ; and for this the 
need is a.U the greater, because much of such old lore is rapidly being forgotten 
4 ind tends to be lost. In a national flora there should bo included an account of 
the siuH-essivo flora.s of former periods, and, as far as possible, the changes that 
can be traced in the existing flora from its earliest records to the time of issue 
should bo recorded. 

A flora of this kind would not only afford the fullest possible information v;ith 
regard to the plant world of the British Islands at the date of issue, but would 
form a standard with which it could be compared at later periods, so as to permit 
of changes in it being recognised and measured. In the meanwhile the production 
of su(;h a flora can be regarded only as an aim towards which to press on, but 
which cannot bo atUined until much has been done. But while the fulfilment 
must be left to others, wo can do something to help it on by trying to remove 
diflufulticw from the way, and to hriiig together materials that may be used in its 
('oustruction. 

I have fiopght to call attcntltiW to thf difficulties that I have cx|)cricnc<Hl atid to 
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directions in which progress ‘coitld bo made at once, and lo provision which shonld 
be made for tho advancement of the study of the British flora with as little delay 
as possible. There is, I fool assured, the moans of making far more rapid and 
satisfactory progress towards tho goal than has yet boon accomplished. Many 
persons are interested in tho subject, and would gladly give their aid if they 
know in what way to employ it to tho best purpose. As a nation wo are apt to 
trust to individual rather than to combined efforts, and to wa,sto miuh time and 
labour in consequence, with discouragement of many who would gladly share tho 
labour in a scheme in which definite p.arts of the work could botmd'ertakon by 
them. 

I believe that a well* organised botanical survey of the British Islands would 
give results of great scientifle value, and that there is need for it. I believe, .also, 
that moans exist to permit of its being carried through. There is no ground 
to expect that it will bo undertaken on the same terms as tho Geological Survey. 
A biological survey must bo accomplished by voluntary effort, with possibly some 
help towards meeting necessary expenses of equipment from funds which arc 
available for assistance in scientific research. Is such a survey of it an object 
fully in accord with the objects for which the British Association exists? In 
the belief that it is so, I ask you to consider whether such a survey should not 
bo undertaken ; and, if you approve the proposal, I further ask that a committee 
bo appointed to report on what steps should bo taken towards organising such a 
survey, and preparing materials for a national flora of tho British Islands. 


The following Papem wore read : — 

1. On the Funotion and Fate of the Gystidia of Copriiiiis atramentarius. 
By Professor A. H. Eeginalb Bulber, D.Sc., Phi)., F.R.S.C. 

Brefcld,^ in giving an account of tho life-history of Cop'bnts atercorariu,^^ 
made tho suggestion that tho cystidia which ho observed* in that species inay 
possibly act as props to keep tho gills, when stretching, from pressing against 
one another. 

Hitherto the fate of the cystidia of tho Coprini has been a inyslery. Worthing- 
ton Smith ^ stated that tho cystidia arc male organs, that they fall to the ground, 
and that they there liberate spermatozoa, which fertilise tho spores. 

In tho light of my recent discoveries concerning tho mode of liberation of the 
ppores of the Coprini,® I have invest igcited tho function and fate of the cystidia of 
OojirimiH atnmmtariuBf and have come lo the following conclusions • 

The gills of Coprinus atramentarius are of great width and of extreme thin- 
ness, and consequently are very flexible. K amorous long <*ysticHa stretch In'tween 
and connect adjacent gills, tho general surfaces of which thus become s<‘paral<Ml 
by an interlamollar space about O’JO mm. wl<lo. The cystidia sorve as props, 
firstly, to keep the gills from touching one another during spore <iev<‘lopmerit; 
and, secondly, to provide suflicient interlamollar .space for the free escape of the 
spores from between tho gills during their di.schrtTge. 

The cystidia do not drop out of the gills when mature. Thoir disappearatu'o 
is due to auto- digestion. Excluding tho cystidia, the gills undergo auto- digest ion 
from below tipwards in the manner that have already described for Oopinus 
eomatus. Each cystidium begins to undergo auto-digestion as soon as it comes 
to be situated about 0*6 mm. above the upwardly progressing general zone of 
auto-digestion, and about forty minutes or so iKjforo the basidia and paraphyses 
in its immediate vicinity. During thoir auto- digestion the cystidia b(K‘ome pro- 
gressively thinner, their fluid-contents are apparently absorbed by neighbouring 
cells, and^ they are finally withdrawn in a much reduced state to the gill sides, 
. where their destruction is completed. 

The cystidia, owing to their early auto-digestion, never persist until the 

, , ^ 0, Brefeld, UrUermchungen, Heft III., 4887, pp. 57 and 58. 

; , 1 ,^,W- Bmm, Grevilka, vol. iv., 1876-76, p. 60; also vol. x., 1881, p. 78. 

on Fungi, tondop, IflOD, pp. 196-816. 
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upwardly progressing zone of spore discharge reaches them. Their prop function, 
however, is retained up to the last possible moment, and they disappear just in 
time to prevent the falling spores from striking and adhering to them. 

In a number of other species of Coprinus ihc cystidia are removed from the 
gills during spore discharge by a process of aulo-digcstion similar to that which 
occurs in 0. olrtmuivtarlus. 

„ 2. /hexual Reproduction in a Species of Hn.proIegnia. 

% A. E. Lechmkre, MSg, 

A species of Saprolegnia was kept in pure culture in various media, hub it 
proved impossible to obtain the formation of sexual organs. It has, therefore, 
not been possible to identify the species. The cultures were, however, of interest 
because of the variety of methods of asexual reproduction shown by thorn when 
grown under different conditions. Methods of asexual reproduction were observed 
in this one species which were regarded by earlier authors as characterising six 
different genera of tho family. 


3. On PsGudomitosis in Coloosporium. 

By Professor V. H. Blackman, M./l. 

A form of micloar division intermediate between mitosis and uniiU)sis is to 
be observed in tho divisions of the teleutospore in Colcosporium Tusf^ila(/hus, 
A well-marked spindle, centrosomes, and polar radiatiops are present, but tho 
spiromo which appears after nuclear fusion disappears again, and the chromatin 
betiomes granular. The granular material becomes arranged on the spindle, 
and is then drawn apart towards tho poles without the formation of 
chromoKomos. 


4, Chromosome Reduction in the Hymemmycetes, 

By Harolb Wager, F,KS. 

The nudetis of tho basidium is formed by the fusion of two nuclei (Wager, 
1H02), rarely b^ three or four (Wager, 1893; Maire, 1900). Tho presence of six 
or eight xiuclei in a basidium as described by Koson (1892) has not been observed, 
but some light is thrown iipon Bosen’s observations by the appearances presented 
in Mycena yahHculafa. In this species tho nuclei both of the hyphao and tho 
young basidium constantly show three or four chromatin masses iu each nucleus, 
probably chromosomes, and in some eases, especially in tho basidium, where tho 
nuclear membrane is not dearly soon, wo an appearance of six to eight minute 
deeply staining nudei, whidi correspond perfectly with tho description of the 
nmdoi of tho fungi given at about tho date of Boson’s paper by Schmitz and 
other observers. 

The fusion of more than two mndei in tho basidium appears to be an 
abnormal, and not a normal, occurrence, as Dangeavd has maintained. 

The nudei in the young basidium are extremely small Previous to fusion 
they ineroaBo much in size, and in some cases they appear to extrude a quantity 
of (thromatin, in the form of a nucloolus-like body, into tho cytoplasm. 

Tho number of chromosomes in tho vegetative nudei appears to bo four. 
These ai'o constantly seen in My etna gahriculata, both in tho hyphao and in the 
young basidium. After tho extrusion of tho chromatin the young basidial nuclei 
show tho normal structure of a resting nucleus with a faint nuclear network 
and a nucleolus. In this stage they fuse. 

Thoro^ was no direct evidence of conjugate division in the hyphao. In 
iStro 2 ^hcma stercorarms it was dear that conjugate division was possible, but in 
some other forms it was just as dear that tho fusion nuclei of tho basidium 
might be sisters. 

After fusion both the basidium and its nudeus increase very mudi in size 
and tho cytoplasm stains intensely. Tho nuclear network becomes very distinct, 
and in some cases api)eared to form a nearly continuous spiromo. The nuclear 
thread bmks up into eight segmenlj?, out of which the miaute deeply staining 
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chvomosomos arise by a condensation of tho chromatin. At about tho stage of 
the segmentation of' the nuclear thread contraction figures can bo observed. 
Some of the nucleolar chromatin appears to bo talccii up by tho chromosomes, 
but tho nucleoli themselves are extruded into tho cytoplasm when division 

takes place. ^ ^ . , , , . 

The spireme often exhibits a folding at tho }ievii)hcry of the mivhm as 
described by Farmer and Moore in the nuclei of higher plants, but this <Iid not 
resolve itself into bent and twisted segments, although appearances were observed 
which might have been interpreted in this way. 

Reduction is brought about simply by the distribution of tho chromosoii os 
into groups of four each to the two daughter nuclei at the first division of the 
basidial nucleus. This apparently corresponds, there fore, to the hrachymeiotic 
phase in the ascus as described by Miss FrastU’, and seems to indicate fhat a 
sexual fusion necessitating a meiotic yhaso is ali.sont. Tho second division -in 
the basidium appears to be normal, in that four chrornosomcH nm prodiuted, 
which divide into tw^o groups of four cai^h to form tho nuclei whi<'h will 
ultimately pass into the spores. The four chromosomeH in tho daughler nuclei 
were in most cases very clearly seen at tho poles of the s])inrlk‘. in tho re- 
constitution of the daughter nuclei ihc! chroniosonu's first of all fused together, 
and out of this fused mass the nuclear network and tho nucleolus were 
difforentiatecL 

Clear indications of ilio four chx’oinosomcs wore also seen in the nuclear 
division in tho spores. 


5. Some Ohsermlions on the Silver-Leal of Fruit Trees. 

By F. T. Bbooks, M.A. 

This disease attacks plum trees more fmpu'ntly than any other kind of fruit 
tree. Apple and chen*y trees are occasionally affected, and i lia.vc recently found 
a few red-currant and gooeeberry bushes attacked by this disciusi^. 

As the name of the disease implies, the foliage of affected filjints presents a 
silvery appearance in contrast with^ the dark green colour of healthy leaves. 
At the commencement of attack a single branch usually becomes affected, but 
sooner or later the entire foliage asisumes a silvery appoaranc-c,^ After an atta<*k 
during one or more seasons^ some of the branches begin to die, and ultimately 
the whole tree succumbs. This disease seems to b© rapidly increasing in fr*‘(|ucn<'y, 
and in some fruit plantations of Cambridgeshire nearly It) per cent, of tho plum 
trees are affected. 

Porcival^ appears to have been the first to call serious attention to Huh 
disease. In 1902 he showed that the silvery appearance of the leaves wan duo, 
not to any change in the constitution of the chlorophyll, but to the formation 
of air-cavities in certain of the walls of the epidermal colls, lie found that 
portions of roots of affected trees gave rise to the sporophoroB of AVerr/////. 
furpureum when kept in a moist atmosphere. ‘Upon inocudaiing branch(‘B of 
healthy trees with portions of these sporophonm he found ilmt the htliage 
of the inoculated branch stibaequently became Hilvered. lie conchidtul, there- 
fore, that Stereum purpumim was tho cause of tho diseaHc, and I'fiimidered that 
this fungus secreted an enzyme which, upon being carrit^l uf> the liranch, 
produced tho silvering of the foliage. Moro recently Bfioncer Pickcjring^ has 
made a number of inoculation experiments with sporophores of ihis fungus, and 
in the large majority of cases silvering of tho foliage of inoculated triais 
subsequently resulted. On the other hand, some obHcvrvcrs d<mbt whether 
Stermm putpurmin is the cause of the disease. 

For the last two seasons I have been making observations and experiments 
on this disease among the fruit plantations of Cambridgeshire,- The work is 
not yet complete, but the results which have so far eomo to hand are as 
follows r— 

Large numbers of plum trees have been seen on tho dead brnnethos of whiith 
the sporophores ot BUrmm piivpurmm were piwnt in abundance? in tliose 

Boc., 1902, vol. xxxv, 

Beport of tfee Woburn lixjxerhpontal Fruit 'Farun ItMib 
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Ulo foliage of tho rest of the tree was silvered. On one of the rod-currant 
bushes recently seen to bo silvered tho fruit bodies of this fungus were found 
lo bo growing. So far, the sporophorcs of Stcraum have been found only on 
dead branches ; upon cutting sections of those parts, hyphaj arc found to bo 
abundantly present in tho vessels of the wood. No mycelium has yet been 
found in the portions of the silvered tree which are still living. 

^ OerUin inoculation experiments have been performed. In previous work on 
this disease alb, these experiments, as far as I am aware, have been made with 
j)ieces of the sporophorcs of Stereum, It was decided, therefore, to make a 
number of inoculations with clean spores, as well as a scries of inoculations 
with sporophores. 

Upon placing pieces of sporophore in the branches of healthy trees, the 
foliage beyond the point of inoctilation became silvered a few months later. 
These results arc identical with those of Percival and Pickering. 

On the other hand, the spore inoculations have not yet resulted in causing 
the foliage to become silvered, although certain of these experiments were 
made more than a year ago. It is not likely that tho germinativa cap«acity 
of these spores w.ms at fault because the spores have been found to germinate 
well in hanging-drop cultures of plum-wood extract. It is possible that the 
silvered effect may appear next season after the mycelium arising from the 
spores used in these inoculations has developed more luxuriantly. However, 
it is conceivable that tho factor in tho sporophore inoculations which causes 
silvering of the foliage to ensue may be absent from the spore inoculations. 

In tho course of this work it has been found possible lo grow the mycelium 
of 'piu'purmm, in pure culture. By sowing the spores on blocks of 

sterilised plum wood placed in suitable tubes, a good growth of mycelium has 
boon obtained. It is proposed to use this mycelium in subsequent inoculation 
experiments. Derived as it is from pure cultures, none of tho objections can 
1)0 raised against the use of this mycelium that may possibly be urged »against 
the employment of pieces of sporoi)hores obtained from branches of diseased 
trees. 


6. An Arrangement for using the Wafer Blades of Safety Razors in the 
Microtome, By B. H. Bentley, MjL 


FRIDAY, HBPTBMBER % 

Joint Meeting with Section D.— Sec p* G28. 


The following I’apers were read in Section K 

1. Vegetative Mitosis in the Bean, 

By Misvs IL C.’ L Fkaseb, D,Sc,, and John Snell. 

Xu the cmirc ‘6 of eii investigation of the niudei of tho root apex of Virkt 
faha it was observed that in the late telophase tho chromosoincvs become attached 
laterally one to another. At the same time each chromosome was seen, especially 
in Iho region of these attachments, lo be longitudinally split into two portions; 
the fission, widening more or less, was observed to persist throughout the so- 
<'allcd i-esting stages of the nuclons. Such an appearance of duplication has been 
recorded by various authors, and has boon cfonstantly explained as due to the 
.ap])roximatJon of paternal and maternal spiremes. 

To obviate confusion from this source the study of garnetopliytic nuclei was 
underlaken, and it was found that in the mitotic divisions in the poll on-grain 
duplication of the chromosomes first appears in the late telophase; the forniaiion 
of a roiicudum is due to tho lateral attachment and consequent pulling apart in 
places of the longitudinally split halves. On tho formation of iho spireme iho 
Udcvul c.ouuecticms break (lowu and the split halves Ik, 'come more or less closely 
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appl^0Xlmaicc^, the iipireme being double from its first formation till it divides 
into the longitudinally split (’liromosfnneH. On the spindle the longitudinal 
fission doses to reopen permanenily as tlio daughter chromosomes travel to the 
poles. 

The chromosonies therefore which separate one from another in^ any given 
ilivision are the result ot‘ a longitudinal fis.sion which is initiated in the pre- 
ceding telophase, and the nudeas, alike of the sporophyte and gametophyio, 
shuwij a double strudnro througlmut its resting stages. ^ 


2. On the Somatic and Beierotype MitoscB in Galtoniu candieans. 

By Professor J. B. Pahmer, F.RS., and Miss L. Bioby. 

The question as to how the process of the reduction of chromosomes is 
effected is still unsettled. Two principal views arc current * 

(1) That the reduction occurs during ‘rest,* and that each meiotic division 
is associated with longitudinal fi-ssion as m a somatic division. This view implies 
the negation of chromosomal individuality. 

(2) That meiosis is associated with a temporary pairing followed by the 
dissociation of somatic chromosomes, and their distribution to the daughter 
nudei at either the first or second meiotic division. Further, that the tern- 
imrary union is probably between homologous chromosomes derived from the 
male and female parent respectively. Amongst those who adhere to the latter 
interpretation of the process there is a difference of opinion as to the method 
by which the result of distribution of the chromosomes during the first meiotic 
division is achieved. 

One school, represented prominently by the investigators at Louvain, 
believe that a side-to-side pairing at or before synapsis takes place, or that 
the chromosomes first issue from rest as paired structures (pro-chvornosomos) 
and that there is nothing representing the longitudinal fission of the earlier 
and subsequent mitoses, but that the appearances which have boon thus inter- 
preted are illusory and depend on the approximation and subsequent divarication 
of distinct pairs of somatic chromosomes. 

Another set of observers, including ourselves, consider that the appearamni 
of early longitudinal fission is not illusory, but really corresponds to this process 
as met with in ordinary dividing nuclei. Tho union of entire pairs of chromo- 
somes, whereby the reduced number is effected, is regarded nts being due to 
an end-to-end union or non-soparation, or eke to be brought about by a pairing 
at * second contraction.’ Wo do not propase to go into the whole tnattcr fully 
here ; this has been dorvo in a paper in cour.se of pulilication. Wo wish. liow<‘vm*, 
to draw special attention to certain facts, the general bearing of which seems to 
have attracted less attention than they deserve. 

We refer to tho results of a study of the complete serii's of (‘Vt‘ni.s which 
intorveno between telophase and prophaso in the last archesporial, uiul ihu 
heterotype mitosis, together with the comparison botweoii them ami premeiolit^ 
divisions, whether in the arcfhesporial or somatic tissues. 

For purposes of illustration we have selected Oitltomn nnullnt)u^, mainly 
because it is specially favourable for this investigation, and alro bmtauHo it 
has been studied in part by others. We exhibit a series of drawings, as a<‘t*uruio 
as we could make them, to illustrate these most important stages, and we have 
also added one of a tapetal prophase. 

It will be eeon that in all of them, owing to the absem^o of ‘resting’ sfcugt's 
especially in tho archesporial mito.ses, there is a remarkable similarity, extending 
to minute details, between the prophase of the heterotype, tho division in ili.spnic, 
and the other and earlier mitoses in this plant. 

As the telophase of an early archesporial division, for example, (unnos on, 
there is seen to be a condensation of the chromatin on the two (ulgt^s of each 
of the chromosomes, and even when these have lost tlicir early distinctnewH the 
duplicate cliaracter can still, and thus early, be detected. As the next diviBion 
^pempes, again the^ dots or lines aggregate in pairs— the new chromosomal 
l<^3igrtudinaJly divided ah initio. The fission can be detected easily 
^rreme, and only becomes for the most part temporarily invisible 
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iho chronxosomos thicken and reach maturity before tboii’ iirrahgemeht on the 
spindle. There the -vvell-known fission reasserts itself, and results in the fomia- 
tion of the groups of chromosomes of the pair of daughter nuclei. Now, precisely 
similar conditions obtain during the early prophase of the htUroiypt mitosis 
in Galtonia. Neither in the somatic nor in the meiotic prophages is there a 
definitely numerical eetimation of chromosomes possible: The number of separate 
chromatic structures is quite variable. The longitudinal fission in the heteiotypo 
is prepared foj^, as in the preceding mitoses, during the telophase of the last 
archesporial division, and on the reconstitution of the chromosomes in the early 
heterotype prophase, exactly similar paired arrangements are to be discerned 
as in a somatic mitosis. Finally the nucleus goes into synapsis; and here it 
must be admitted that it is not possible to follow exactly what occurs, but sub- 
sequent events show that at any rate there is at that stage no pairing of 
individual or homologous chromosomes. In the hollow spireme which follows, 
more or less definite traces of the preceding longitudinal fission can still he 
soon, and it may be mentioned in passing that there is some variation in the 
way in which the process as a whole is conducted. Sometimes the thread looks 
xmiform, at other times threads made up of distinctly double filaments arc to 
bo seen. There is considerable anastomosis between the thread work at this 
stage, and the same is true of certain other plants in a still higher degree, 
hloreover, there is a considerable range of variation in the thickness of the 
threads — or thread-pairs — ^in the same nucleus. This k of weight, as much 
stress has been laid on thickness as a criterion of structure. A full account of 
those structural features will be published shortly. As second contraction comes 
on, the loops and tangles of the spireme become more closely approssed, and a 
paired aiTangcment quickly becomes obvious. The whole process is rapidly gone 
through, and there seems to be a wide range of variation in the actual manner of 
approximation. Thus sometimes a bending over of a loop, at other times the 
appi'oximation of distinct chromosomes to each other takes place. There may be 
a twisting round each other or a merely parallel arrangement. 

It k easier to follow out the process in Galtonia than in many other plants, 
owing to the remarkable difference of sisso which exists amongst tlic chromosomes 
themselves. 

The later stages call for no particular coanment, but wo desire to call special 
attention to this plant as one in which there can bo no mistake in. the seriation. 
Wo have for some years selected Galtonia for detailed observation, owing to the 
advantage, already alluded to, of the absence of any intercalated phraee of ‘ rest ’ 
iKJtween the last archesporial and the hetorotype mitosis. We feel convinced that 
the same interpretation to bo placed on the events of propliase in the ordinary 
archesporial prophase, must also apply to the corrcsj)oiiding stage of the hetero- 
type, and that, as wjis said some years ago, the union of somatic chromosomes 
to form iho psmulochromosomcs, and thoir separation at the lietcrotype mitosis, 
is to be regarded ns a stage intercalated between the prc)j)hasi(’, longitudinal 
fission of the lielerolype and the compkdion of llik fission, which is thus po.st - 
poned to the hoinoiype division. We would point out that those who hold the 
other view have luwer explained why there should invarialdy be iico rniioses 
comprised in the meiotic phase. 

3. On the Vermifarm Male Nuehi of Lilkmi, 

By IVofcrtsor V. 11. Blackman, M,A. 

The shape and structure of those mudel were desddbed in detail, and oircnni* 
stantial evi donee brought forward that these striKtiures, though purely nuclear 
in nature, are capable of movement, and make their way by itieir’ own activity 
into the ogg-coll and towards the polar nuclei. 


4* Colour InherUance in Anagallls arvensii^, L, 

By Vvoimox F* E. Weiss, 1).8c. 

The scarlet atld Wuo plmpertielft, re^garded by some botanuiiS as differ(‘nt 
Upecies and A* cmnitca (Slircb) respectively arc united 
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under tli© imhio .d. ariH'iim, L., iu the ‘Index Kewnnsis,’ an<l alsn in Shgler's 
* Plianzcnroich,* iu which lai.toi' work they arc j 2 ;ivou the vjirictal iianios of 
plimikm and avrvlon. The blues variety is sUito<l to bo without glaudular hairs 
on tho margin of the petals, but in all the spo(‘iiuons oxamimul such hairs have 
been present, and the edge of tho petals was JU)t always markedly denticulate. 

In both forms tho throat of the corolla is of purple <!olour, due to ilie presence 
of a purple sap in tho cells of this region, and in the centre of these purple cells 
there is always a collection of noodlC'Shaped crystals of doep-bluC|polout\ Hap of 
tho same purple colour is found in the staminal hairs, and also in the glandular 
hairs which fringe the petals in both forms, but in the blue variety the basal 
cells of these glands contain numerous blue crystals sirtiilar to those found in the 
throat of the corolla. The sap of tho cells appears to bo acid, and, when treated 
With potash, the blue crystals observed in those cells are dissolved. 

In the scarlet form the bright colour of the petals is due to a rod sap, different 
in colour and in its chemical nature from the purple sap of tho cells just referred 
to, at tho base and the edge of the corolla. In the blue form the colour seems to 
be due to a blue sap, though possibly the appearance is really clue to very finely 
divided particles of blue colour. Whon treated with dilute acetic acid tho sap 
tends to become pink, and small blue granules make their appearance in the cells. 
Two other varieties of this specues occur in nature, one somewhat salmon- 
coloured (*4. carnea of Schrank) and one of pale-pink colour. Both these forms 
resemble the scarlet form, except in the lighter colour of their cell-sap, and have 
the same purple throat with blue crystals in its cells. Through the kindness of 
my friend Mr. Doeg, of Manchester, I obtained specimens of all four varieties 
from. Anglesea, where they occur fairljr commonly. 

On pollinating the scarlet form with pollen of the blue variety I obtained 
plants which bore pure scarlet flowers, and the reciprocal cross, blue pollinated 
with pollen of a scarlet form, produced plants with scarlet liowcrs indistinguish- 
able from the scarlet parent.. Only on one or two flowers out of several hundred 
was a small blue streak noticeable on the petals and indicated the hybrid 
nature of the plant. The red colour was therefore dominant, and the blue colour 
recessive. 

In the /a generation complete segregation took place, and the plants bore 
either brilliant scarlet or bright bluo flowers; no intormodiate colours wero 
noticeable. This applied to the offspring from both of the crosses, Ko very 
good Mendelian ratios wore obtained in the numbers of the bluo and red plantsi 
partly on account of the small number of tho plants and ptu'tly owing to some 
interruption in tho work. Up to the present the numbers m generation are — 
in descendants of A. cevntlea ¥ X pheenirea sixty-two reel and eight bltie; in 
the case of tho descendants of A, phamicca ? X ctnruha $ tweniy-fivc rod and 
two blue. 

Tho palo-pink form was crossed with blue, and tho latter colour was in this 
case also found to be recessive. Tho /« goneration of this crows ha,s not. yet been 
obtained. 

The complete dominance of the pure red colour in the crowsos of tho vari(‘.ik;js 
pltmnkca and acruha is contrary to the siigge.stion whi<*h has been made (hhigk'.r’.s 
' Pflanzenreich ’) that A. camvn {Hchrank} is tho hybrid of the, so two forum. Ji is 
more likely, I think, to be a pale variety of tho siairlot pimperuel, especially na 
there is some difference in tho depth of colour of this form. KxperimoutH are 
now being carried on to settle this point. 

The experiments described above confirm thoso of Focko (‘Ptianwm- 
mischlinge/ 1881), who obtained a hybrid of AnngnKk nrrmm^pJtmnicna ¥ x 
emruUa in v^hich the first flower had one-tenth of the corolla-' f.c., oiuj-haif of 
one petal — blue, while the rest was rod, and all the subsequent flowers were red. 
He did not, however, carry his experiments on to the goneration, and so did 
not observe the complete segregation of the two forms. 

Gaertner, on the other hand (‘ Bastardenerzeugung,’ 1849), states that the two 
forms do not produce fertile seed when crossed. In this connection it may bo men- 
tioned that a blue form sent me by Dr. Berger, of La Mortola, cannot bo crossed 
with, prdina^i^ form. Other characters, too, seem io indicate that this 
form may be a different sp,''cies. Tho hybrid described by Pdriler 
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(‘Vorh. (kr Zool.-bot. Gesel.’ Wien, 1903) as Anagulfis arvenmXcat'ufva, and 
which was considerably ))aler than p/ujcnicea, may have been &> hybrid of the paler 
form (/I. earnea) with the blue piinpernel. 


5. Further Obsemitions on Inheritance in Primula sinensis.' 
By R. P. Gregory, M.A, 

m 


6. Sand-dunes and GolfdinJes. By Professor P. 0. Bower, F , R , 8 . 


MONDAY, SEPTEMBER 5. 

Joint Discussion with Sections B and I on the Biochemistry of Respirations 

See p. 762. 


The following Papers were read in Section K - 
1. Note on Opliioglossum palinatum. JS?/ Prof essor F. 0. Bower, F*R.S^ 

It hafi already been shown that Opliioglossum pendulmi and simplex (included 
in section OpModerma) differ from others of the Ophioglossaceoe in the fact that 
the leaf-trace consists not of a single strand, but of more than one. It is true 
that in Botrychium, and less prominently in Hehiinthostachys, the single strand 
soon divides; but in both of these and in Eu-opMoglosswn the leaf -supply is 
inserted as a single strand. 

It was thought probable that 0. pahnatmn (the only species of section Chevro- 
glossa) would share with the species above named the character of a divided trace, 
and material collected in Jamaica has shown that it does. The axis is much 
distended by parenchymatous storage tissue in pith and cortex, and as a conse- 
quence the meshes of the stele are transversely widened. From their margins 
right and left, but not quite simultaneously, arise two strap-shaped strands, 
which are thus widely apart in their origin. After subdivision into numerous 
smaller strands, these range themselves into two fan-like semicircles, which 
spread till their margins meet, foimiing the circle of strands of the petiole.^ 

A remarkable feature of the stock is the intrusion of roots into the bulky 
pith; this is especially obvious towards the base, whore they pass out as thick 
mycorhizic roots. 

Comparative study of leptosporangiato ferns has shown that the single strand 
is a primitive, and the divided strand a derivative, type of leaf-trace. If this 
hold also for the Ophioglossacom, then the section Ophiodmna and Ohnroglosm 
are in this feature derivative as compared with the rest of the family. This con- 
clusion is in accord with comparison on other grounds, whitihevor view be taken 
of the origin and ah'mitics of the family — ^whether from early Filicales or from 
some such source as the 8phenophyllalcs. In either case their characters of ex- 
ternal morphology indicate 0, pmdulum, simphx, and palmatum as extreme and 
specialised types,® and this estimate of them is now supported by the detail of 
insertion of the loaf- trace. 

2. On Two Synthetic Genera of Filicales. 

By Professor F. 0. Bower, F.R.S, ' 

In a recent paper on the genus Plagiogyria* It hSiB been shown that this typo 
is certainly a substantive genus, quite distinct from Lomaria, with which it was 

1 Published in the Journal of Genetics, vol. i., p. 1, 1910. 

® Compare Annals of Botany, vol. xviii., pi. xv., figs. 14, 18. 

Ihid. vol, xviii., p, 205, vol. xxii., x). 327. 

^ Annals of Botany, 1910, p, 423. 

1910. 3 K 
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ranked by Sir W. Hooker, and that it occupies an important inierniediate posi- 
tion, throwing light upon the phylogeny of certain ferns. Its stclar character, 
only slightly removed from solenostely, its undivided leaf-trace, its simple forked 
venation, occasional dichotomy of axis, absence of flattened scales, absence of a 
true indusium, its sorus initially simple but showing later a ‘ mixed ’ character, 
the segmentation of the sporangium, its thick stalk, oblique annulus, indeter- 
minate stomium, and tetrahedral spores collectively indicate it as relatively 
primitive. It shows resemblances to all the great series of Simplices,^ but not to 
any one of them so clearly as to point to close affinity. Its posidon is probably 
in relation to the Gleicheniacem and Schizaeaceae, and perhaps specially to the 
latter. On the other hand, the * mixed ' character of the^ sorus, together with 
many of the features above named, points towards the Pterideas. ^ But these have 
a vertical annulus, while that of the Plagiogyria is oblique. This distinction is, 
however, bridged over by the fact that in Gn/ptogra7nme (with which Plagiogyria 
has been associated systematically by Diels traces of an oblique annulus are 
clearly seen. The sporangia are far from uniform in their details ; the series of 
cells of the annulus may be at times irregular or broken ; isolated cells of the wall 
may be indurated like ceils of the annulus; sometimes the annulus may appear 
vertical and interrupted at the stalk, but at others it can be traced clearly past 
the insertion of the stalk. These facts indicate Cryptogranune as in an unstable 
condition between the oblique and the vertical annulus, and suggest that a real 
transition has occurred from the former as primitive to the latter as a derivative 
state. 

If this be so, we have outlined a great phyletic sequence from some type of 
Simplices, allied in the neighbourhood of the Schizmaceoe and Gleicheniacese 
to the whole sequanece of the Pteridem, vrhich have always been regarded as a 
relatively primitive series. Aiid this transition appears to have been direct 
from the * eimpl© ’ to the ‘ mixed ’ sorus without any ‘ gradate ^ condition inter- 
vening. 

Another somewhat similar sequence may bo also recognised, but in this case 
leading to the ‘gradate’ series of Cyatheaeese. It starts from the genus Lopho- 
soria, represented by the single species L, pnmiata (Pr.) designated by Christ 
AUophila quadriphmata (Gmel.), C.Ghr., and long merged in the genus AUophila, 
from which it should be separated on various grounds. It is a low-growing 
tree-fern, with handsome leafage and profuse production of runners from the 
base of the stock. The young parts are covered by hairs, scales being absent. 
The stem shows solenoslelic structure, especially in the runners, where the leaves 
are not crowded. The sorus is superficial and naked, of the Gleicheniaceous type, 
all the sporangia arising simultaneously; the annulus is oblique, but the de- 
hiscence is lateral, and the spores approximately 64. Such characters point in 
the direction of Gleklienia, and e.spccially to the more advanced types of Mcr- 
ie7isiaf such as G. dirhotoma and pertinnta. These, with G. flahdlnfa as a rela- 
tively primitive species, form a sequem'o in which increase of anatomical com- 
plexity towards solenostely goes parallel with increase in number of sporangia in 
the sorus and decrease in size and spore-output of individual sporangia. TTierc 
is, however, a decided break between the sporangial details in GUichtnia and 
those of Lopliosoria. It is not suggested that LopJwsoria is a further term in 
this series ; but it is suggested that the mechanical possibilities of further elabora- 
tion of the sorus along the lines of G. pectinata with close-packed sporangia and 
median dehiscence were exhausted ; that a new start was made by a race which, 
while maintaining the main characters of Gleichcimcecc., adopted lateral dehiscence 
and finally a gradate sequence of sporangia ; and that Lopkosoria is perhaps the 
most primitive living example of that type. 

On the other hand, the relation of Lopliosoria to Alsopliila is obvious; but 
AUophila bears scales as well as hairs, though the sorus is naked. In Hemitelia 
the^ scales, in the form of an incomplete indusium, imperfectly protect the sorus, 
while in Oyathea the specialisation of the scale for this purpose is perfected in 
the indusium. Such protection became all the more necessary as the ‘ gradate ’ 
development was assumed. 

It >(rauld further appear, if this sequence is correct, that the prostrate position . 
^ ^ and Prantl. Fflammfam.t L, 4, p. 279. 
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was probably represented in the earlier terms of this series, and that the upright 
position of the more advanced Cyatheacem was a secondary condition. 

Thus, by the help of the two synthetic genera above named, it becomes 
possible to trace the origin of two great sequences of living ferns along lines more 
or less parallel but distinct : the one leading to a multiplicity of ‘ mixed ’ types 
represented by the Pteridese, the other to some of the most prominent ‘ gradate * 
types of the Oyatheaceous affinity. And it appears that these may both have 
arisen from types of the ‘Simplices’ having affinities with the SchizEeaceaj and 
Gleicheniacete:;^ 


3. On the Fossil gmus Tempskya. 

By E. Kidston, LL,D*, FMB.y and D. T. Gwynne-Vaughan, M,A. 

From the examination of some specially well-preserved Russian petrifactions 
belonging to this genus it may be safely stated that these fossils consist of aggre- 
gates of branching fern stems imbedded in a compact mass of their own inter- 
woven adventitious roots. 

The ‘ false stems * thus produced no doubt grew erect as columnar or conical 
structures, attaining a height of nine feet or more. The individual stems are 
only about the thickness of a slate pencil, and they possess a solenostelic vascular 
system. Strange to say, although growing erect, they exhibit a well-marked 
dorsiventral symmetry, with the leaves all on one side of the stein and adventi- 
tious roots on the other. 

The existence of a fern possessing this peculiar habit of growth opens the way 
to the suggestion that the strong, erect, arboreal stems of the modern tree-ferns 
may not be a primitive feature of the order. These plants may have been 
derived from forms with a Tempskya-like habit, in which the original axis has 
so greatly surpassed its branches in size and importance that the latter are now 
almost entirely suppressed. As a result we have now a single main axis strong 
enough to grow erect without the additional support of a root coating. 


4. Further Observations on the Fossil Flower. 

By Miss M. C. Stopes, D.Sc., PhD. 

The ovary and perianth of a petrified flower {Cretovarinm japonicum, Stopes 
and Fiijii) from the Cretaceous rocks of Japan were recently discovered by 
Professor Fujii and the author. The specimens were petrified in concretionary 
nodules, and show the cell structure, but did not contain ovules. 

Another specimen has now been discovered, in which the ovary wall is much 
better preserved, showing an outer fleshy layer as well as the sclerosed layer, and 
also containing several ovules. 


5. The Morphology of the Ovule of Gnetum africanuni. 

By Mrs. M. G. Thopay. 

In the young ovule the three coverings arise together at the base of the 
nucellus, and the greater portion ot the nucellus stands free in the centre of 
the ovule. During later development the region between the two inner coverings 
becomes more and more stretched, so that the innermost covering arises near the 
apex of the nucellus, and the free portion of the nucellus in the mature seed is 
very small in proportion to the part developed by intercalary growth. 

The outer covering resembles the bracts in structure, and is here regarded as 
an extra covering, while the two inner are called integmnents, and are compared 
with the two integuments in WelwitscJiia. The middle covering or outer integu- 
ment hae a well-developed vascular* supply and is traversed by numerous strands 
of fibres reduced higher up to four or five. At the tip the outer integument 
firmly clasps the mieropylar tube, and a transverse section at this level shows the 
four or five strands forming a star of strongly lignified tissue. 

The inner integument is formed of thin walled tissue, and in the yomig ovule 
strands of meristem run up into it for some distance above the base j when the 

3 E 2 
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xylem of the lower portions of these strands is lignified the lignification seldom 
extends beyond the base of the integument, but sometimes one or more spirally 
thickened tracheids are found running up into it. The tip of the inner integu- 
ment forms the micropylar tube, traversed by a slit-like micropyle ; there is an 
external ridge-like outgrowth from the tube which turns back and fits tightly 
over the top of the middle covering. 

The embryo sac is developed between the levels of origin of the two inner 
coverings and grows as the intervening region stretches. It projects into the free 
portion of the nucellus. A well-developed pollen chamber is present in the young 
o^ ale. As it decays the nucellar tissue below it becomes lignified and forms a 
hard beak. 

The radial structure of the seed, the presence of a pollen chamber, and the 
small development of the free portion of the nucellus are all points of striking 
contrast to WcUvitsMa, and probably point to the more primitive character of 
the Gnetum ovule. The tw^o integuments in both seeds are compared with the 
two integuments of Lagenostoma^ the vascular system of the inner integument 
having suffered considerable reduction. 


r 6. On the Diversity of Structures termed PoUen-Chmnbers, 

By Professor F. W. Oliver, 

The object of this paper was to show that in several of the lessex^-known 
fossil-seeds of Coal Measure times (Oonostoma ohloiigum, C, anglo-germanicum, 
and perhaps Gnetopsis)^ belonging in all probability to the Lyginodendreae 
section of Pteridosperms, the structure of the nucellar apex was much moro 
complex than, in either Lagenostoma or Phy&ostoma. This elaboration arose 
through the excavation of the plinth below the ordinary pollen- chamber, so 
that a second chamber was provided into which the pollen was received and 
in which it doubtless matured the male gametes. The upper chamber, evidently 
homologous with the pollen- chamber of Lagenostoma^ is thus vestigial in char- 
acter. The pollen- chambers of Trigonocarpns and other seeds attributed to 
the Medullosae section of Pteridosperms, and also those of Ginkgo and recent 
Gycads, were considered from this point of view, and the suggestion was made 
that perhaps the nucellar beak might also be a vestigial primary pollen- chamber 
which had become functionally replaced by a deeper-seated cavity, in which the 
pollen grains pursued their further development. 


7. On the Stocla of Isoetes, By Professor William H. Lang, D.Sc. 


A re-examination of the anatomy of the stock of ZsoUes has confirmed tho 
view of Von Mohl that the roots are borne in regular order on a downwardly 
growing region. The root-bearing region of the stele is not due to secondary 
modification of the base of the leaf-bearing portion, but is, from the first, a 
distinct region. 

The apex of the stem is well known to be seated in a deep depression, and 
the so-called secondary growth of the cortex is required to carry out the leaves 
from the central region and thus leave room for new leaves to arise. The 
basal root-bearing region of the plant corresponds to such a depressed apex 
with the root-bearing surfaces facing one another and congenitally united. 
The grooves separating the lobes of the stock come apart by the separation of 
these united surfaces, and this continued process of splitting brings the young 
roots to a free surface. 

While greatly modified by the slow and stunted growth of both the leaf- 
bearing and root-bearing regions of the stock, the whole axis of the Isoetes 
plant can foe compared with that of Lepidodendron or Pleuromeia. The root- 
bearing region appears to be strictly comparable with the Stigmarian base of 
these plants," Such a comparison, though neglected of late years, was made by 
; W iljtamspn in his monograph on Stigmaria, 
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TUESDAY, SEPTEMBEE 6. 

The following Papers were read : — 

1. The Paths of Translocation of Sugars frmn Green Leaves, 

By S. Mangham, B.A, 

The primary object of this research, undertaken at the suggestion of Mr. A. G. 
Tansley, is {he reinvestigation of the paths taken by the sugars during the 
translocation from the leaves of green plants. Haberlandt/ from anatomical 
considerations, and Schimper,® from the results of microchemical investigations, 
concluded that the sugars travel in the parenchymatous bundle sheaths of the 
leaf veins — the ‘ conducting sheaths.* Czapek,® however, put forward the theory 
that while diffusion goes on in all living parenchymatous cells, yet for compara- 
tively rapid translocation over long distances the sieve tubes furnish the sole 
paths for the assimilates as a whole, Haberlandt^ considered Czapek’s evidence 
insufficient to warrant his conclusions, and attached greater importance to 
Schimper’s experiments. 

Both Czapek and Schunper employed Fehling’s solution as a test for reducing 
sugars, a method open to the objections that the reagent is reduced by organic 
substances other than sugars present in the plant, that a good deal of diffusion 
of cell contents goes on in the hot aqueous solution, and that the small granules of 
copper oxide precipitated are not always easy to observe. 

A very much better sugar teet is to be found in the precipitation of yellow 
osazones in the manner introduced by Senft.^ Using this method I have secured 
photomicrographs showing the distribution of osazones after the tissues had been 
subjected to known experimental conditions. Long longitudinal sections of veins, 
cut and examined after darkening leaves for suitable periods, showed the distal 
ends free from osazones, Fuither down these appeared, as soon in the sieve 
tubes as in the surrounding parenchyma, while near the base the sieve tubes stood 
out clearly, on account of the aoundance of the contained osazones. Experi- 
ments with pure sugar solutions have shown that to some extent it is possible to 
distinguish between sugars, and the method is accordingly being used to study 
the changes undergone by carbohydrates in darkness. ^ 

The results so far obtained indicate (1) that the sieve tubes provide the main 
paths for the removal of free sugars from the lamina, and (2) that both monoses 
and bioses travel in the sieve tubes. 

Some results suggest that there is a periodicity in the translocation of free 
sugars, and this point is undergoing further investigation. The work is in course 
of extension to the gymnosperms and lower vascular plants, and it is hoped later 
on to examine the sieve tubes of some of the larger algce by means of the same 
sugar test. 

2. Assimilation and Translocation under Natural Conditions, 

By D, Thoday, M,A, 

Detached leaves of Helianthus annuus in very bright diffuse light were found 
to increase in dry weight at the comparatively low rate of 6 mg. per square 
decim. per hour, whereas in bright sunshine, even under a canvas screen, the 
rate previously observed had been 17 mg. 

Attached leaves showed a smaller rate of increase than detached leaves, 
but the difference was less in diffuse light than in sunshine, and in dull light 
practically nil. The full explanation of these facts is still to be sought, but 
translocation is probably the prime factor concerned : in one experiment a 
detached leaf which was rather limp increased in dry weight as rapidly as 
attached leaves, which gave readings with the horn hygroscope three or four 
times as high. 


^ Pringsh. Jahrb., 1882. 

2 Bot Zeit, 1885. 

8itz, Ahad, Wten, 1897. 

^ Physiologische Pflanzenanaiomie, 1904, p. 350. 
‘’5 Sitz. Akad. Tfien, 1904. 
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3. On a New Method of Observing Stoynata, 
By Francis Darwin, DBc,, F,RB. 


4. Germination Conditions and the Vitality of Seeds, 
By Miss N. Darwin and Dr. F. F. Blackman, F,R,S, 


5. The Ahsor'ption of Water by certain Leguminous Seeds, 

By A. S. Horne, B,Sc., F,G.S, 

This paper dealt with some of the problems connected with the swelling of 
cultivated leguminous seeds under different experimental conditions in the light 
of a hnowiedge of their anatomy. The trough-like organ figured by Nobbe in 
‘Handbuch der Samenkunde’ is a secondary development, at least, in the 
lupine, and, although apparently adapted for the admission of water, did not 
function in this capacity under the circumstances of the experiments described. 
The shape of the trough is a distinctive character in certain peas used by 
Mr. A, D. Darbishire for breeding experiments— e.f/., the bean pea, Express 
pea. &c. 

In each experiment a number of single seeds was used, and weights and 
volumes, or both weights and volumes, determined over short intervals of time 
for continuous periods of twenty-four hours or more, so that the behaviour of each 
seed could be represented by a curve. The curves obtained for submerged seeds 
with closed micropyle in some genera — c.j/., Vieia Faha — differ considerably from 
the curves for unsealed seeds. The use of the micropyle, however, for the 
admission of water w^oiild probably not occur normally in Nature. In every case, 
directly the seed commenced to absorb, water entered continuously through the 
seed-coat. Distinctive curve-forms have been obtained for different varieties of 
Iho lupine — e.g., white, yellow, and blue — and for Mendelian peas— c.*;., round 
and wrinkled peas, the bean pea and Express, 

The results obtained by keeping absorbing seeds at different temperatures 
were complex, the variability depending upon different combinations of variable 
factors, such as the use of the micropyle, the properties of the seed-coat, and 
Ihe behaviour of the embryo. The data resulting from experiments uf this kind 
may be conveniently represented by means of dot diagrams, wherein each dot 
corresponds to a definite increase in weight per hour. 

In order to compare the behaviour of certain seed-coat membranes — c.g., 
aroad bean, scarlet-rumier bean, white Duteh runner bean — and other membranes 
(V'ith respect to osmotically active solutions, numbers of seed-coat osmometers 
«vere made. Seed-coats of the white Dutch runner bean proved highly satis- 
factory, the coliunn of liquid rising in the tube against a small initial pressure 
upon the seed-coat in five days to a higher level than it did in the case of the 
pig’s bladder membrane in seven or eight days under similar conditions. 

These experiments were carried out ivith the assistance of Miss S. Coull, B.Sc., 
and Mr. J. W, Holzapfel, B.Sc. 


WEDNESDAY, SEPTEMBER 1, 

The following Papers and Reports were read : — 

h The Association of certain Endofhytic Cyanophyceee and Nitrogen-fixing 
Bacteria, By Professor W. B. Bottomley, M.A, 

Recent investigation of the root-tubercles of Cycas^ has demonstrated that 
the mtrogen-fixing bacteria Pseudomonas and Azotobacter are always found in 
' Amabsena in the algal zone of the root-tubercles. Exaanmation of 
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the Anabeena spaces of Azolla leaves, and the Nosfcoc cavities in Anthoeeros thallus 
shows a similar association of the alga with nitrogen-fixing bacteria in these 
plants. In thin microtome preparations fixed with Bonin’s fixative, and stained 
with Kiskalt’s amyl grain-stain both Azotobacter and Pseudomonas can be readily 
identified among the algal threads. A mixed culture of the two organisms can be 
obtained by crushing some Azolla leaves or Anthoeeros thallus on a slide in dis- 
tilled water under sterile conditions, inoculating a solution consisting of water, 
100 c,c. ; mannite, 1 grm . ; maltcose, 1 grm. ; potassium phosphate, 0*5 grm. ; and 
magnesium sulphate, 0*02 grm. ; and incubating at 24° C. for two days. Micro- 
scopical examination with Kiskalt’s amyl grain-stain and Ziel’s carbol fuchsin 
shows the culture to be a mixture of Pseudomonas and Azotobacter. 

Agar plates made by adding 1 grm. of agar-agar to the above nutrient solution, 
and inoculated with a few drops of crushed Azolla leaves or Anthoeeros thallus, 
gave in two days the typical round colonies of Azotobacter and ovoid colonies of 
Pseudomonas. It is possible that this association is advantageous to the host 
plant — the alga supplying the necessary carbohydrate for the nitrogen-fixing bac- 
teria, and the host plant absorbing some of the nitrogenous product. 


2. Notes o'.v (he Distrihution of Halo'pJiytes on the Severn Shore, 

By J. H. Priestley, B,Sc., F,L.S. 

These notes are the result of a detailed study of a small area on the left 
bank of the K^evern between Lyttelton Worth in Gloucestershire and Burnham 
in yomersst. They refer more especially to the pelophilous formations in 
this area. Analyses have been made of the salt content and water content of the 
soils from representative spots within the area, and as a result it has been possible 
to draw certain conclusions as to the connection between drainage and plant zona- 
lion. The plant distribution within the zones showed certain anomalies, but these 
can probably be explained by reference to the soil analyses. 

The general adaptation of the plants of the pelophilous zone to their habitat 
is dismissed, and it is suggested that this formation is disappearing somewhat 
rapidly from most parts of this coast. 


3. Plant Distribution in the of North-East Kent, 

By Malcolm Wilson, B,Sc. 

In this district a large proportion of the woods is coppice with standards, 
felling taking place about every fourteen yeai's. There is little variation in the 
altitude, and the plant distribution depends chiefly on the character of the soil. 

The following can be distinguished : — 

1. Beech type on the shallow soils of the chalk. The standards are chiefly 
beech, the undershrubs consisting of yew, oak, hazel, Cornus smignineus, Euony- 
mm curopceus, and Ligiistrum tulgare. Viola hirta, Verhascum Thapms, 
Euphorbia amygdaloides, and Mercurialis permnis are abundant. 

2. Ash-hazei type on the ‘clay with flints* on the chalk. Hornbeam is fre- 
quently found; oak standards are usually present. MercuriaUs perennis is 
abundant, with Primula vulgaris and Scilla nutans. 

3. Chestnut type on the Thanet sand ; usually coppice with chestnut or cak 
standards. Buhus fruticosus is often present. On the deeper deposits Scilh 
nutans is abundant, with Lychnis diurna and Adorn MoscJiatelliim, Asperuia 
odorata and Solidago Virgaurea are characteristic .of this formation. 

4. Oak-birch-heather type on the Woolwich and Beading series and on the 
Oldhaven pebble beds. Pinus sylvestris is frequently found here. The woods are 
usually thin and ojDen ; heather and bracken are abundant, wdth Luzula pitosa and 
Buniex Acctosdla, The soil is usually strongly acid. 

5. Oak tj’pe on the London clay ; usually coppice with oak standards. Bracken 
is abundant, and many plants found in woods of the preceding type occur. There 
is usually a sharp distinction between the woods occuiTing on the calcareo^ soils 
and those on the tertiary formations* In the former the soil acidity is slight or 
none, ^nd Ncmirlalis fcrennh is abundant; in the latter the soil is acid, £%nd 
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MtTCUTialis p6?'6iiTiis is absont. Woods of intermediato character aro found on 
alluvial deposits and on the edges of tertiary deposits. 

On the * clay with flints ’ the distribution is closely connected with the depth 
of the deposit, and as a result definite zonation frequently occurs. Analyses to 
determine (i) the percentage of lime, (ii) the acidity, and (iii) the water content 
La sofls of varying depths are being performed. 

Observations have also been made on the distribution of the commoner mosses. 

During the latter years of the coppice growth a deep shade is produced and 
few herbaceous plants occur. Those found can be grouped as : plants little 

or not affected by the shade, which usually flower early in the spring ,• (2) dwarf 
plants which persist in the vegetative state and rarely flower. 

During this period there is an increase in the amount of humus, probably 
a simultaneous increase in acidity. Analyses are now being made to determine 
these points. 

Felling causes a great increase in the light intensity, and the temperature of 
the surface soil is increased. These changes result in a great increase in the 
number of herbaceous plants. These may be divided into : (1) plants which 
have persisted during the shade period, and many of which now develop 
luxuriantly; (2) woodland plants unable to exist in the shade period. These 
are largely biennial, but a few annuals and perennials are found. 

The maximum development of herbaceous plants is reached during the third 
year. After this they gradually diminish, on account of the increase of shade. 
The shade condition of the vegetation is reached by about the tenth year. 


4. Beport on the Survey of Glare Island , — See Reports, p. 301. 


5. Report on the Experimental Sttedy of Heredity . — See Eeports, p. 300. 


6. Report on the Structure of Fossil Plants.— See Eeports, p. 301. 
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Section L.->^EDUCATI0NAL SCIENCE. 
President of the Section.— Principal H. A. Miers, M.A., F.R.S. 


THVUSDAY, SEPTEMBEB 1. 

The President delivered the following Address : — 

To preside over this Section is to incur a responsibility which I confess somewhat 
alarms me; for the President may, by virtue of his temporary office, be regarded 
as speaking with authority on the subjects with which he deals. Now, it is my 
desire to speak about University education, and for this purpose I must say 
something of school education ; but I would have it understood that I really know 
little about the actual conduct of modern school teaching. One may read books 
which describe how it should be conducted, but this is a very different thing from 
seeing and hearing the teacher in his class ; and I fear that personal recollections 
of what teaching in preparatory and public schools was like from thirty to forty 
years ago do not qualify one to pose as an intelligent critic of the methods which 
now prevail. 

Human nature, however, has not changed much in the last forty years, and if, 
in considering the relations between University and school education, I can confine 
myself to general principles, based upon the difference between boys and men, I 
trust that I may not go far wrong. 

I propose first to consider some general relations between teachers and their 
pupils, and then explain what, in my opinion, should be the change in the 
method of teaching, or at any rate in the attitude of teacher to pupil, which should 
take place when the scene changes from school to University. 

Pirst as to general relatione between teachers and their pupils. 

Educational systems necessarily prescribe the same methods for different 
teachers, and, being made for the mass, ignore the individual. But happily, in 
spite of the attempts to formulate methods of instruction and to make precise 
systems, there are many, and those perhaps some of the most successful, in the 
army of earnest school teachers who are elaborating their own methods. 

. Now among all the changes and varieties of system and curriculum there is 
one factor which remains permanent and which is universally confessed to be cf 
paramount importance — ^the individuality of the teacher and his personal influence 
upon the pupil. It is therefore a healthy sign when school teachers who have 
been trained on one system begin to develop their own methods, for in this they 
are asserting their individuality and strengthening that personal influence which 
is the real mainspring of all successful education. 

Personal influence is, of course, not only a matter of intellectual attainments ; 
it appears to me, however, that at the present time so much is made of the duty 
of schools to aim at the formation of character that there is an unfortunate 
tendency to regard this duty as something distinct from the other functions of 
a master, and as independent of intellectual qualifications. Among the first- 
qualities now demanded of a master in a public school for boys ai'e manliness, 
athletic skill, and a hearty and healthy personality, and these are often regarded 
as compensating for some lack of intellectual equipment. I suspect that there is 
a similar tendency in schools for girls. And yet I think it will be found that 
the only permanent personal influence is really wielded by teachers who exercise 
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it through intellectual channels, and that those who acquire intellectual authority 
will generally succeed in training the characters as well as the minds of their pupils. 

On the other hand, the master who is not up to the proper intellectual standard 
will soon be found out by' his cleverer pupils, and will lose influence, whatever 
may be the charm of his character. 

The formation of character, eo far as it can be distinguished from intellectual 
training, is largely worked out by the boys themselves in any public school in 
which healthy tradition and a sound moral atmosphere are maintained, although it 
is true that these traditions depend upon the character and jDC^sonality of the 
teachers. 

The educational value of the personal and intimate association with one and 
the same teacher throughout the school or University career is officially recognised 
in the tutorial system at Eton, Oxford, and Cambridge. It has generally led to 
excellent results, provided that the tutor possesses the right quaUties and that 
pupil and tutor do not happen to be two incompatible personalities; but the 
results may be well-nigh disastrous where there happens io be antagonism 
bet^veen- the two, or where the tutor docs not realise his opportunities and 
responsibilities. I hjive known some tutors who only excited a distaste for leaim- 
ing in their pupils, and others who entirely neglected or abused the high trust 
which had been committed to them ; but far nmre, I am glad to say, who have 
not only exercised the most profound influence for good on their better and 
cleverer pupils, but also inspired intellectual interest in the most unpromising of 
them. Although such a tutorial system does not enter fully into the scheme ot 
other schools and Universities, and therefore a student does not usually remain 
long under any one teacher, it must be within the experience of most persons to 
have come for a time at least under the influence of a teacher who has inspired 
real enthusiasm for learning and from whose lips the instruction, that might from 
others have been a trial, has become an intellectual treat. 

It is given to comparatively few to exert this powerful and subtle influence 
in a high degree, for it is a gift confined to a few rare natures. All the more 
important is it, therefore, to ensure that an effective personal influence may 
play iir- part in the intercourse between ordinary teachers and ordinary pupils in 
the customary routine of school and University life. 

How, then, is the proper personal and sympathetic relation io bo established 
between teacher and pupil, so that the individuality of the one may call out the 
character and the effort of the other ? Those who enquire of their earliest school 
reminiscences will probably recollect that the teachers who obtained a real hold 
upon them did so by virtue of the power which they possessed of arousing their 
intellectual interest. I would ask you for a moment to analyse the character of 
this interest. 

In the young child I believe that it will be found to be mainly that of novelty : 
with him * this way and that dividing the swift mind,^ sustained thought, or 
even sustained attention, has not yet become possible ; the inquisitive and acquisi- 
tive faculties are strong; and every new impression awakens the interest by its 
novelty quite apart from its purpose. You have only to watch and see how 
impossible it is for a young child to keep its attention fixed even upon a game 
such as cricket or football to realise how still more difficult it is to keep his 
attention fixed upon an intellectual purpose. 

To quite young children, except to those who are unfortunately precocious, 
even an impending examination is not a permanent object of anxiety. 

^ Now contrast the aimless interest which can be aroused in any young child's 
mind by the pleasure of a new impression, a new activity, or a new idea, with that 
which appeals, or should appeal, to the more mature intellect of an older stndent. 
With him it is not enough that the impression or the idea should be new; if it is 
to arouse interest it must also direct his mind to a purpose. This is to him the 
effective interest of his games or sport; in the game the desire to succeed or to 
^win is the animating purpose, just as the expectation of catching a fish is the 
interest which keeps the angler’s attention fixed for hours upon his line. In both 
the desire , is fostered by the imagination, which maintains a definite purpose before 

' forgotten that as he grows the pupil is no longer * an infant 
b^ix^e a. inan with ' splendid purpose in hie eyes.* ' 
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While, therefore, it should be the aim of a teacher of young children to set 
before them the subjects of their lessons in an attractive manner, so that the 
novelty is never lost, and not to weary their active and restless minds with too 
eustained an effort, it should at a later stage be the teacher’s aim to keep the 
object and purpose of the new fact- or idea ae constantly as possible in view, and 
not to distract the ardent mind with purposeless and disconnected scraps of 
learning. 

I ask you to^bear this distinction in mind, for it is a principle which may 
guide us in differentiating University methods from school methods of education. 

The distinction need not involve us in a discussion of the ‘ Ziel-Angabe ’ in 
elementary education, for that is rather a question of keeping the interest alive 
during each lesson than of maintaining a permanent purpose in view throughout a 
course. 

The much discussed Heuristic method as applied to very young children does, 
no doubt, fulfil this object so far as it provides the inquisitive mind with novelty 
instead of a set task, btft so far as it makes the purpose more prominent than 
the process it may become a method more suited to the adolescent or the adult 
mind than to that of the young child. 

I can fully realise that a most difficult and anxious time for the teacher must 
be that of the maturing intellect, in the interval between childhood and the close 
of the school career, when the method and spirit of the teaching must to some 
extent gradually change with the changing mental characteristics of the pupil. 
But, whatever may be the right methods of teaching children of ten and young 
men and women of twenty, many of our failures are due to one or both of two 
prevalent mistakes : the first, the mistake of teaching children by methods that 
arc too advanced; the second, that of teaching University students by methods 
that are better adapted for school children. It is with the latter that I wish to 
deal in this address; but we may in passing remind ourselves that when young 
men and young women are sent straight from the University to teach children 
with nothing but their University experience to guide them, *it is not surprising 
that the^f often proceed at first on wrong lines and as though they wore dealing 
with University students. 

The difficulty of divesting oneself of the mental attitude and the form of 
expression familiar in University circles, if one is to become intelligible even to 
the higher classes in a school, is betrayed by the unsatisfactory nature of many 
of the papers set by University examiners to school children. The teachers com- 
plain, and rightly complain, that there is often an academic style and form about 
them which just make them entirely unsuitable for the child. 

It is, of course, hopeful that a diploma in pedagogy or some evidence that 
they have received instruction in method is now generally required of those 
who are to become teachers in schools. It seems to me, however, somewhat 
curious that, while efforts are now being made to give instruction in educational 
method to such persons, no similar effort is made to give instruction in more 
advanced methods to those who are called upon at the close of their under- 
graduate career to become University teachers, and that in consequence many of 
them have no rhethod at all. 

This may be a matter of comparatively small importance to those who possess 
not only the necessary knowledge, but also the natural gift of personal influence 
and the power of inspiring those whom they teach. But for those who are not 
blessed with these powers it may be almost as difficult to fall into the ways of 
successful University instruction after the sudden transformation from student 
into teacher as it is for those who become teachers in schools. 

Granting, then, that there should be a radical difference between the ways of 
school and University teaching, and that there is at present an unfortunate 
overlapping between the two, let me next consider how the distinction between 
the intellectual interest of a child and the intellectual interest of a man may 
guide us in adjusting our methods of teaching when students pass from school to 
the University. 

A tenable, perhaps even a prevalent, view concerning a liberal school education 
is that its chief purpose is not so much to impart knowledge as to train the mind ; 
indeed, some teachers, influenced, perhaps, in the first instance by the views of 
iglato, go sp fay as to think that no subject which is clearly of direct practical 
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use should be taught as such at school. This view they would carry to the^ extent 
of excluding many obviously appropriate subjects from the school curriculum, 
whereas almost any subject may be made an intellectual training; this being a 
question not of subject, but of the manner in which it is taught. In any event, 
if the scheme of intellectual training be adequately fulfilled, the period of mental 
discipline should come to an end with the close of school life, and the mind 
should then be able to enter upon new studies and to assimilate fresh knowledge 
without a prolonged continuation of preparatory courses. Indeed, the professed 
object of entrance examinations to the University is to exclude those whose minds 
are not prepared to benefit by a course of University study, and to admit only 
those who are sufficiently equipped by previous training to do so. An entrance 
examination then should not be merely a test of whether a boy or girl has learnt 
sufficient of certain subjects to continue those subjects in particular at the 
University ; and yet it has unfortunately come to be regarded more and more as 
performing this function instead of being regarded as a test whether the student 
is generally fit to enter upon ciTty University course. The result is that an 
entrance examination tends to become a test of knowledge rather than a test 
of general intelligence; merely one in an organised series of examinations which 
endeavour to ascertain the advancing proficiency in a limited number of subjects, 
and therefore tend really to encourage specialisation. Specialisation is not to be 
prevented by insisting on a considerable number of subjects, but rather by teach- 
ing even one subject in a wide spirit. Another result is that the entrance examina- 
tion belongs properly neither to the school course nor to the University course ; if it 
is taken at the age of sixteen the remainder of the school career tends to be devoted 
to University work, which should not really be done at school ; if it is taken after 
leaving school this means that work is being done at, or in^ connection with, 
the University which ought to be done at school. It is certainly true that^ for 
various reasons a vast deal of education is now being carried on at the Universities 
which should belong to school life, and moreover is being carried on by methods 
which are identical with those pursued at school. It is equally true that, owing 
to the early age at wffich matriculation examinations or their equivalents may be 
taken, many schools are now asking that at the age of eighteen or nineteen a 
school examination may be held which shall be an equivalent not for matriculation, 
but for the first degree examination at the University. This would really imply 
that schools should be recognised as doing University work for two years of their 
pupils’ careers — surely a most illogical procedure and one which supports my 
contention that there is now very serious overlapping, for it assumes that the work 
for the first degree examination can be carried on either at the school or the 
University, and therefore that there is no difference in the methods of the two. 

An increasing number of candidates actually present themselves from secondary 
schools for the external intermediate examination of the University of London; 
in ISO-i there were about 150, in 1909 there were nearly 500 such candidates. 

There will always be exceptional boys and girls who reach a University 
standard, both of attainments and intelligence, long before they arrive at the 
ordinary school-leaving age. Let them either leave school and begin their 
University career early, or let them, if they remain at school, widen their knoW' 
iedge by including subjects which are not supplied by the more rigid school 
curriculum designed for the average pupils; but let them not cease to be taught 
as school pupils. It is equally certain that there will also be boys and girls whose 
development is so slow that they barely reach the University standard when they 
leave school ; yet some among them are the best possible material and achieve the 
greatest success in the end. For such persons an entrance examination will be 
required at the age of eighteen or nineteen; but I think it is unfortunate that 
this should be the same as that wMeh quicker pupils can pass at the age of 
sixteen or seventeen, for an examination designed for the one age can scarcely be 
quite satisfactory for the other. 

I confess that the whole matter is inextricably involved with the question of 
University entrance examinations. But to enter upon this here would carry us 
beyond the limits that I have laid down for myself, and it will be more profitable 
to d^ide what should be done at school and the University respectively before 
, the examinations are to be adapted to our purpose. It will be 

say that I have been led to the conclusion that matriculation 
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G-taminations should be designed to suit the capacity of average pupils not less 
than seventeen years of age, if they are to test the intelligence of those who are 
ready to enter upon a University course. 

Starting, then, with the principle that the period of mental discipline is closed 
at the end of the school career, and that those who pass to the University come 
with fair mental training and sufficient intelligence, let me inquire what should 
be the relation of University teaching to that which the student has received at 
school. 

Under presei^ conditions the schools which aim at sending students to the 
Universities endeavour to give a general education which will fit their pupils to 
enter either upon a University course or upon whatever profession or occupation 
they may select on leaving school. They do not confine the teaching of any pupil 
to preparation for a special profession or occupation, and they do not generally 
encourage special preparation for the University. 

Now contrast what happens to the pupils leaving such a school to enter a 
profession or business with what happens to those who proceed to the University. 
The former pass into an entirely different atmosphere; they are no longer 
occupied with exercises and preparatory courses which serve a disciplinary pur- 
pose; they are brought face to face with the realities of their business or pro- 
fession, and, though they have to gain their experience by beginning at the 
lower or more elementary stages, they do actually and at once take part in it. 

The University student, on the other hand, too often continues what he did 
at school; he may attend lectures instead of the school class, but neither the 
method nor the material need differ much from what he has already done. 
Should not the break with school be as complete for him as for his school-fellow 
who goes into business ? Should he not be brought face to face with the actualities 
of learning? After his years of preparation and mental drill at school should 
he not, under the direction of his University teachers, appreciate the purpose of 
his work and share the responsibility of it? 

Let me take, as an illustration, the subject of History. A public school Boy 
who comes to the University and takes up the study of history should learn at once 
how to use the original soui'ces. It will, of course, be easier for him if he has 
learnt the rudiments of history and become interested in the subject at school; 
but, if he is really keen upon his University work, it should not be absolutely 
necessary for him to have learnt any history whatever. In any case, if he 
has received a good general education and has reached the standard of intelli- 
gence required for University work, he ought to be able to enter at once upon 
the intelligent study of history at first-hand ; his teachers will make it their duty 
to show him how to do this; their lectures and seminars will illustrate the 
methods of independent study, and will make the need of them clear to him. If, 
as is probable, some acquaintance with one or more foreign languages be neces- 
sary, he will take instruction in them as an essential part of his history course, in 
order that he may acquire the needful working knowledge; and to learn some- 
thing of them with a definite purpose will be to him far more interesting and 
profitable than to study them only for linguistic training, as he would have been 
compelled to do at school. After all this is what would be done by his school- 
fellow who goes into business and finds it necessary, and probably also interest- 
ing, to acquire some knowledge of the particular foreign language required in 
the correspondence of' his firm. It will, of course, be all the better for a Univer- 
sity student of history to have acquired some training at school in the rudiments 
of history both ancient and modern, together with the knowledge of classics 
which is necessary for the former, and of modern languages which is necessary 
for the latter. But there is not space in the school curriculum for all the subjects 
that may be required either for the University or for the business of life; the 
best that can be done is to give a good all-round training and to foster a marked 
taste or ability where it exists by allowing the boy or girl to include the subjects 
which are most congenial to them in the studies of their last two years of school 
life as I have already suggested, provided that mere specialisation is not 
encouraged at school even towards the end of the school career. 

The University course might then become a more complete specialisation, but 
of a broad character— the study of a special subject in its wider aspects, and 
with the help of all the other knowledge which maybe necessary to that purpose. 
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The University teacher will also differ from the school teacher in his methods, 
for it will bo his business not so much to teach history as to leach his pupil so 
to learn and study history as though it were his purpose to become an historian ; 
in so doing he will have opportunities to explain his own views and to contrast 
them with those of other authorities, and so to express his individuality as a 
University teacher should. 

One might choose any other subject as an illustration. In science there should 
be all the difference between the school exercises, on the one hand, which teach 
the pupil the methods of experiment, illustrate the principles faid down in his 
text-books, and exercise Ixis mind in scientific reasoning, and,^ on the other hand, 
the University training, which sets him on a course involving the methods of 
the cla^ical researches of great investigators and a study of the original papers 
in which they are contained, illuminated by the views of his own teacher. He 
also should awaken to the necessity of modern languages. A boy who, on leaving 
school, passes not to the scientific laboratories of a University, but to a scientific 
assistantship in a business or Government department, will very soon find it 
necessary to go to the original sources and acquire a working knowledge of 
foreign languages. It is regrettable that under existing conditions a scientific 
student sometimes passes through his University without acquiring even this 
necessary equipment. I believe this to be lai'gely due to the fact that he is com- 
pelled to spend so much of his time in preparatory work of a school character 
^during the early stages of his University career. 

In the literary subjects, and especially in classics, there is, of course, not the 
same scope for the spirit of investigation which it is so easy to encourage in 
experimental science. Here the only new advances and discoveries which can 
appeal to the imagination in quite the same way are those which are being made 
every year in the field of archseology, and it is therefore not surprising that this 
subject attracts many of the most ardent students : the methods of the archje- 
ologist are more akin io those of the scientific investigator, and his work is 
accompanied by the same enthralling excitement of possible discovery. For the 
more able pupils and those who had a natural taste for language and literature 
no subjects have been more thoroughly and systematically taught for very many 
years' at school, as well as at the University, than the classics; but for the less 
intellectual children or those who had no natural taste for such studies no methods 
could well be more unsuitable than those which used to prevail at schools. The 
grammatical rules and exceptions, the unintelligent and uncouth translation, the 
dry comparison of parallel passages, the mechanical construction of Greek and 
Latin verse, produced in many minds nothing but distaste for the finest literature 
that exists. 

With the improved methods now in iise Greek and Latin may be, and are, 
presented to the ordinary boy and girl as living literature and history, and 
school training in them may be made as interesting as anything else in the 
curriculum. Upon such a foundation the University should surely be able to 
build a course devoted to literary, philosophical, historical, or philological learn- 
ing even for the average student, provided that the University teacher undertakes 
the task of helping his pupils to learn for themselves, and to pursue their studies 
with a purpose, not merely as a preparation. 

The spirit of inquiry which drives the literary student to find for himself the 
meaning of an author by study and by comparison of the views of others is 
really the same spirit of inquiry which drives the scientific student to interpret 
an experiment, or the mathematical student to solve a problem. Only by kindling 
the spirit of inquiry can teaching of a real University character be carried on. 
Give it what name you will, and exercise it in whatever manner you desire, 
there is no subject of study to which it cannot be applied, and there are no 
intelligent minds in whichTt cannot be excited. 

The first question which a University teacher should ask himself is, *Am T 
rousing a spirit of inquiry in my pupils?' And if this cannot be answered in 
^0 afcmative it is a confession^that the University ideal is not being realised. 

Borne as^rt that this principle should also guide school education, and that 
the school teacher to stimulate the spirit of inquiry, 
ywnag children this should be less necessary; they all 
mcmlsltive^ It should rather 'be 'the object of 
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the teacher Hot to spoil the spirit of inquiry by allowing it to run riot, nor to 
stifle it by making the work uninteresting; if the lesson interests them, their 
inquisitive minds will be quick enough to assiniilate the leaching. We are, in fact, 
brought back to what I have already emphasised — that the real difference between 
the inquisitive mind of the child and the inquiring mind of the adult is that the 
former is yearning for information quite regardless of what it may lead to, 
whereas the latter must leaim or investigate with an object if the interest is to 
be excited and maintained. 

I have oftenifchought it an interesting parallel that among original investigators 
and researchers there are two quite distinct types of mind, which have achieved 
equally valuable results. There is the researcher who pursues an investigation with 
a constant purpose and to whom the purpose is the inspiration. But there is also 
the investigator who has preserved his youthful enthusiasm for novelty and has 
in some respects the mind of a child; passionately inquisitive, he will always 
seek to do something new, and very often, like a child, he will tire of a line of 
research in which he has made a discovery, and take up with equal enthusiasm 
a totally different problem in the hope of achieving new conquests. I think that 
a man well known in Sheffield, the late Henry Clifton Sorby, must have been 
a man of this character. The latter is, perhaps, the most fertile type of original 
investigator, but it is not the type that produces the best teacher, except for very 
exceptional and original-minded students; and such teachers do not often found 
a school of learning and research endowed with much stability. For ordinary 
students the investigator who pursues his researches as far as possible to their 
conclusion is the safer guide. 

It seems to me suggestive that there arc to be found, even amongst the 
famous researchers, these two types of mind, that somewhat correspond to the 
mental attitude of the school pupil and the University student. It is as though 
these great men have preserved a juvenile spirit, some from the days of their 
childhood, others from early manhood. 

It will now be clear that the principle which I am advocating is a very simple 
one, namely, that the business of direct mental training should be finished at 
school, and that at the University the trained mind should be given material upon 
which to do responsible work in the spirit of inquiry. Preparatory exercises- 
belong to school life and should be abandoned at the University. 

All this seems so obvious that it might appear to be hardly worth saying 
were it not that the methods which actually prevail are so far removed from this 
ideal. 

When, for example, a boy who has not learnt Greek or chemistry at school 
comes to the University and proposes to take up one of these subjects ha is 
generally put through a course of exercises which differ in no essential respect from 
those which are set before a boy of twelve. In other words, our University 
method for the trained mind does not really differ from our school method, 'which 
is supposed to be adapted to the mind in course of training. Again, boys who 
have been learning certain subjects for years at school, but are weak in them, 
have their education continued at the University in the same subjects by the 
eame sehool methods until they can be brought up to the requirements of a first 
University examination, which in its character does not differ much from the 
examinations held at school. Where in this process is to be found the intro- 
duction of that spirit of inquiry and investigation which ought to characterise 
the University course? 

It may be asked, In what manner is this change to be introduced, and how is it 
possible under present conditions, where so many students are all pursuing ordinary 
degree courses and have no time or opportunity for special work, to provide 
teachers who can educate them in this spirit, if it is also their duty to get pass 
students through their examinations ? The answer, I think, is that in a University 
the professors and higher teachers should be, without exception, men who, what- 
ever may be their teaching duties, are also actively engaged in investigation. 
Their assistants should be teachers who, even if the whole or part of their time 
is occupied in routine teaching, have yet had some experience in, and possess 
real sympathy with, modern advanced -work under such professors. This is 
only to be secured by insisting that teachers in a University should all have had 
some experience of original work, and, just as one of the necessary qualifications 
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for an elementary teacher is some education in method, so a necessary qualification 
for a University teacher should be some education in research. Anyone desirous 
of qualifying for University teaching should be compelled to devote a certain 
portion of his student career to research, and the funds of a University 
cannot be better applied than to the retention of the better students at the 
University for the distinct purpose of enabling them to pursue investigation 
under the professor for a period of one year after they have completed their 
degree course, if they have not been able to do so during their undergraduate 
period. It is not, however, too much to hope that the majority ft>f those who are 
endeavouring to qualify for the higher educational posts will be assisted to obtain 
this special experience during their degree course. Under the present system at 
most Universities, unless the student has been fortunate enough to come in contact 
with a teacher imbued with the spirit of research who is carrying on his own 
investigations, it rarely happens that he has the time or the means which would 
enable him to obtain any insight into the meaning of investigation before he 
leaves to take up teaching work. The need of post-graduate scholarships^ for this 
purpose is very widely felt, and is now frequently expressed. To insist upon 
such qualifications for all University students is, of course, under present con- 
ditions, impossible ; but there should he no insuperable difficulty in insisting upon 
them for those who are to be allowed to enter a University as teachers. 

Researchers are born, not made, and it is not by any means desirable that all 
University students should be cast adrift to make new researches and seek dis- 
coveries even under the direction of experienced teachers and investigators. This 
must depend to some extent upon the character of the pupil as well as of the 
teacher. 

The mere publication of papers may mean nothing, and much that is dignified 
with the name of research is of no account. To turn a lad on to research, unless 
it be in the right spirit, may be only to set him a new exercise instead of an old 
onej to leave him to prosecute an investigation for himself may be to condemn 
him to disappointment and failure. On the other hand, to carry on any piece 
of work, whether it be new or old, in the zealous spirit of inquiry, with faith 
in a purpose, is to insure the intellectual interest of the student; and I cannot 
see why this spirit should not animate all University education, whether it be 
accompanied by original research or not. The essential condition is that the chief 
University teachers should themselves create an atmosphere of investigation. 

So deep-seated is the belief that nothing must be undertaken without a pre- 
paratory course of training that even the best and most brilliant students are 
frequently discouraged from undertaking a new study until they have been 
subjected to the mental discipline of an elementary course in it. 

I cannot refrain from quoting an example which came within my own 
experience, although I have already alluded to it in another address delivered 
last year. 

When I was at Oxford a young Frenchman of exceptional ability, whoso 
training had been almost exclusively literary and philosophical, and who was at 
the time engaged on a theological inquiry, expressed to me his regret that he had 
never learnt to understand by practical experience the meaning of scientific work. 
And when I assured Ixim that nothing was easier than to acquire practical 
experience by taking up a piece of actual investigation under the direction of a 
scientific worker, he explained to me that when he had applied ^r admission to 
sVientific laboratories he had been told that it was useless to do so until by 
preparatory courses he had acquired an adequate knowledge of mathematics, 
physics, and chemistry. I offered to make the trial with him, and began 
with a problem that happened to interest me and that required a new method of 
simple experimental research. I soon found that a well-trained mind, able to 
grasp the meaning of the problem and eager to investigate it, could begin without 
delay upon the experiments, and in the desire to interpret them could find a 
pleasure and a purpose in seeling the necessary chemical and physical knowledge ; 
whereas to have begun by acquiring this in a preparatory course, with no definite 
object in view, would have been to set back a mature mind to school methods of 
train^g and yery possibly to have stifled instead of kindling any real scientific 

contention that the most special study, if 
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carried on in the trne University spirit, is very far removed from ordinary 
specialisation, and involves very wide extension of interest and learning ; whereasy 
if carried on in a preparatory spirit, it is necessarily limited. ^ , 

In a very short time this student had published three original papers which 
seem to me of considerable importance, though perhaps on a somewhat obscure 
subject, and I see that they are now quoted as marking a substantial advance in ^ 
knowledge. 

Of course this is the exceptional case of the exceptionally able student; but I 
think it illustrates two things — firstly, the prevalence of the conventional attitude 
that preparatioif on school lines is necessary even for the post-graduate student; 
secondly, the fact that what is really necessary to the University student is 
the purpose, and that with this before his eyes he may safely be introduced to new 
fields of work. 

One result of the conventional attitude is that those who have distinguished 
themselves at school in some subject are often assumed to have a special aptitude 
in it, and to be destined by Nature to pursue the same subject at the University, 
whereas their school success may only prove that they are abler than their fellows, 
and that this ability will show itself in whatever subject they may take up. 
Such students would sometimes on coming to the University be all the better for 
a complete change of subject, without which the continuance of the school studies 
too often means a perpetuation of the school methods. 

Another result is that when teachers are always playing a somewhat mechanical 
part in a systematised course, receiving duly prepared pupils and preparing them 
again for the next stage, such an atmospWe of preparation is produced that 
many persons continue to spend the greater part of their lives in preparation 
without any reasonable prospect of performance. 

I am well aware that, on the other hand, there always have been and are 
now many earnest and accomplished University teachers who are pursuing the 
methods that I advocate, whose teaching is^ always inspired with a purpose, 
whose pupils are stimulated to learn in the spirit of inquiry, and who consequently 
exercise a personal influence that is profound and enduring. I am deeply con- 
scious how much I owe to some such teachers with whom I have^ studied and to 
others whom I have known. But still it does remain true that this is not yet the 
atmosphere of ordinary University education, that it does not yet invigorate the 
ordinary University student, and that to him the passage from school^ to the 
University does not necessarily mean a transition from mental discipline and 
preparation to mental activity and performance. 

The distinction that I have in my mind between University and school teaching 
may be expressed in this way. At school no subject should be taught to a class as 
though it were intended to be their life work ; to take an example, it too often 
happens at present, owing really to excessive zeal on the part of school teachers, 
that mathematics is taught as though each member of the class were destined to 
become a mathematician ; consequently only the few scholars with a real aptitude 
for mathematics become interested, and the remainder are left behind. ^ On the 
other hand, at the University each subject should be studied as though it really 
were the life work both of teacher and student. Thus, to take the same subject 
as an illustration, the mathematical student will attend the full courses of 
his professors and will follow them with the interest of a mathematician; 
whereas for the scientific student it will only be in those branches of 
mathematics which concern him that the interest of his special science will put 
him on terms of equality with the mathematical student.^ If I may choose an 
illustration which is familiar to myself, any student of mineralogy can easily be 
interested in and benefit by a course in spherical trigonometry, because it is one 
of the tools of his trade, but to send him to lectures on difierential equations 
w'ould be only to discourage him. On the other hand, the student of chemistry 
would rather be interested in the latter. To each of them certain branches of 
mathematics as taught by an ardent teacher afford a real intellectual training, but 
neither would gain much if compelled to follow a general University course of 
mathematics designed for mathematicians. 

It will be observed that I have endeavoured to confine myself to the subject 
of University education and not to say much, except by way of contrast, con- 
cerning school teaching. 

1910. 3 F 
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I must, however, return to it for a moment, if only to emphasise the danger of 
that specialisation, which, since it takes place at school and not at the University , 
is bound to be narrow, and which is often encouraged in pupils of special aptitude 
preparing for University scholarships- . 

That a boy or girl should for a year or even two years betore leaving school 
be practically confined to one subject, and should before entering the University 
be examined in that alone, appears to me to be contrary to all the best traditions 
of school teaching, and to the often expressed desire of the Universities to^ insure 
a good general education in those whom they admit. There sho|ild, I think, be 
no scholarship examination which does not include several of the subjects of a 
normal school curriculum, however much additional weight may be given to 
any of them. Although it may be necessary that Univpsity entrance scholar- 
ships in one subject shourd be given either to encourage its study or to discover 
those who have a special aptitude, yet, so far as scholarships are intended to be 
rewards for intellectual pre-eminence, they should, I think, be directed to general 
capacity, and not be used as an encouragement to limited study. From what I 
have already said it will be clear that I do not attach much importance to special 
preparation at school for those who intend to proceed to the University. If a boy 
has a very special taste or aptitude, it should have abundant opportunity for dis- 
playing and exercising itself at the University, provided only that it has not been 
stifled, but has been given some encouragement in the school curriculum. I under- 
stand, for example, that those who teach such a subject as physiology at the 
> University would prefer that their pupils should come to them from school with a 
general knowledge of chemistry and physics rather than that they should have 
received training in physiology. With the present modern^ differentiation into a 
classical and modern side, or their equivalents, the ordinary school subjects 
should be sufficient preparation for any University course if they are not mutually 
strangled in the pressure of an overcrowded curriculum. 

To be fair, however, I must state another view. A very experienced college 
tutor who has had previous valuable experience as a master in a public school 
tells me that in his opinion the real problem of the public schools is the * arrest of 
intellectual development that overtakes so many boys at about the age of sixteen.’ 
‘There are few public schools,’ he says, ‘whose fifth forms are not full of boys 
of seventeen or eighteen, many of them perfectly orderly, well-mannered, and 
reasonable, in some sense the salt of the place, exercising great influence in the 
school and exercising it well, with a high standard of public spirit, kindly, and 
straight-living, in whom, nevertheless, it is difficult to recognise the bright, 
intelligent, if not very industrious, child of two or three years before.’ 

‘ He thinks that there is a real danger of degeneration at tliis age, owing, for 
one thing, to the manner in which the boys are educated m hloc ^ up to a certain 
age boys can be herded together and taught on the same lines without great 
harm being done, but after a certain time differentiation begins to set in. The 
school curriculum, however, does not admit of being adjusted to suit the dawning 
interests of a couple of hundred boys; and he sees no cure for this difficulty 
except a considerable increase in the staff and a corresponding reduction in the 
size of the forms. But he thinks that much may be done by an alteration in 
the system of matriculation examination, which sets the standard at the public 
schools. He would make this consist of two parts : an examination coming at 
about the age of sixteen and well within the reach of a boy of ordinary intel- 
ligence ^nd industry, and comprising the ordinary subjects of school curriculum 
at this age; he would then let the boy leave the subjects from which he is not 
likely to get much further profit and begin to specialise for the remaining two 
or three years, say, in two subjects, which would then he the material of the 
second examination. In this way they would make a wholly fresh start at a 
critical age, and he thinks that the bulk of the boys would probably find this a 
great advantage, 

I quote this opinion because it shows that an . experienced schoolmaster 
regards it as highly desirable that at a certain period in a schoolboy’s career a 
^al ^ange should be made in his curriculum, and I have expressly stated that 
I il diffic^t to express an opinion upon this particular educational period.. 

shpuldi be the exact nature of the teaching before and after the age of 
ordinary boys I would prefer to leave to the 



PRESIDENTIAL ADDRESS. 


799 


decision of those who are best able to judge. I think it highly probable that 
there should be a considerable alteration of curriculum at the critical age. But, 
if a break and change of subject are required at this age, I believe that a yet 
more complete change is required at the later stage when the boy goes to^ the 
University, and that school methods should then be entirely replaced by Univer- 
sity methods — not because there is then a natural change in the mental powers 
of the student, but because it is the obvious stage at which to make the change 
if we are to abandon preparatory training at all. Should it be proposed that the 
change ought fho be made at sixteen, and that after that age something of the 
nature of University methods should be gradually introduced, my fear is that 
this would only lead to the perpetuation of school methods at the University. 

An interesting question which deserves to be very seriously considered is the 
question, What sort of school education affords the best preparatory training 
for the University ? I have often heard it asserted that, if a boy is capable of 
taking up at the University a course which is entirely different from his school 
course, he will generally be found to have come from the classical side and not 
from the modern side. An ordinary modern-side boy is rarely able to pursue 
profitably a literary career at the University, whereas it often hajipens that 
ordinary classical-side boys make excellent scientific students after they have 
left school. I am bound to say that this is, on the w^hole, my own experience. 
It suggests that a literary education at school is at present a better intellectual 
training for general University work than a scientific education. If this be so 
what is the reason ? 

There are no doubt many causes which may contribute. In some schools the 
brighter boys are still retained on the classical side while those who are more 
slow are left to find their way to other subjects ; and some whose real tastes have 
been suppressed by the uniformity of the school curriculum turn with relief to 
new studies at the University and pursue them with zeal. But the facts do also, 
I think, point to some defect in the present teaching of school science whereby a 
certain narrowness and rigidity of mind are rendered possible. This may be 
partly due to the lack of human interest in the teaching of elementary science ; 
the story of discovery has a personal side which is too much neglected, though 
it is more attractive to the beginner and might with advantage be used to give 
some insight into the working of the human mind and character. Moreover, it 
would form an introduction to the philosophy of science which is at present so 
strangely ignored by most teachers. 

But another noteworthy defect is the absence of that mental exercise which is 
provided by the thoughtful use and analysis of language. 

I believe that the practice of expressing thoughts in carefully chosen words, 
which forms so large a part of a good literary education, constitutes a mental 
training which can scarcely be surpassed, and it is unfortunately true that in 
the non-literary subjects too little attention is paid to this practice. In school 
work and examinations a pupil who appears to understand a problem la often 
allowed full credit, although his spoken or written answer may be far from clear. 
This is a great mistake. A statement which is not intelligibly expressed indicates 
some confusion of thought; and, if scientific teaching is to maintain its proper 
position as a mental training, far more attention must be paid to the cultivation 
of a lucid style in writing and speaking. 

The various Universities seem fairly agreed upon the subjects which they 
regard as essential to an entrance examination — subjects which may be taken to 
imply the groundwork of a liberal education. Among these is English : and 
yet of all the subjects which children are taught at school there is none in 
which such poor results are achieved. It may be taught by earnest and zealous 
teachers ; the examination papers are searching, and seem to require a consider- 
able knowledge of English literature and considerable skill in the manipulation 
of the language, and yet the fact remains that the power of simple intelligible 
expression is not one that is possessed by the average schoolboy and schoolgirl. 
It is the most necessary part of what should be an adequate equipment for the 
affairs of life whether the pupil passes to the University or not, and yet it is on 
the whole that which is least acquired. 

Although it is true that the intelligent reading and study of the great masters 
should assist in the acquisition of a good style, it is equally true that, if they 

3 F 2 
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come to be regarded as a school task, they are not viewed with affection, 
especially in these days of crowded curricula, when there is little leisure for the 
enioyment of a book that requires deliberate reading. Tf the modern strenuous 
curriculum of work and games has abolished the loafer it has also abolished 
leisure, and has therefore removed one of the opportunities that used to exist 
for the cultivation of literary and artistic tastes and pursiriis by those to whom 
they are congenial. The art of expressing one’s ideas in simple, straightforward 
language is to be acquired not so much by study as by practice. There is no 
essential reason why children should write worse than they speal^j they do so 
because they have constant practice in the one and little practice in the other. 
Our grandparents felt less difficulty in expressing themselves clearly than we do 
ourselves : of this their letters are evidence. It may have been partly due to 
the fact that they had more time and encouragement for leisurely reading, 
though they had not so much to read ; but 1 believe that the letters which they 
wrote as children were their real education In the art of writing English. Much 
would be gained if boys and girls were constantly required to express their own 
meaning in writing. The set essay and the play a useful part, but do not 

do all that is needed. Translation does not give quite the necessary exercise. 
What is required is constant, with certain periods of conscious, practice, and that 
is only to be obtained by making every piece of school work in which the English 
language is used an exercise in lucid expression. Very few paragraphs in any- 
thing written by the ordinary schoolboy— or, for the matter of that, by the 
ordinary educated Englishman— are wholly intelligible, and teachers cannot 
devote too much pains to criticising all written work from this point of view. If 
we first learnt by practice to express our meaning clearly we should be more 
likely to acquire the graces of an elegant style later, I must add that I believe 
the training in the manipulation of words would be improved if all children were 
required to practise the writing of English verse — not in efforts to write poetry, 
but narrative verse used to express simple ideas in plain language — and I believe 
that this would enable them the better to appreciate poetry, the love of which is 
possibly now to some extent stifled by the pedantic study of beautiful poems 
treated as school tasks. 

In such a subject as English composition, in which reform is so badly needed, 
something, perhaps, would be gained by an entire break with existing tradi- 
tions — a break of the sort which would be required if it became suddenly neces- 
sary to provide for an entirely new type of student. 

Now, there is one new and interesting development in which, for the first time, 
an opportunity offers itself of dealing with a body of students who, although 
possessed of more than average intelligence and enthusiasm, have not received the 
conventional training which leads to a University course. The tutorial classes 
for working people which have now been undertaken by several Universities, 
and which already number about 1,200 students, are attended by persons care- 
fully selected for the purpose and anxious to pursue a continuous cotxrse of 
study of an advanced standard. In these classes the Universities will be com- 
pelled to begin new subjects for students of matured minds who have not 
received the usual preparation, and will therefore necessarily deal with them in a 
new way. Here, if anywhere, the difference between school methods of teaching 
and University methods ought to be apparent; and I feel sure that, if Univer- 
sity teachers attempt conventional methods with these students, they will bo 
condemned to failure. It is certain that these classes will increase enormously 
and rapidly, and I have great hope that they will for this reason influence the 
methods of University teaching in a very healthy manner. In the tutorial classes 
the teachers will be confronted with the entirely new problem of students 
who have thought much, and of whom many are experienced speakers, well able 
to express their thoughts by the spoken word, but who, nevertheless, have 
received little training, and have had still less experience, in expressing their 
ideas in writing. Many of the students whom I have met have told me that this 
difficulty of writing is their real obstacle, and the matter in which they feel the 
want of experience most acutely. It will be a very valuable exercise for those 
who <x>nduct these classes to instruct their students in the art of writing simple 

hope that the necessity of giving this instruction 
conventional methods of teaching English 

’(ImTersitles« 
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I am conscious that this address is lamentably incomplete in that it is con- 
cerned only with the manner of University teaching, and scarcely’- at all with 
its matter, and that, to carry any conviction, I should address myself to the 
task of working out in detail the suggestions that I have made. But this would 
lead me far beyond the limits of an address, and I am content to do little more 
than touch the fringe of the problem. Reduced to its simplest terms, this, like 
so many educational problems, involves an attempt to reconcile two more or less 
incompatible i^ims. 

The acquisition of knowledge and the training of the mind are two inseparable 
aims of education, and yet it often appears difficult to provide adequately for the 
one without neglecting the other. If childhood is the time when systematic 
training is most desirable it is also the time when knowledge is most easily 
acquired; if early manhood is the time when special knowledge must be sought 
it is also the time when training for the special business of life is necessary. 
To withdraw from the child the opportunities of absorbing knowledge may be 
as harmful as it is unnatural; to turn a young man or young woman loose into a 
profession without proper preparation is cruel, and may be disastrous. 

And so we get the battle of syllabus, time-table, scholarships, examinations, 
professional training, technical instruction, under all of which lies the disturbing 
distinction between training and knowledge. 

But, if we inquire further into these matters, I think we shall find that the 
fundamental question is to a large extent one of responsibility. Left to himself, 
a boy or a man will acquire a knowledge of the things which interest him, even 
though they he only the arts of a pickpocket, and will obtain a training from 
experience such as no school or college can give. If education is to achieve the 
great purpose of interesting and instructing him while young in the right objects, 
and also of training him for the proper business of his life before it is too late, is 
it not mainly a question of deciding -when and how far to take for him, or to leave 
to him, the responsibility of what he is to learn and how he is to learn it? If 
the teacher bears the responsibility during the period of school training, should 
not the student have a large share of responsibility in the quest of knowledge at 
the University? 

Now, it is of the essence of responsibility that there should be something 
sudden and unexpected about it. If, before putting a young man into a position 
of trust, you lead him through a kindergarten preparation for it, in which he plays 
with the semblance before being admitted to the reality, if you teach him first 
all the rules and regulations which should prevent him from making a mistake, 
you will effectually smother his independence and stifle his initiative. But 
plunge him into a new experience and make him feel the responsibility of his 
position, and you will give him the impulse to learn his new duties and the 
opportunity to show his real powers. It is because I feel that this sudden en- 
trance into an environment of new responsibility is so necessary that I would 
regard with suspicion any attempt to provide a gradual transition between school 
and University methods. 

In matters of discipline and self-control it is possible and advisable to place 
responsibility upon school children; in intellectual matters it is not advisable, 
except for the few who are matured beyond their years. It is, therefore, all 
the more necessary that this should be done at the moment when they enter the 
University. 

This should be the moment of which Emerson says : ‘ There is a time in 
every man’s education when he arrives at the conviction that he must take him- 
self for better or worse as his portion ; that, though the wide universe is full of 
good, no kernel of nourishing corn can come to him but through his toil bestowed 
on that plot of ground which is given him to till. The power which resides in 
him is new in Nature, and none but he knows what that is which he can do, nor 
does he know until he has tried.’ 

The spirit of independent inquiry, which should dominate all University 
teaching and learning, is not to be measured, as I have already said, by the 
number of memoirs published, but it is to be tested by the extent to which 
University students are engaged upon work for which they feel a responsibility. 
Visit the Universities at the present moment, and, in spite of all the admirable 
investigation which is being carried on, you will find the majority of students 
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engaged in esercises in which they feel no responsibility whatever. In my 
opinion this indicates that for them the spirit of true University education has 
never been awakened. It is, after all, very largely a question of attitude of 
mind. Any subject of study, whether it be a scientific experiment^ or an his- 
torical event, or the significance of a text, is a matter of interpretation, and to 
approach it in the University spirit is to approach-it with the question, ‘ Is this 
the right interpretation ? ' Upon that question can be hung a whole philosophy 
of the subject, and from it can proceed a whole series of investi^tions : it em- 
bodies the true spirit of research and it opens the door to true lea?rning. 

In discussing University education I have not, of course, forgotten that many 
persons have taught themselves up to a University standard entirely without the 
aid of professors j indeed, the University of London long ago provided an avenue 
to a University degree which has been successfully followed by many such persons 
with the best possible results. But I have endeavoured to remind you that at 
the University as at school for most students the personal influence of the teacher 
is the important thing; that at the University as at school success in teaching 
depends mainly on the extent to which the interest of the student is aroused ; 
and that at the University this is only to be done by providing him with a 
purpose and a responsibility in his work in order that he may understand to 
what conclusions it is leading him. Until this is done we shall still have Univer- 
sity students complaining that they do not see the object of what they are learning 
or understand what it all means. This complaint, which I have often heard 
from past and present students of different Universities, suggested to me that I 
should on the present occasion deal with this defect in our customary methods. 

In the hope that the attention of University teachers may be turned more 
fully to this aspect of their work I have ventured to make it the subject of my 
address. 


FRIDAY, SEPTEMBER 2. 

Joint Discussion with Section H on Research in Education. 

1. Ref art on Mental and Physical Factors involved in Education. 
See Eeports, p. 302. 


2. A Research in the Teaching of Algehra. 
By Dr. T. P. Nunn. 


3. Individual Variations of Memory. By C. Spearman. 

This paper dealt with the problem of the individual variations of memory. Lay, 
medical, and psychological views were cited. The present research, its experi- 
mental and statistical methods were described. As regards results the powers 
of memory for different kinds of material was always found to show some 
tendency to correspond, but in very varying degrees. The common view of 
psychologists that quick and retentive memories are wholly different powers 
was only partially corroborated and was traced to differences in the method 
employed for recall. -^Memory tests were found to correlate highly with teachers' 
esttot^ of * general intelligence,' but the latter appeared to be based on obscure, 
variable, and not very reliable data. 



TRANSACTIONS OF SECTION L. 


803 


4. On Testing Intelligenve in OMUren. By Otto Lipmann, B.Phil. 

In dealing with the method, not the results, of investigations of intelligence 
in children reference was made principally to that followed by Binet and Simon^ 
and by Bobertag in investigations, of which the results are not yet published. 
Starting with a definition of intelligence based on the concepts of ^leading idea’ 
and of * inhibition ’ it was shown that an intelligence test should be not merely 
a memory test. In employing intelligence tests certain limitations should be 
observed. On^ children subject to like conditions should be compared, while 



2 years 1 year 1 year 2 years 


♦ Galton. t MoDougall. { Binet and Simon. Bobertag. 

the chief result of the investigation will be to draw a boundary line between 
normal and sub-normal pathological cases. 

Binet and Simon give a number of tests by which all the mental functions 
belonging to the intelligence may be investigated. They show for each age the 
tests which a ‘ normal ’ child might be expected to accomplish. The preliminary 
question, what percentage of the children of the same age are normal, is 

^ Binet and Simon, * Le d^veloppement de ^intelligence ohez les enfants,’ Anriee 
psychologique, 14, pp. 1-94, 1908; Otto Lipmann, ‘ Die Entwickelung der Intelligenz,’ 
Zeitschrift f iir angmmdte, Psychologie, 2, pp. 634r^44, 1909 ; Otto Bobertag, * Binets 
Arbeiten fiber die intellektueUe Entwickelung des Schulkindes,’ Zeitschrift fiir 
angewandte Psgchologie, 3, pp. 230-259, 1909. 
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answered by nearly the same number, whether the method of Galton, of 
McDougall (Mental Measurements Committee), or that followed in several other 
investigations is employed. This remarkable conformity is shown by the diagram. 

If the supernormal individuals who accomplish the test are added the result 
is nearly always the same — a percentage of 77, 


5 . Experimental Tests of General Intelligence. By Cyeil ^ubx, M.A. 

A series of experiments was carried out at Oxford two years ago, mainly 
upon thirty elementary school children, 12 ^- to 13^ years of age.^ The chief object 
was to determine the relative value, as tests of general intelligence, of a dozen 
brief tasks, involving mental processes at various levels, in various aspects, and 
of various degrees of complexity. By general intelligence was understood innate, 
unspecialised mental efficiency, as distinguished both from acquired knowledge, 
interests, and dexterities, and from specific endowment, aptitude, or talent. To 
form tests of general intelligence, the tasks were required, not necessarily to 
prove a means of measuring its amount in any individual child, but merely, with 
sample groups of children, readily and rapidly to yield results which should be 
reliable in themselves, and correspond to a constant and definite degree with the 
results of prolonged and careful observations of the teacher. The degree of 
correspondence was calculated by the method of correlation, and the coefficients 
obtained were taken as indicating the relative value of the tests. 

Views attributing to sensory discrimination, whether general or specific, an 
intimate functional correspondence with general intelligence were not confirmed. 
Auditory and visual tests, indeed, showed positive, though not considerable, cor- 
relations with intelligence 5 but these seem rather to be referred to the dependence 
in the course of evolution of the progress of intelligence upon the perception of 
space and upon the perception of spoken words, and of these respectively upon 
delicacy of eye and ear. Tests of discrimination of touches and of weights 
showed approximately no correlations with intelligence. Simple motor tests, such 
as tapping and dealing, showed somewhat higher correlations than the sensory 
tests. But of the six simpler tests, sensory and motor, none gave correlations 
above 0*50. „ 

The remaining six dealt either with processes of a higher mental level — such 
as memory, habituation, scope, and maintenance of aUention — or with more 
complex mental processes, involving co-ordination of both sensory and motor 
activities, such as the ‘ alphabet ’ and ‘ dotting ^ tests devised by Mr. McDougall. 
Each of these six yielded correlations of over 0*60, the coefficients in the case of 
the last two being particularly high. Am amalgamation of the results of the six 
gave correlations with intelligence of 0*85 to 0*91 ; and these figures are distinctly 
higher than those for the estimates of one teacher with another’s, or with the 
results of examinations. 

Further experiments have since been made in Liverpool at a mixed secondary 
school^ and at a secondary school for girls. The main object of these was to 
investigate three problems suggested by some of the limitations of the foregoing 
investigation — viz., how far such tests are affected by difference in sex, how far 
they can be undertaken with success by teachers untrained in a psychological 
laboratory, and how far they can be carried out as mass-experiments with num- 
bers of children simultaneously instead of singly upon individuals. Tests have 
also been added to represent^ processes of the highest mental level — abstraction, 
judgment, inference, perception of. relations — Sh level untouched by the previous 
research. The results indicate that, as compared with simple sensory or motor 
^sts, tasks involving higher and more complex processes are vitiated to a far 
less extent by difference of sex in the subjects, absence of special training in the 
^yerimenter, and the peculiar conditions of experiments upon children in class, 
^ey also appear to possess the most intimate relations to intelligence. Tests, 
thi^efore, of this type seem the more practicable for educational investigations 
and sociological surveys upon a scale sufficiently extensive for statistical treatment 
ofther^ts. 
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6 . The Measurement of Intelligence in School Children. 

By William Brown, M.A. 

Although, from an abstraot and formal po-int of view, it might be expected 
that a definition of intelligence should precede any investigation into the problem 
of its measurement, such an arrangement is only partially justifiable. Unless we 
are prepared to hypostatise intelligence as merely one of a number of * faculties ’ 
displayed by jie mind, we must face the problem of an all-inclusive survey of 
the mental ability of individuals ; and if we possess the means of measuring the 
nature and degree of the interrelations existing between the various distinguish- 
able factors of such mental ability, we may find ourselves justified in regarding 
the mind as some sort of system to which in its entirety, at least from one 
point of view, the name intelligence may best be applied. If such a result should 
emerge the problems of the measurement and the definition of intelligence would 
be solved simultaneously. 

Since the mind, like the body, is 'variable, the method most applicable to the 
problem will be the statistical method of correlation. Taking a sufficient number 
of cases we may proceed to determine the magnitude of the tendencjr to con- 
comitant variation displayed by the vai'ious subsidiary mental capacities dis- 
tinguished by ordinary thought and measured by ordinary standards. To carry 
out this plan with any attempt at systematic completeness would involve the 
evaluation of the ‘correlation ratio’ ( j?) as well as the ‘correlation coefficient’ 
(?*) for each pair of capacities under consideration, in order to determine the form 
as well as the degree of the correlation. A further indispensable part of the 
mathematical technique would be to apply the method of ‘multiple correlation,’ 
whereby, on a certain assmnption (the assumption of linear regression) the 
magnitude of the tendency to concomitant variation possessed by any two of 
the capacities under consideration, inde'pmdently of the tendencies of each to 
vary concomitantly with the other capacities, may be determined'. 

The author has applied this method to the investigation of the interrelations 
of part-capacities in elementary mathematical reasoning in eighty-three boys 
(already published^), and to that of the relations of elementary mental abilities 
to one another and to ‘ intelligence ’ as ordinarily measured, either by school marks 
or by ‘general impressions,’ and again by the specially devised Combinatione- 
Methods of Ebbinghaus, in the case of college students and elementary school 
children — about two hundred individuals in all, carefully segregated according to 
age, sex, and other ‘ irrelevant ’ conditions. The results show a certain general 
tendency to agreement among themselves, though indicating a much more com- 
plicated scheme of interrelation than that inferred — on somewhat inadequate 
data — ^by the champions of a ‘ central factor.’ The correlations are also ‘low.' 

Much of the correlation hitherto appealed to as evidence of the existence of 
one single central factor ‘ is undoubtedly spurious ’ in nature, i.e., arising from 
irrelevant factors, such as the influence of strange apparatus on the children, 
personality suggestion, differences in degree of discipline to which the various 
members of the* groups examined had been accustomed, &c. The mathematical 
formulae, again, which have been employed to demonstrate this central factor from 
the crude correlation results are much too abstract, involve too many improbable 
presuppositions to be of any practical applicability. The method of ‘multiple 
correlation’ is the only sound and rational one for the investigation of the law 
of relation of the various correlation coefficients to one another, but it has never 
been employed in this connection by the investigators referred to. 


7 . Perseveration as a Test of the Quality of Intelligence, and Affaratus for 
its Measurement. By John Gray, B.8c. 

Perseveration depends on an elemental property of the brain 'which determines 
the persistence of mental impressions or the rapidity with -which one impression 
can follow another. It may be measured in various ways, one of the best being 
by Wiersma’s colour disc. On this disc are two colours which can be seen 

^ Biometriha, vol. vii., No. 3, April 1910. 
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separately when the disc is rotating slowly, but as the speed of the disc is 
gradually increased a point is reached when the two colours fuse into one uniform 
tint. This critical speed is a measure of the perseveration of the subject being 
tested. 

Gross has shown theoretically how the mental character of the subject may be 
deduced from his or her perseveration, and the experiments made by Wiersma and 
others agree very closely with Gross’s theoretical deductions. Perseveration 
indicates the quality of the intelligence rather than its amount ; persons with high 
perseveration may be described as slow-intelligent, and those wit& low persevera- 
tion as quick-intelligent. There is a considerable range of perseveration among 
normal persons, but when it passes above or below certain limits it is usually 
associated with insanity of different kinds. Acute maniacs have abnormally low 
and melancholics abnormally high perseveration. A description was given of an 
improvement on Wiersma’s disc devised by the author, in which illuminated 
coloured glasses are reflected into the eye of the subject by a revolving mirror. 
This enables the luminosity of the colours to be regulated. Besults of tests 
made by the author on visitors to the exhibitions at the White City were 
given, and an interesting hypothesis on the connection between perseveration and 
colour blindness. 


8. Experimental Worlo on Intelligence^ By H. S. Lawson. 

Experiments have been performed on groups of boys between the ages of 
nine and sixteen. These groups are as follows : — 

(а) Elementary-school boys who were within two months of nine years on 

January 1, 1909. (I.) 

(б) Elementary-school boys who presented themselves for a ^ scholarship 

examination at a Midland grammar school. Age limit, thirteen years. 

(II.) 

(c) Students in the same grammar school. (III.) 

I. These boys have been submitted to twelve tests of intelligence, each of 
which has been given for a period of from three to twenty days. In every case 
the functioning of the higher mental levels is involved. The correlations between 
the various methods of diagnosing intelligence have been arranged in the form of 
a hierarchy, wherein that test which has been proved objectively to be most 
intellective in nature takes first place. 

II. These candidates were submitted to simple tests of intelligence at the 
close of the ofla.cial scholarship examination. The coeflicient of correlation 
between official and unofficial (the present writer’s) order of merit was, in 1909, 
0*217, and, in 1910, 0*485. The similarity of position was most marked in the 
upper strata. The coefficient for the *1910’ examination was higher than that 
which obtained between any two individual orders of merit in the official examina- 
tion. In the latter, examination papers were set in arithmetic, history, geography, 
grammar, composition, and dictation. 

III. Several classes in the grammar school have from time to time been given 
exercises to perform, in which processes of reasoning are involved. An amal- 
gamated order of merit for the several forms has been produced. The coefficient 
of correlation between these respectively and the term’s order for the various 
classes engaged has been calculated. In every instance a high number has been 
obtained. 

The career of the scholarship students is being watched. Public examinations 
are a useful criterion whereby to gauge the relative merits of the two methods 
of ‘ spotting ability ’ outlined in this abstract. 


9. M. Bimt^s Method for the Measurement of Intelhgence* 

By Miss Kathabine L. Johnston. 

With M. Binet’s help given at the Laboratory, Hue Grange aux Belles, Paris, 
j I. have implied his tests for estimating the level of intelligence to 200 school 
: of SMfeeM. 

. are part o£ a more extensive examination which has as its object 
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the complete understanding of a child who comes’ before us, and if they are what 
their authors hope them to be, they will assist teachers who desire to determine 
the reasons for the lack of progress of pupils, or to gain knowledge of the 
intellectual calibre of a new pupil. As an example of their nature I give those 
employed for children of nine. 

They are asked (i) to give the exact date of the day, (ii) to enumerate 
the days of the week, (hi) to define fork, table, chair, horse, mother (the 
definitions given are to be superior to ‘use’ definitions), (iv) to read the follow- 
ing : ‘ Burton-ol-Trent, 6 January. Last night a great fire at Burton-on-Trent 
destroyed three houses situated in the centre of the town. Seventeen families 
are homeless. The losses exceed 150,000Z. While saving a child in its cradle 
a barber’s assistant was seriously burned on the hands ’ — and after a brief interval 
to recall at least six facts, (v) Having before them a heap of money containing 
1^, 10s., 5s., 2s., Is,, 6d., Zd.f Id., ^d., and in addition three pence and seven 
half-pence, to enact the part of a shopkeeper, selling a small article for four 
half-pence. The purchaser tenders Is. in payment, and change is demanded. 
Various solutions are possible, the best being the sixpence, the threepenny bit, 
and one penny, (vi) Being given five boxes of identical shape and appearance, 
but 3, 6, 9, 12, 15 grammes respectively in weight, to arrange them in order of 
weight; three attempts are allowed, two of which must be correct. 

The investigator on this method deals with the individual, and a little pre- 
liminary talk is necessary to insure confidence. The child’s age is then ascer- 
tained, and the tests for that age given; should he accomplish all or all bub one 
he is adjudged at the level of that age, and is then subjected to all the tests of 
the succeeding ages. If he accomplishes five of these a year is added to his 
level; if ten, two years. But, if the child fail in two or more of the tests 
appropriate to his own age he is put through the tests of each preceding year in 
turn until that year is found in which he can accomplish all the tests or all but one. 

My experience is that one of the greater hindrances to exactitude lies in the 
investigator ; it is impossible to be certain that one has preserved identical tones 
of voice and expression of face throughout the sittings, and with a subject so 
susceptible to suggestion as a child the doubt will creep in that the result has 
thus been vitiated. Then thei'e is the difficulty of estimating the results. Thus 
one of the tests requires the children to make a sentence containing the words 

London, Biver, Fortune. If I allow the construction ‘ London river ’ M C 

(twelve years) is at the twelve level ; if I do not allow it she is only at the 
level of ten years, and since she cannot do five tests superior to that level she 
must be adjudged backward. 

I have found that it is the exception rather than the rule for a child to be 


able to satisfy the tests for her own age, 



2 have to go back. 

1 26 „ „ „ ,, 

\ 9 can do the tests for 8 

{ 16 have to go back, 

1 can do the tests for 9. 
f 20 have to go back, 

\ 5 can do the tests for 10. 
f 23 have to go back. 

1 2 can do the tests for 12. 
f 20 do the tests for 10. 

[ 3 can do the tests for 12. 
f 16 have to go back. 

\ 1 can do the tests for 15. 
f 16 have to go back. 

\ 4 can do the tests for 15. 
/ 2 have to go back, 
hi does the tests for 15. 

{ 2 have to go back. 

1 does the tests for 16. 


The provision for adding one year for five tests superior to the level reached, 
or two years for ten, mitigates the severity of this judgment. Thus, of the 
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fifteen children eight years old who had to go back, excluding one in whose case 
the tests were not completed, only three in the final reckoning are to be adjudged 
backward.' . ^ . - . , , 

I have found cases in which girls could satisfy the tests of a superior level, 
but were unable to satisfy the tests of their own ago or of the age immediately 
preceding it. M, Binet was prepared for such cases, and the child who presents 
this characteristic is estimated as of the intellectual level of the year, at which 
she fulfils the required number of tests. * 


10. On Testing Intelligence in GMldren. By Professor Dr. Ernst 

Meumann. 

The outcome of the author’s reflections can be shortly expressed in the 
following sentences : — 

(1) The test methods cannot be dispensed with because of their great practical 
value. 

(2) To be excluded are all tests of acquired knowledge, especially the 
examination of school knowledge and use of school work, because some of them 
may be lacking in any normal child. Because of this it becomes impossible to 
determine the normal standard of intelligence which would be of general validity 
for each life year and for all children from any Milieu. But this is the 'principal 
demand for a general comparing research into the normal child and its develop- 
ment, 

(3) Therefore the tests have to be reduced to merely functional examinations. 

(4) It is impossible to measure the general intelligence with one or a few 
psycho-analytical tests and very difficult and uncertain with one or only a few 
practical tests. It is therefore better to give up the thought of being able to 
determine the general intelligence by tests methods ; instead of these we seek to 
examine the higher intelligence, which apart from the testing of a few elementary 
functions, principally sensibility and sensibility of difference for some^ senses, 
is to be considered as the working-up of impressions or representations by 
synthetical and combinatory thinking. 

(5) This is best obtained by all the methods which examine the working with 
abstract elements, the working with leading representations, the working with 
the solution of combinations which are accustomed, easy and rich in content, and 
the combining of them with combinations of new representations and the connec- 
tion of these to the leading representations. 


11. The Pitfalls of ^Mental TestsJ* By Charles 8. Myers, K.^., M,D. 

A protest was^ entered against the collection of vast quantities of psycho- 
logical data, especially by an army of untrained observers. Nothing can be more 
dai^erous than the supposition that the consequent errors cancel one another 
‘in the long run.’ 

In physical^ anthropometry, despite the standardisation of measurements, 
considerable differences occur when practised observers measure the same 
individoal. What must be the degree of divergence when mental characters 
are measured by untrained observers, who not only improperly use and read 
their ‘ instrument,’ but affect in different ways the attitude of their subjects 
towards the test! 

Within any given community the individual variations in physical, and no 
doubt also in mAtal, characters are so wide that the average of any measurement 
must differ -very widely from the average of that measurement in another com- 
munity, for the difference between the averages to be with certainty significant. ' 
Indeed, it must be large enough to be apparent to the unprejudiced eye. Thus 
the statistical treatment of racial mental characters does not discover^ so much 
as r^ial differences. Accuracy is therefore essential. 

^ !pie statistician who aims at collecting pyschological data in large numbers 
^ the various influences which, in different degrees, affect different 
iL^ AX. ^ pour ail data from whatever source into the statistical 
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mill, which, in consequence, expresses a psychologically meaningless result. This 
is especially apt to occur in the case of correlations, in the calculation of which 
different observers so frequently disagree. 

A subsidiary cause of this discrepancy is due doubtless to racial differences 
in correlation. The racial differences which undoubtedly exist in the correlations 
of physical measurements almost certainly have their counterpart in respect of 
mental measurements. So the correlation in a heterogeneous people may in one 
sample of it be high, in another be low or reversed ; in one sample the probable 
error may be great, in another small, according to accidental differences in racial 
diversity. ^ 

But the main cause lies in the neglect of the introspective element. The only 
way to ascertain what is being tested by psychological experiment is to have 
recourse to the subject’s experience. Owing to neglect of this a test of mental 
fatigue may not involve mental fatigue at all; it may in different subjects 
involve the play of complicating factors (automatism, boredom, duty, ambition) 
in different degrees. So, too, a positive correlation between general intelligence 
and sensory discrimination may be due to the fact that the very nature of the 
test has compelled the subject to use his intelligence while carrying out sensory 
discrimination. To avoid spurious measurements and correlations of this kind, 
too much care cannot be taken to find out exactly what factors the experiment 
involves ; and this can only be done by individual introspection, which is* 
impossible in the blind wholesale collection of data by untrained observers. 

We are prone to hope that statistics will yield results out of all proportion 
to the value of the material put into them. Only collect enough data and a valu- 
able^ conclusion will emerge 1 Nothing can be farther from the truth, especially in 
regard to ‘mental tests.’ The treatment of such data en masse is apt to give 
a mere blur, which hides mental processes actually existent and claims to reveal 
others that have no existence 

Mass-experiments, however, have their use. In everyday life we do not care 
hew an individual works, how he knows; we want to know how much he can 
work, how much he knows. For this purpose we require standards of pro- 
ductiveness, standards of knowledge, which will differentiate, for example, the 
feeble from the normal and will mark the progress of the former. But let us 
clearly recognise that these are not psychological tests. Let us not spoil two good 
things by pretending that tests of production are a measure of definite mental ' 
processes, for from the psychological aspect the results are a mere blur. 


MONDAY, SEPTEMBER 5. 

The following Papers were read : — 

1. The Teaching of Handicraft and Elementary Science in Elementary 
Schools as a Preparation for Technical Training, By J. G. Leuge. 

The elementary school’s right aim — a general education to form the basis of 
specialisation later. So, too, with the secondary school, though there now recog- 
nised that there is no one type of general education, and consequently both at 
home and abroad various types, each with a particular colour or bias, are being 
developed. Why not similar variety of types in the case of elementary schools ? 

The particular variety under discussion to-day — a practical curriculum for boys 
in a town school, leading naturally on to technical education. Part played by 
British Association, notably in Reports of 1906 and 1908, in establishing claim 
for introduction of handicraft and experimental science into the curriculum. 
Impetus towards this given by Board of Education’s recent Memorandum on 
Manual Instruction in Elementary Schools. 

The scientific basis for the practice of manipulative work — development of 
brain centres presiding over co-ordinated movements of all kinds. Variety of 
purposes in view when principle thus established is advocated, and consequent 
variety of means for applying it. No one single purpose in view, and therefore 
no one single method of applying principle possible. 



810 


TEANSACTIONS OF SECTION L. 


Freedom to head-teachers to frame curriculum, but a useful, and at same 
tdme scientific, division of school above infant stage into juniors, children rising 
to tlie age of twelve, and seniors, children of and over twelve.^ Simple forms 
of handicraft and courses of object-lessons suitable for the junior stage. The 
schemes of all classes to be carefully co-ordinated by the head-teacher. 

In the senior stage the curriculum to be arranged in two divisions or on 
two sides, which may be termed the literary and the constructive. Half the 
school accommodation for seniors to take the form of classroom, half the form of 
workshop. Boys to work in two shifts, morning and afteri|l>on, alternating 
between classroom and workshop. Division of subjects of curriculum between 
the two sides. The literary side to lay stress on independent study on the * note- 
taking’ basis, mathematics to be common to the two sides; and the handicraft, 
while admitting of a measure of absolutely free work, to be closely co-ordinated 
with a scheme of practical physics, in which mechanics will hold a prominent 
place, practically all apparatus and rough working models being made by the 
scholars. 


2 , Educational Eandworlc : an Experiment in the Training of Teachers, 
By James Tipping. 

The Educational Handwork Association has during the last eight years con- 
ducted a most interesting experiment in the training of teachers in educational 
handwork. 

This vacational course has met annually during the month of August in the 
Municipal Secondary School, Scarborough, and has attracted an increasing 
number of teachers from every part of the British Isles, and not a few from the 
Continent, the Colonies, and America. 

The aim of the promoters has been to make handwork better understood, 
and, indeed, to demonstrate its value and necessity in an ideal scheme of general 
education. 

The need for mind-training through muscular activities has been urged by 
educationists of all times, but administrators of education have not so readily 
appreciated the psychological aspect of the problem, and consequently have made 
the mistake of developing the work for its economic value rather than for any 
truly educative ends it might serve. 

The purely utilitarian aspect of the various forms of manual activity has been 
the means of leading them away from the true intention of the work with the 
usual result that the * means’ have been mistaken for the ‘ends,’ the ‘avenues’ 
to knowledge have been mistaken for the ‘ goal.’ 

Manual training as an industrial training has no place in the ordinary school 
curriculum, but as a factor in mind development its presence is essential. 

Probably the term ‘manual training’ too readily suggests industrial activity, 
and to this extent it is somewhat of a misnomer; hence the reason why this 
Association favours the title Educational Handwork, because it more readily 
expresses the essential difference between industrial activity and muscular 
activity, which leads to brain training. 

The predominating feature of handwork is the use of a variety of tools and 
materials and the adapting of them to given ends. The more materials used the 
better, for each has its characteristic requirement in the way of handling and 
moulding into due form. 

In the development of schemes the central ideal has been to give due con- 
sideration to the two points of view— namely, the technical and psychological. 
So far as children are concerned, the latter is essentially of primary importance, 
whilst technic as such takes only a secondary place ; but from the point of view of 
the teachers’ needs both are requisite. 

Beference to the schemes of work on exhibition emphasised the fact that 
whilst the technical courses provide for the development of the teachers’ 
executive powers, every opportunity h'as been taken of developing suggestive 
ideas for the application of such knowledge to the children’s needs. Power to 
Mlhdie; mch schemes as will apply to the varying capacities of the children is 
rather than the following of set schemes worked in the training 
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school and slavishly adhered to by the teachers when they go back to their own 
schools. 

In the kindergarten, of all places in the school, psychology plays an important 
part, and in the summer school this is kept constantly in mind. A daily lecture 
is given, after which the various forms of naanual expression, such as^ brush- 
drawing, daywork, raffia, paper cutting, folding, and mounting, are discussed 
from the standpoint of child psychology. 

In clay-modelling the objects which are of interest to children and the 
methods they would adopt in the making of such at different ages are taken into 
consideration in working out the course. The psychology of touch is appealed 
to in discussing the methods of handling the material. 

In working out a brushwork course the statistics with regard to children’s 
ability to discriminate colours are appealed to; samples of children’s own spon- 
taneous work are examined, and the students are trained to analyse them, esti- 
mate their worth, and take hints for future guidance from them. Similarly in 
drawing and paper-cutting the problem of the perception of distance and of the 
third dimension in objects is worked out, and the children’s powers in these 
directions at kindergarten age discussed ; the value and limitations of the different 
forms of colour and form are worked out and criticised from that basis. In 
sewing and weaving the mechanism of visual adjustments is reviewed and made 
the basis for criticism of the use of such material as are utilised in mat-plaiting 
and calico for sewing for young children, so that the students are given definite 
reasons why sewing should be on coarse materials and with coarse thread, and 
why wool and raffia are superior as weaving materials to mat-plaiting. 

The teachers are shown that the school occupations may easily be made exten • 
sions of the child’s natural and instructive home occupations; he loves to build 
thread beads, make marks with chalk or pencil, to splash about with colours, 
and in these directions his play may readily be developed and enriched by the 
proper use of such in school. 

The first essential in the kindergarten work is to get rid of the idea of courses 
in different materials, the aim being rather to give the child ample opportunity 
to use a variety of materials in the expression of central-group experiences. 

The first principle in dealing with kindergarten teachers is to train them to 
develop in the child the power of self-expression, and next to familiarise them 
with a variety of materials, so that they can constantly appeal to his powers of 
expression in these materials, and so strengthen his powers of selection and 
adjustment. 

In the various schemes of work on exhibition it will be noted that the funda- 
mental principles governing kindergarten methods are arranged and elaborated 
to suit the more mature development of the children as they pass through the 
different stages of school life. As the child grows physically and mentally the 
mode of approach varies somewhat, and the development of mind through the 
activities become® an ever-increasing and more highly complex problem, but 
through the medium of clay, card, wood, and metal there is afforded an infinite 
variety of experiences that can be utilised to harmoniously develop the child 
both physically and mentally. 


3. Handworhin relation to Science Teaching : the Manipdaiim Shill of the 
Teacher, By G* H. Woollatt, Ph,D., FJ.Q. 

Science teaching in most schools is now dominated by the research idea, and it 
is therefore an essential that the lessons given and the experiments performed 
«hall follow lines determined by the students themselves rather than a course 
definitely set out in a given syllabus beforehand. 

One of the chief difficulties of a teacher in this respect is that of procuring 
suitable apparatus. Usually he is bound to apparatus which is catalogued by the 
various apparatus dealers, and his course of lessons is to some extent hung upon 
the pegs of purchasable apparatus units, instead of the apparatus being made to fit 
the experiments. In elementary schools this is even more the case than in 
secondary and technical schools, for the allowance for science apparatus is smaller, 
and the stock of it therefore still more limited. To stock a quantity of apparatus 
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on tho principle of a possible use being found for it is sheer extravagance, and as 
much apparatus deteriorates in value upon keeping it is not a defensible policy. 
Fet, as already stated, one can scarcely tell for more than a week ahead what 
may be required. 

A teacher of science in any school must possess the skill which will enable him 
to assemble standard units of apparatus in such a way as to make it possible to 
conduct almofit any experiment, and the principle of supplying such standard 
units has been in vogue since science teaching began; yet a glance around schools 
will usually show many quite elementary and more or less clumsy attempts at 
the setting up of simple apparatus. In other words, the scienc^< teacher rarely 
has found time to acquire the skill necessary to enable him to deal efficiently and 
neatly with the many and various materials that come under his notice. When 
he is able to command the services of an expert laboratory attendant his work 
is easier, but even then his possible experiments are bounded by the skill of his 
attendant and the apparatus shops. His work is thus frequently confined within 
limits which are unnecessarily and uneducationally small. 

The remedy is to make all science teachers and all laboratory and lecture 
attendants pass through a course of instruction in the use^ of simple tools such 
as could be supplied to any laboratory, and in the various methods usually 
adopted in the manipulation of different materials used in the construction of 
apparatus. It is necessary also for a science teacher to know the properties of the 
various materials he uses and the limits to which he may strain and torture them; 
also his own capabilities in the direction of manipulation. 

This remedy has been applied more or less during the past fifteen or twenty 
years in certain colleges, but in some cases the object has been defeated by 
supplying all the materials cut to size, so that only the erection of the apparatus 
to be constructed fell to the teacher-student. During the past five years, however, 
the Department of Agriculture and Technical Instruction in Ireland (which con- 
trols the science teaching in that country) has made it possible for their teachers 
to attend a systematic course of training such as that outlined above, and to 
attain, in the space of a few weeks, a training in the use of tools and materials 
sufficient to enable them to deal with most of the ordinary work which falls to the 
lot of the science teacher. 

The course followed is roughly one of a hundred hours, of which less than 
twenty hours are spent in the lecture-room, the work in the lecture-room being 
mainly concerned with the reasons for the shapes of tools, the theory of their 
action, the manner of keeping them in working condition; the properties of 
materials and the reasons for the use of various materials for specific purposes. 
The Department also includes in its lecture course instruction upon the construc- 
tion and use of the projection-lantern, upon apparatus and diagram design, the 
care of tools, apparatus, benches, bottles, and other laboratory appliances, and 
similar subjects. 

The practical work consists of four main divisions — ^work in wood, metal, and 
glass accounting for the first three, and a genera] section following, in which 
many of the ordinary processes of a physical laboratory are undertaken — pro- 
cesses which all teachers ought to be able to demonstrate, but which unfortunately 
are only possible with definiteness and certainty to few. This section includes 
such work as the copying in plaster or in copper of some small objects, the 
grinding and drilling of glass, the silvering of glass, cementing of various similar 
or dissimilar^ materials together, the cleaning of mercury, the preparation of 
microscope-slides, lantern-slides, the making of scales upon glass, &c. 

It is not the object of the course to turn out makers of apparatus, and for 
many purposes it is not necessary that the work done should have any high 
finish ; it is mainly desired to impart the skill in the handling of materials such* 
as will enable and encourage a teacher to set up his own apparatus in his own 
way for an experiment, and, further, to enable him to set out a correct specifica- 
tion for any instrument he requires and which may be beyond his power to con- 
struct, for it is always made clear to students that much of the apparatus avail- 
able for scientific work would not pay a teacher for the making ; his time is more 
^ployed in other directions. 

no longer are the only ones to enjoy the privilege of 
as during the past three years a similar one, of three 
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weeks^ duration, has been held in August at the Municipal Schools, Scarborough, 
under the auspices of the Educational Handwork Association, and any teacher 
in Great Britain now has the opportunity of becoming a skilled manipulator of 
apparatus and of material. It is encouraging to be able to report an annually 
increasing number of students in this subject. 

A teacher who has been through such a course , as this is no longer restricted in 
his apparatus. He is able to design or devise a new method of showing old facts : 
he is able to make a piece of apparatus simply and easily for the demonstration of 
any point reqairing special attention, and he is able to overcome many of the 
greatest difficulties that beset a teacher of science — ^those of replacing small por- 
tions of broken apparatus, of readjusting faulty instruments, and of increasing 
the general efficiency and reliability of the apparatus under his care. 

In these circumstances the work of such a teacher becomes a more personal 
exposition than could otherwise be the case. The very kind of experiments per- 
fonned and the type of apparatus chosen and used become an indication of the 
line of the teacher’s thought. Each school laboratory will gradually acquire a 
tone from the influence of the man in charge, and so to some extent reproduce the 
results of the old days, when our great teachers — ^Black, Cavendish, Bunsen, and 
others — taught with home-made apparatus, much of which certainly indicated 
the personality of the maker. It was suggested that such a state of things is 
much more desirable than the present one of hundreds of laboratories containing 
the same units of apparatus, all used in the same way, with almost the same 
words in the explanations given. 

Furthermore, the capability of making small apparatus and appliances en- 
courages a teacher in the use of the projecting-lantern for delicate experiments — 
an immense educational advantage — and keeps him constantly on the look-out for 
new and pretty (therefore attractive and easily remembered) ways of performing 
his demonstrations. 

Specimens of students’ work, illustrating the course followed in these training 
classes, were exhibited. The specimens were all made by students in the Labora- 
tory Arts Course, August 1910, Scarborough Summer School Educational Hand- 
work Ajssociation. 


Joint Discussion mfh Section B on the Neglect of Science hy Industry 
and Commerce} Opened "by E. Blair, MA. 


TUESDAY, SEPT EM BEE 6. 

The following Papers were read : — 

1, Outdoor Work for Schools of Normal Tyfe. By J. Eaton Eeasey. 

Anxiety with respect to the physique of school children has led to the multipli- 
cation of open-air recovery schools. The value of these schools from the hygienic 
standpoint is beyond question, and their work on the educational side is not 
unsatisfactory. A danger arises, however, of outdoor educational work being 
mentally associated with, and practically restricted to, the physically defective. 
Against this it is urged that an immediate and large increase in the amount of 
school-work in the open air would not only benefit children and teachers physically, 
but is on educational grounds very desirable for all classes in schools of every type. 

At present teachers are largely slaves of the schoolroom and the desk. Outdoor 
work is restricted to drill and gardening, with, in some few schools, an occasional 
walk or excursion. Things which cannot be done at a desk in a room are looked 
upon with suspicion as not being the real work of a school. Yet all are aware 
of the serious harm done to growing children by desks necessarily unsuitable, 
and of the impossibility of providing weU-ventilated rooms and sufficient floor- 
space. In many districts school accommodation is deflcient in nearly all hygienic 

^ See The School World, October 1910. 
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requisitres, and aggravates the harmful influences present in many cottage homes. 
But the advantages of open-air work are not mainly hygienic, but educational.. It 
is impossible in the classroom to use as we ought the child’s natural love of move- 
ment and his instinctive restlessness. Outside this characteristic natural activity 
may be used and the evils of wrong desk-postui*e and vitiated atmosphere avoided. 

There are difficulties of organisation connected with school journeys and objec- 
tions to technical instruction in Ijorticulture as a school subject. Whether these 
are or are not overcome, there is a large amount of work which can and ought to 
be done outside. The adoption of the asphalted playground has increased facilities 
in this direction, whilst the provision of school gardens would enoi aiously widen 
the possibilities of work in the open air in immediate proximity to the school. 

There is much work of high educational value which can only be done outside. 
There are educational methods which can be adopted in the playground and not 
in the classroom. There is abundance of work which can be more efficiently done 
in the open air. 

Photographs were shown of classes engaged in such work. Children were 
shown during lessons in arithmetic, mensuration, and geometry on the playground 
floor, and it was noticed that the larger available space makes co-operative work 
possible to the class. This form of work was recently urged upon rural teachers 
by the President of the Board of Education. 

Other illustrations showed children taking first lessons in heat and light. 
Such teaching surely should always be taken outside, the sun being employed 
rather than a lamp. The biological importance of light and heat can be shown by 
continued observation and experiment with living, growing things in the garden. 
Other illustrations showed the practicability on the school premises of outdoor 
lessons on direction, the sundial, shadows, seasons, &c. 

But it is with work included under the term * nature study ’ that the adoj^tion 
of outdoor methods is most urgent. It is surely wrong to confine children within 
doors to discuss snow, rain, wind, dew, sunshine, and plant life. ‘Blackboard 
Nature study ’ is surely an absurdity. 

There is a crying need for the multiplication of school gardens, not for technical 
instruction in horticulture, but for the conduct of real Nature Study. The 
garden should not merely provide the material for, but should be the scene of the 
lessons. Illustrations of classes doing such work were shown. Much of this work 
cannot be done on an excursion. In the garden scholars may carry on prolonged 
investigations — c.^., into rate of growth. The Nature instinct bom in a child 
can be satisfied and developed instead of being obliterated by work in school with 
a dried or torn-up specimen. The garden offers unlimited scope for teaching the 
child through his own observation and inference. 

Comenius in the seventeenth century urged that every school should have 
its garden and use it in this way. England is exceedingly backward in this 
respect as compared with some other countries. 

It is not impossible to meet the difficulty of providing gardens for schools in 
the congested parts of cities. Plots of ground might be laid out in the suburbs 
and classes conveyed to these garden schools for a half-day each week for outdoor 
work of various kirids,^ No plans should be passed for now suburban or rural 
schools unless a garden is provided, and H.M. Inspectors could do much by urging 
the importance of making playgrounds and gardens the scene of lessons. 

The physical and educational value of such work is perhaps exceeded by its 
sesthetic and moral advantages. 


The School J ourney : 'its Practice and Educational Valu^e. 

By G. G. Lewis. 

Actual objects are .better t^ching tools than the most vivid description, better 
even than pictures, lantern slides, or models. Big things like trees, hills and 
rivers, castles and cathedrals, cannot be brought into the class-room, and smaller 
objects are best studied in their own natural environment. Hence the need for 
school Journeys. Pour kinds of school journey are attempted at Kentish Town 
Bdbool. 

1^1^ class spends one half-day on Hampstead 
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Heath (one mile away). The time-table shows drawing, geography, drill, Nature 
study. If wet these subjects are taken at school; if fine, drawing is combined 
with geography or Nature study the whole afternoon. Typical work includes 
tree study; scenery study — ^hills, rivers, valleys, rocks, &c. ; map reading and 
making, contours; plant oecology; pond life; clouds, snow, and atmospheric 
effects; ‘colonisation’ and ‘seeking hidden treasure.’ 

2. Saturday EamhUs — e.gr., to Epping Forest for toadstools; Richmond Park 
for pond life ; Charlton Quarry for rocks and fossils. 

3. Long-dist(mcc Excursions, — week’s visit to some distant centre — e.g.^ 
Chepstow, Abergavenny, Shanklin, the Gotswolds, Folkestone (with day trip to 
Boulogne). The cost, from 18s. to 21s. per head, is borne chiefly by the parents. 
Forty to fifty boys, aged from seven to fourteen, are taken. They have always 
been taken in the Easter holiday, as all teachers are anxious to be with their boys. 
In London the journeys may be done in school time. The Children’s Country 
Holiday Fund will send children to cottages for a fortnight, the L.C.C. providing 
teachers. The ideal partyjvould consist of three teachers, an organiser, treasurer, 
and house-master, with thirty or forty boys. It is well to prepare a guide-book 
containing maps, historical notes, &c., for each boy. It is cruelty to insist on 
copious notes or descriptions on an excursion when the boys are out journeying 
every day. Rough sketches with the briefest notes should suffice. 

4. The Oftn-Air School in Epping Forest. — The whole of the top class 
(thirty-five boys) spent four days at a ‘ Retreat ’ in Epping Forest in July with 
their masters at a cost of 6s. per head. School lessons were followed in the 
forest according to the time-table in the mornings, a journey being taken in the 
afternoon. 

‘ Our Aims ’ (from the Guide-Book). 

1. To bring teachers and scholars into closer touch with one another. 

2. To foster habits of good fellowship, self-reliance, and unselfishness. 

3. To investigate the causes which produce scenery. 

4. To secure rock, plant, and animal specimens unobtainable near London. 

5. To extend our knowledge of mankind past and present. 

6. To gain health and vigour from a week in the open air. 

7. To learn how to spend a holiday intelligently and happily. 


3 . School Gardening, By Alexander Sutherland. 

Many claims are made for gardening as a means for interesting and educating 
children. The claims are that gardening has important intellectual, social, moral, 
industrial, and aesthetic values. If so, it is the duty of everyone to help in 
bringing about a larger use of the subject. 

About 304' square yards, or 60 feet by 27 feet, with central path of 4 feet, 
was found by the writer to be a suitable area for two boys, one above 12 and 
the other under. When girls are at sewing, the boys go to gardening. The 
advantages noted are : (1) It vivifies school work, stimulating all branches of 
study; (2) It gives the subject of Nature study a definite foundation^ suggest- 
ing problems through which children may be trained to ‘ do something in order 
to find out something ’ ; (3) It teaches respect for labour, showing the im- 
portance of the work of producing vegetables, and of the skill desirable for this 
fundamental human anployment ; (4) It brings the interests of the home and 
school more into sympathy; (5) It tends to correct modern pleasure-seeking 
tendencies, developing interests that furnish means of wholesome pleasures within 
ourselves ; (6) It expands the mind by the opportunities it gives for observation 
of various plants of different kinds ; (7) It brings the school into sympathetic 
association with our most important industry — agriculture — and gives a simple, 
recreative manual training in handling a spade and other garden tools; (8) It 
awakens interests and desires that help in the formation of good habits, and 
healthy, profitable employment in spare time; (9) It enhances the usefulness of 
the citizens by the training towards special interests that he may follow up after 
school days are over, and help in producing plants — ^living things of beauty and 
wonder. 


3 G 2 
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Conducting School Gardening . must be co-operation between pupils 
and teachers. The practical operations of preparing and cultivating the soil, 
planting the seed, &c., devolve on the scholars. Scope for the directive, stimu- 
lative, educative influence of the teacher find a field here for securing skill and 
interest. 

Observations on the first appearance of seed leaves, buds, where the buds 
grow, and how they open, visits of bees and other insects, where nectar is stored, 
colours of flowers, what parts of them fall off and what parts remain, weed 
studies, names and families of garden weeds, bulb culture, plan^^ng of bulbs for 
spring bloom, planting in pots for indoor winter blooming, setting out tulip bed 
in school grounds— all full of interest, full of instruction, in which help given 
and help got will ever be a pleasant and profitable experience to all concerned. 


L A Training College under Canvas} By Professor Mark E. Wright. 


5. The Agency of Notations in the Development of the Brain, 

By Miss A. D. Butcher. 

In this paper the following matters were referred to : The retention of the 
present relations between the spoken and the written expression of sense; the 
restoration of those relations which have been obscured by the vicissitudes 
attending the development of the human race; the opinion, of Victor Egger; 
language in its origin has nothing to do with sound — ^it is a state * un mode de 
moi-m^me*; English ideography; sign, sound, and sense in the same symbol; 
man a ailmt reading animal; description of orthoepic notation; the digraph 
character of English print; international ideographs; printing reform before 
spelling reform ; the proportionate value of phonetic elements ; the anomaly of a 
fifteenth-century print in the twentieth century ; the economy of nervous force in 
teacher and pupil; orthotype in the kindergarten; the importance of printing 
reform from a commercial point of view ; English the Esperanto of the future. 


6. On some Effects of the Extension of the Elementary School System on the 
English Character. By S. F. Wilson. 

This paper dealt with the following subjects ; Prevailing dissatisfaction with 
the results of general and compulsory education in England ; elementary educa- 
tion in England one of the most difficult problems ever raised in any country; 
the relation of natural education to school education : brief history of the latter 
during the last eighty years ; natural inequality of children insufficiently re- 
cognised; limits of teaching by verbal concepts; importance of psychological 
atavism; effects of the scientific interpretation of Nature on elementary teaching; 
the effects of the elementary school on political and social controversy and 
reform ; the present deadlock m legislation regulating the status of the elementary 
school; the necessity of improved ideals and methods in the elementary school. 


Joird, Discussion with Section I on Speech, 

(i) The Evolution of Speech and Speech Centres, By Dr. Albert A. Gray. 

Spe^h develops as a result of hearing, hence it is not surprising that the 
centre in the brain for the understanding of speech is in close proximity to that 
for the sense of hearing, and, indeed, may for some purposes be considered as 
part of that centre. The centre for the understanding of speech, however, is 
limited to the left side, while that for hearing is found on both sides of the brain, 
i^ntre for hearing is termed the audito-sensory centre, and that for the 

Published in Thh School World, October, 1910. 
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understanding of speech is termed the audito-psychic. Hence when these centres 
are destroyed on both sides the individual becomes quite deaf and does not 
understand speech. If the centres be destroyed on the left side only he hears 
what is spoken because the right audito-sensory centre is still intact, but he does 
not understand what is said because the audito-psychic centre is present on the 
left side only and is destroyed. If the hearing centre on the right side only 
is dest^royed the individual can still hear and understand speech. 

The centre for the production of speech is found on the left side of the brain 
in the third frc|ital convolution and adjacent regions. Since th^ centre is only 
concerned in the production of speech it follows that when it is destroyed the 
individual can still hear and understand what is said to him, but he cannot frame 
words and sentences to express himself in speech. 

Mechanism of the voice : The voice is produced by the vibrations of the vocal 
cords, and, for the most part, the various tones depend upon the portions of the 
cords which vibrate and the degree of tension in these portions. The changes 
in the extent and tension of the vibrating portions of the vocal cords are deter- 
mined by muscular action, which in its turn is governed by the centres in the 
brain described previously. The voice is resonated in the cavities of the mouth, 
pharynx, and nose; hence by altering the size and shape of these cavities by 
means of movements of the tongue, palate, &c., the quality of the tones produced 
in the larynx can be affected at will. 


(ii) The Essentials of Voice Production. By Professor Wesley Mills. 

At the present time it is vital for those who teach especially to agree on some 
principles. Only principles, and not * methods,’ except those based on a few 
fundamentals, are possible. It is better to abandon the term * method ’ if applied 
to anyone’s systematic teaching. It is more important to emphasise what is 
common in the teaching and practice of speaking and singing than the differences. 
Other things being equal, the more of a singer the speaker is the greater his 
success, For the singer, training in speaking should for a time precede training 
in singing or be carried on with it. 

The double purpose of speaking and singing. 

The justification of the appeal to science. 

' The object of cultivating vocal technique or voice production. 

Its psychic and somatic factors. 

' Adjustment or co-ordination of the psychic and somatic and of the various 
parts of the vocal mechanism is the key to explanations and to practical success. 

The vocal mechanism consists of three main parts. In using these the subject 
employs neuro-muscular mechanisms controlled by psychic factors. The psychic 
must precede iUe somatic. At first results are largely voluntary; later reflex 
and sub- conscious. In all muscular movements, those concerned with voice 
production included, sensations are of vital importance. In phonation the chief 
sense is hearing, but others, usually associated with muscular movements, are 
also essential. Without these ‘ voice-placement ’ is impossible. 

The essentials of a. good tone. 

Breathing in relation to voice production. The practice of the old Italian 
vocal teachers is not inconsistent with the latest investigation on breathing. 
The * attack*; the resonance chambers; parts to be used and parts that may 
interfere with a good result. 

Good voice production does not necessarily constitute good art, but is 
essential to it. 

The term * accent * as now often used is unsatisfactory. 

The value or quality of vowel sounds should be settled by an international 
commission of experts. The same applies to a few consonants, especially * r.' 
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FRIDAY, SEPTEMBER ^ 


Types of Animal Movement, 

By Professor William Stirling, M,D,, D.Sc,^ LL,D, 

The discoveries of great men nvr leav us — thy are immortal, they contain 
those immutable truths which survive the shock of empires, outlive the struggles 
of rival creeds, and witness the decay of successive religions.* These are the 
words of the historian of civilisation, and to them may be added those of Mr. 
Roosevelt in his Romanes Lecture at Oxford : ‘In the world of intellect, doubtless 
the most marked features in the history of the past century have been the extra- 
ordinary advances in scientific knowledge and investigation.* We must all admit 
that modem progress in certain directions is largely due to inventions and dis- 
coveries the ‘offspring of the scientific mind.* 

It seems all the more remarkable, therefore, when we find Von Uexkiill in his 
wonderfully suggestive book, ‘ Umwelt und Innenwelt der Thiere,* asking the 
question, * What is a scientific truth ? ’ He himself gives his reply, ‘ An error of 
to-day.* This reply reminds one of other questioners after truth, and also of the 
remark of Napoleon. ‘What is history,* said he, ‘but a fable agreed upon?’ 
There is food for reflection in these replies, both for the man of science and the 
historian. I shall try to show you what science has achieved in the investigation 
of animal movements, and in doing so I must refer briefly to the historical aspect 
of the question, for it is just two years more than three centuries since the founder 
of the study of animal movements was born in the fortress of Castel Nuovo at 
Naples. 

Linnaeus, in his oft-quoted maxim, ‘Stones grow,’ ‘plants grow and live,^ 
‘animals grow, live, and feel,* seems to have omitted the most characteristic 
feature of living animals, for undoubtedly amongst all manifestations of life the 
features which are most striking, most characteristic, most interesting, and to us 
most intelligible are of a mechanical order, as represented by movements of various 
kinds, whether movements of one organ on another or movements of the animals 
themselves — on land, in water, or through air — the three great Highways of 
Nature. 


Movement, though not a characteristic of animals alone, is in them so marked'^ 
as practically to become a distinctive feature. Their immense power of generating 
mechanical motion enables them to perform those actions which constitute their 
visible lives. The subject presents an endless field of -inquiry to the anatomist, 
to the physiologist, to the artist, and not least to the pathologist. 

Nothing is more remarkable in Nature than the variety and, on occasion, the 
apparent simplicity of the mechanisms for the production of movements both in 
animals and plants, ‘ Every chemical substance, every plant, every animal in its 
growth teaches us the unit of cause, the variety of appearance.' As Emerson 
expresses it, * Nature is an endless combination and repetition of a very few laws. 
She hums the old well-known air with innumerable variations.* Perhaps nowhere 
is this more evident than in the sphere of movement. 

The motor organs theniselves have been far more carefully studied than the 
movements they produce, but there are not wanting signs that the impulse given 
to morphological studies by the doctrine of adaptation under natural selection has 
: to affect the study of purely physiological problems, in proportion as it 

;; more evident how infinitely fertile are the movements of organisms 

r thse of adapted reactions. 
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The wonderful harmony existing between the form and functions of a muscle, 
the marvellous co-operation of groups of muscles to produce specific movements, 
are revealed everywhere in animals as well as in the human frame itself. The 
co-ordination takes place in the higher animals in the central nervous system, 
a system characterised by autonomy as well as centralisation, a system so com- 
plex that a few years ago its main highways could only be guessed at, but 
which now, thanks to the labours of experimental physiologists, pathologists, and 
histologists are as well known as the great high-roads that intersect the country 
itself, and thiy are maintained in a far more workable condition than obtains even 
in the best roads. We also know the side-paths from these main nerve tracks, and, 
thanks to the genius and researches of Sherrington, we have reached a measure of 
finality, for have we no*’ in reflex actions a ‘final common path’ towards which 
converge a multiplicity of private yet ever open and serviceable paths with a free 
right of way ? Orderly ‘ behaviour ’ characterises the outward visible movements 
of animals, as well as the sequence of events in the internal, invisible motor organs 
on which the continuance of life itself depends. As the movements of animals are 
intimately related to their habits and modes of life, this opens up another aspect 
of the question. _ ‘ 

Animal movements may be classified according to the media on or in which the 
animal moves. In terrestrial progression the ground is a more or less fixed or 
rigid point of support or fulcrum. The action of the moving limb tends to repel 
the fulcrum in one direction, and the body itself in the opposite direction. The 
more solid and resistant the ground, the greater will be the amotmt of energy 
available to propel the body forward. The energy, however, is generated by the 
animal itself. Everyone knows how little progress he makes on a shifting, feebly 
resisting surface such as sand. In aquatic progression, as in the swimming move- 
ments of a fish, the fulcrum is the water, which is freely mobile and easily dis- 
placed, so that much of the energy is dissipated in moving the water itself. ^ The 
specific gravity of a fish is approximately that of the water itself. Some animals 
are moved by the expulsion of water from the body — ^in the jelly-fish the bell con- 
tracts and forcibly expels water, while the cuttle-fiish expels the water in its mantle 
through its funnel. The animals are propelled in an opposite direction. The 
lowest microscopic water-dwellers move by indefinite limited contractions and 
expansions of the protoplasm, of which their microscopic bodies are made up. 
Others are propelled by the rhythmical vibrations of cilia on their surface or by 
the undulations of a membrane. 

As air is eight hundred times lighter than water, aerial motion presents the 
most interesting of all problems. It has been solved by insects and birds alike, 
and both of these flying motors are heavier than air. The air fulcrum is far more 
mobile than the aquatic or terrestrial support, yet in spite of this the greatest 
velocities are obtained in aerial progression. 

If we adopt a more popular classification, depending on the number of legs 
possessed by animals, we have bipeds, quadrupeds, centipedes, and even millipedes. 
In these hundred- footed creatures the marvellous co-relation of their segmental 
limbs excites our wonder, while the exact analysis of the sequence of movement 
almost baffles our methods of study. Some of you know the disturbances of 
motor acts that are produced in human beings when a person is mentally excited, 
or on occasion when he may be the object of scrutiny by an onlooker, 

Borellu De Motu AnimalntTn. 

In the seventeenth century there began that glorious period of scientific 
endeavour and achievement, the period of Harvey, Galileo, Torricelli, Malpighi, 
Hedi, and Stensen, the period when new methods were applied to the study of 
physics with such brilliant results. In a humble convent cell in the monastery 
of San Pantaleone in Rome, on the last day of the year 1678, and as the New Year 
was coming in, there died the founder of the Study of Animal Movement, 
Giovanni Alfonso Borelli. He was born in Naples in 1608, the son of a Spanish 
soldier, and a Neapolitan mother, whose name was Borelli. His name stands in the 
forefront as a great pioneer and founder of the study of animal movement. After 
being educated in Rome he became professor of mathematics in Messina about 
1640, and in 1656 he was called by Ferdinand'Duke of Tuscany to Pisa, where he 
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had as a friend and pupil Marcellas Malpighi, and where he taught publicly his 
doctrines and the results of his investigations, and also wrote a large part of his 
' great work Vt Motu Animalium, Twelve years later he returned to Messina, 
which he left as an exile in 1674, and went to Rome, where he lived for a time under 
the patronage of that remarkable woman. Queen Christina of Sweden. The 
decennium passed in Pisa was the most brilliant period of his scientific life. Here 
he had as pupils Marcellus Malpighi, who dedicated to him his famous treatise 
De Pulmonibus ; and also Lorenzo Bellini, whose name still survives in the tubules 
of the kidney. Borelli wae one of the founders of the famous Accademia del 
Oimento. His home in Pisa was at once a * domo,* and also perhaps the first 
physical and biological laboratory in Europe. Here also was taught ‘ Anatomia in 
domo Borelli’ by Claudius Anterius. The Grand Duke of Tuscany himself saw 
that he was supplied with the necessary animals for his experiments. The 
problems of animal motion presented a field for the application of the new methods 
of physical research which had been established by the labours of Galileo and his 
fellow-workers. The investigations of movements as manifested by animals and 
man was a large part, but not the only part, of his life-work. His researches were 
published in his epoch-making book De Motu Animalium, the first volume in 1680 
— ^two years after his death — and the second in 1681. 

Borelli applied to living beings the laws of mechanics, and he reduced to its 
simplest form the theory of animal locomotion. He recognised that these move- 
ments ‘are due to mechanical causes, instruments, and reasons.’ Mathematician, 
geometrician, astronomer, and physicist, and the first physiologist of his time, 
Borelli combined in his life-work the happy marriage of geometry with physiology. 
Just as Harvey’s work recorded in ‘il libello d’ oro * was the compliment to the 
anatomical period of the sixteenth century and the labours of Vesalius, so Borelli’s 
monumental work continued that of Harvey, and co-ordinated and brought into 
relation other functions of the body. Over twenty years of his life were spent in 
Messina, and when he quitted Sicily he found refuge in Rome. Robbed by his 
servant of practically all his belongings, old, infirm, and poor, he found in the last 
years of his life a peaceful resting-place amongst the Fathers in the Collegio di 
San Pantaleone dei Padri delle Scuoie Pie, and it was these Padri who found the 
money and published his monumental work of 900 quai’to pages, illustrated by 
nineteen magnificent plates crowded with artistic and vigorous delineations. 

The comparison of animals with machines is both legitimate and suggestive, 
and, indeed, it is a very fertile, if trite, idea, and the justice of the comparison 
becomes far more apparent now than in the days when Borelli unravelled living 
mechanisms as a problem in animal mechanics. At the end of the seventeenth 
century the chemical aspect of the question was just dawning. A rational 
chemistry was springing out of the work and dreams of the alchemists. The time 
had not arrived for the consideration of living organisms as ‘ chemical machines,’ 
consisting essentially of colloid materials, which possess the peculiarities of auto- 
matically developing, preserving, and reproducing themselves, to use the words 
of Jacques Loeb in his most suggestive lectures on ‘The Dynamics of Living 
Matter.’ There were, however, prophets in the land, and not the least interesting 
of these is Dr. Samuel Johnson himself, who appears in a new t6U as the prophet 
of man’s conquest of the air. In * Rasselas ’ he makes his hero say ; ‘ I have long 
been of opinion that, instead of the tardy conveyance of ships and chariots, man 
•might nee the swifter migration of wings, that the fields of air are open to know- 
ledge, and that only ignorance and idleness heed crawl upon the ground.* We 
also find Victor Hugo among the prophets. In 1864, writing on the subject of 
aerial navigation, the poet expresses the opinion that the flying machine of the 
- future wilibe the ‘ hdlicoptere,* that it will be ‘ heavier than the air.’ It was to 
be the bird flying where it listeth, while the balloon he compared to the clouds, 
wafted, driven, and tossed by the winds at their will. Looking at a balloon in the 
air one day, he said to Arago : ‘ See the egg soars. The bird has yet to come. But 
the bird is within, and it win be hatched.’ Tp-day the prophecy has been fulfilled. 

Borelli took all animal movements for his province, and dealt both witi 
extenjai ; visible movements and movements of internal organs with voluntary 
,am|;wo|imtey movements. The various types of terrestrial locomotion he not 
' " ^ methods by which a boatman directs a boat. He 

' displacement of a fish, and illustrates by an original 
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figure the principle of a diving-bell or submarine-boat. Marey points out that 
Borelli gave the first correct explanation of the flight of a bird. The wings act 
on the air, as he said, like a wedge — after the manner of an inclined plane — ^in 
order to produce a reaction against the resistance of the air whereby the body of 
the bird is driven forward. Marey himself admits the correctness of Borelli's 
theory, while modestly only claiming for himself the subordinate merit of having 
furnished the demonstration of a truth already suspected. 

^ The, Graphic and Photographic Methods, 

The introduction of exact physical and chemical methods completely revolu- 
tionised the subject of physiology, especially from the period of Johannes Muller 
onwards. On the physical side no method contributed more to this advance than 
the^ ‘ Graphic Method.* It is a very remarkable fact that though man for cen- 
turies — ^indeed, for thousands of years before the Israelites crossed the Eed Sea, 
about 1500 B.c. — ^had been writing or recording his thoughts in various graphic 
characters, by the skilled movements of his own right hand, on stationary surfaces, 
it was only about six decades ago that the movements of other parts of his 
mechanism were recorded on a moving surface driven by clockwork. A more 
exact analysis and interpretation of animal movements was not possible until the 
graphic method had been applied to the study of movements which are either too 
rapid or of too short duration to be followed by the unaided eye. About 1800 
Thomas Young recorded time by means of a vibrating metallic rod on the surface 
of a cylinder. James Watt inscribed the movements of the indicator of his steam- 
engine on a cylinder, moved by the engine itself. In physiology the impulse 
towards the application of the graphic method came through Carl Ludwig in 1847, 
when he invented an instrument which he called a ‘ Kymographion,* or Wave- 
writer. Thus for the first time was recorded the beat of the heart as expressed in 
the variations of pressure within the arteries. I shall show you to-night a lantern- 
slide copied from the original tracing taken by Ludwig on December 12, 1846. 
I owe this to my friend Professor A. Mosso, of Turin, to whom Ludwig presented 
a portion of the original tracing. 

The graphic method was rapidly extended to the study of all kinds of 
physiological and other phenomena. New apparatus in the form of ‘myographs * 
and other recording instruments were invented. Time was accurately recorded by 
vibrating tuning-forks and by chronographs. Problems deemed insoluble a few 
years before, thanks to the labours and investigations of Helmholtz, du Bois 
Eeymond, and above all to Professor Marey, of Paris, were brought within the 
range of the experimental method. More, however, was still required. Photo- 
graphy soon lent its aid, and to-night I shall show some remarkable results of the 
application of cinematography to the study of physiological movements as ex- 
hibited by the microscopic forms of life so numerous in water, as well as the 
movements of parasites that live in the blood, and are the cause of some of the 
most fatal diseases to which man and animals alike are subject. This I am able 
to do through the kindness of Messrs. Pathd Freres and Dr. Comandon. My best 
thanks also are due to the Gaumont Co., Ltd., for recording for me a special 
series of films expressly taken to illustrate this lecture, but which, I hope, may 
prove useful to other physiologists. I believe there is a great future for the 
application of the cinematograph to physiological problems, both as a means of 
investigation and in teaching. 

Notes on the Illustrations, 

The first type of animal movement selected was that of Amoeba j lantern 
slides were shown to indicate its changes of form, mode of feeding, movements 
and reactions to stimuli such as have been described by Jennings. Many attempts 
have been made to explain Amcsboid movements by artificial imitations of proto- 
plasmic activities. The imitations are based on the assumption that these 
phenomena in Amoeba and other protoplasmic masses are due to local changes of 
surface tension in a fluid mass — ^a view associated with the names of Quincke, 
Butschli, Rhumbler, and others. Gad, in 1878, placed a drop of rancid oil on a 
dilute solution of carbonate of soda. The fatty acid acts on the oil, a soap is 
formed ; this lowers the surface tension at various points of the drop of oil, and 
as a result the drop changes its form and sends out projections having an external 
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resemblance to the pseudopodia of Amoeba. In order to illustrate these artificial 
imitations a cinematograph film was projected of Gad’s experiment. In order 
to make the oil visible on the clear fluid carmine was rubbed up with the oil. The 
feeding movements of Amoeba were also shown. Among the most interesting of 
these is the experiment of Ithumbler, in which a drop of chloroform in water 
takes in and rolls up within itself a very fine thread of shellac. A similar process 
•occurs in Amoeba Verrucosa when it comes in contact with a green filament of an 
Alp., as is described and figured by Leidy. Copies of the ordinal figures of 
Xeidy and Rhumbler were projected on the screen. 

The ciliated group of Protozoa were then considered, special attention being 
fgiven to Paramoecium — a small, unsymmetrical cigar-shaped animal, just visible 
to the naked eye, and covered with over 3,500 cilia arranged in oblique rows, 
the cilia forming about ^-J^jth part of the entire weight of the animal. The cilia 
propel the animal in the water in which it lives, and as they move backwards with 
five times the energy they vibrate forward the animal is propelled forward, 
always, however, in a spiral course having a straight axis, a device which is 
marvellously effective, and is used by many aquatic animals. As the animal 
moves forward the cilia around the mouth cause a backward current of water, 
carrying food to the animal. Thus as it speeds along it can sample the water, 
take in its food, and do what the best submarines cannot do. It takes in its fuel, 
water and oxygen, en route, as it navigates the abysses of its pool. On meeting 
any obstacle in its path it has a wonderfully effective mechanism for avoiding 
these obstacles, the so-called ‘avoiding reaction,^ so graphically described by 
Jennings. It reverses its engines — ^its cilia — automatically swims backwards, turns 
to one side, and swims forward in a new direction. This backing-out process may 
be regarded as a negative reaction. It also shows marked positive reactions 
collecting in certain areas or in water containing dilute acids, an example of what 
it called ‘ Chemo taxis, ^ By means of films specially prepared by Dr. Comandon 
the movements of Paramoecium were demonstrated, the film giving a vivid repre- 
sentation of the wonderful life in the water peopled by Paramoecium and other 
organisms. Such a result is obtainable by photographing objects on a dark 
ground, the ultra-microscope being employed. Some other films by Dr. Comandon 
were shown to illustrate the microscopic flora and fauna of the intestine of a white 
mouse. A film of a Spirillum which moves by means of flagella was also shown. 

The work done by cilia was demonstrated by means of a film specially pre- 
pared for the lecture by Messrs. Gaumont. The lower jaw was removed from the 
brainless head of a dead frog. On the front part of the palate was placed a large 
piece of the animal’s liver, and on this a flag. The liver and flag were rapidly 
carried backward right into the gullet. The effect of heat in quickening the motion 
was demonstrated in the same way. The experiment illustrates what the combined 
action of thousands on thousands of cilia can do, as well as the importance of 
their action in removing secretions or other particles from the tubes or channels 
which they line. If their action is impaired— and it is wholly uninfluenced by 
the nervous system— or if the cells bearing them are shed, as in bronchitis, then 
the secretions accumulate in the tubes and block them. By means of a stroboscope 
an analysis of ciliary motion was projected on the screen to show the movements 
of the individual cilia and the combined action of the whole. By using a 
mechanical slide of another type the progressive and rolling movements of Volvox 
were also projected. 

Passing to fixed ciliated protozoons such as Stentor and Yorticella, their 
characteristic ciliary movements were shown by means of slides, while a film was 
used to show the movements of Vorticella and the contractions of its stalk into 
a spiral by means of the myoids, or primitive contractile filaments that extend 
from its bell mto its stalk. 


• j animals by means of undulating membranes were next con- 

sidered, ^d those of Trypanosomes were taken as the type. Trypanosomes occur 
abnormally in the blood of many different animals, from fish to man, A particular 
form m mans blood and in his cerebro-spinal fluid is the cause of the fatal 
- sleeping sickn^s." Their movements in the blood of a rat were demon- 

^ s^iaUy pppared by Dr. Comandon, in which these 
'1 jonwaards by their flagellum and undulating membrane, could 

among the blood-corpus<5les. 
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I^assing next; to the movements of sea-anemones, coloured slides were exhi- 
bited to show their general configuration, and in many their exquisite beauty 
of coloration. The reflex actions, spontaneity, and co-ordination of movements 
shown by these animals is by some attributed to the presence of a nervous system j 
others, such as Loeb, regard their movements and responses to stimulation as 
due to the general characteristics common to all protoplasm. Loeb’s experiments 
of feeding a sea-anemone with a wad of paper dipped in crab juice, and another 
wad moistened with sea water, were described, and also his experiments on 
the beautiful Cerianthus. First the remarkable ‘ righting ’ movements of a 
Cerianthus placed head downwards in a glass tube, and^ then similar movements, 
the animal righting itself when laid on a perforated zinc plate or wide-meshed 
wire gauze — an example of what is called Geotropism. 

Tjhie remarkable observations of Bohn on Atlantic Actinia that live between 
high and low water mark were referred to. The animals, when removed to an 
aquarium' where they are constantly and completely under water, expand their 
tentacles at high water and close them at low water. This rhythm is retained 
for several days. Parker’s observations on Metridium were mentioned, as well as 
those of Gamble and Keeble on Convoluta. 

The fascinating problems suggested by the rhythmically pulsating Mis of the 
Medusas or jelly-fish, so carefully investigated by Romanes, were next introduced. 
Their forms and beauty were shown by coloured slides reproduced from the works 
of Allman and Haeckel. The animal is propelled by the expulsion of water by 
the contraction of its bell, so that the animal itself is propelled in the opposite 
direction — a method adopted by some other aquatic animals. The contractions or 
beats are as orderly as the beats of the human heart itself, and at once suggest a 
comparison with cardiac rhythm. In the naked-eye Medusa (Sarsia), which was 
shown, Romanes found that complete removal of the extreme margin of the bell 
caused immediate total and permanent paralysis of the entire organ, while the 
separated portion continues its contractions ; if a small piece of the margin is left 
attached to the bell the umbrella still contracts. Romanes inferred that in the 
naked-eye Medusse there are centres of spontaneity for the origination of impulses 
to which the contractions of the swimming-bell are exclusively due. The quiescent 
marginless Sarsia, if stimulated mechanically, respond with a single beat, just 
as does the ventricle of a frog’s heart brought to a standstill by the application 
of the first ligature of Stannius. The impulse to movement and co-ordination are 
due, according to Romanes, to the presence of the nervous system, i.e. are 
neurogenic, while Loeb from his experiments on Gonionemus— an American form 
— ascribes the beat to ions which serve to bring about the labile equilibrium of 
the colloid condition of the protoplasm. The locomotion of this simple animal is 
due to the contraction and relaxation of one thin sheet of muscular fibres which 
bring about co-ordination. Dming the contraction phase the bell does not respond 
to stimulation; it is inexcitable or refractory— a stage called the ‘refractory 
phase.’ It is this which prevents disharmony when multiple stimuli are applied 
during the contractile phase. A refractory phase was first noticed in the heart 
by Kronecker and Stirling many years ago. Marey studied it carefully and gave 
it its present name. 

The Echinoderms represented by sea-urchins and starfish were next con- 
sidered. The observations of Romanes and Rreyer were illustrated by means of 
slides. The movements of the tube feet were shown by the cinematograph ; then 
followed a film to show their ‘righting’ movements, and another to show 
Astropecten burying itself in the sand by means of its tube feet. The researches 
of Von tJexkull on these animals and on the brittle stars were next referred to and 
similarly illustrated. Von Uexkull regards the sea-urchin as a ‘republic of 
reflexes.’ The movements of a slug have to suffice for the Mollusca. The shadow 
of a living slug was projected on a screen, and the retraction of its horns denaon- 
strated on the animal itself and the mechanism by which it is brought about by 
means of a model. 

The subject of flight was dealt with very shortly, the observations of Da Vinci, 
Pettigrew, Marey, Lendenfeld, and others being referred to, including the recent 
researches of Mens. L. Bull carried out at the Marey Institut at Paris. By an 
ingeniotis apparatus, a dragon-fly — Agrion — ^was cinematographed, and through the 
kindness of M. Bull the original film was projected. The animal makes about 
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tMrty-five beats of the wings— it has two pairs— per second. The electric spark 
was used, and by this means an enormous number of exposures per second can be 
obtained. The wings make a figure of 8 movement from behind forward, while 
in birds the figure of 8 described by Pettigrew is from above downwards. 

The following table from Marey shows the number of vibrations per second 
made by the wings of certain insects : — 


Name. 

Common Fly . 

Drone Fly . 

Bee 

Wasp 

Humming-bird Moth 
Dragon-fly 
Butterfly, White . 


l^er Second. 
. 330 
. 240 
. 190 
. 110 
. 72 

. 28 
9 


The work- of Borelli on the flight of birds was illustrated by a copy of Borelli’s 
original figure. The splendid work of Marey by the graphic and photographic 
methods was referred to. There is one striking fact about the flight of birds — 
viz., that the pectoral muscles which move the wings are equal to one-sixth of the 
total weight of the animal. The following table from Marey shows the number 
of vibrations per second : — 


Name. 
Sparrow 
Wild Duck 
Pigeon 

Moor Buzzard 
Screech Owl 
Buzzard 


Fer Second, 

. 13 
. 9 

. 8 
. 6 
. 5 

. 3 


The last part of the lecture dealt with reflex action as the physiological unit 
in the operations of the nervous system, the subject being represented by the 
reflex movements of a pithed brainless frog, and by the protective reflexes of such 
animals as crabs, lizards, &c., which, as shown by Fredericq, amputate a limb or 
the tail when limb or tail is violently seized. That animals can still execute well 
co-ordinated movements after certain injuries to the nervous system was illustrated 
by showing a film of a frog climbing an inclined plane and maintaining its 
equilibrium after removal of its cerebrum. The stepping movements of a dog, in 
which Professor Sherrington had completely divided the spinal cord, were also 
shown. As to the movements of internal organs, some films were projected to 
show the heart beating after removal from the body of the frog, tortoise, and 
rabbit. The last films showed the excised heart of a rabbit, prepared by Dr, l 40 cke 
and perfused with his fluid, beating and recording its boats on a moving 
blackened cylinder, the effects of chloroform on its beats, stopping them, and 
the recovery of the beat after washing out the chloroform ; and to give an example 
of a rhythmical beat due to alterations of surface tension, the rhythmical beats 
of a globule of mercury, known as ‘ Ostwald*s physical heart,’ were projected. 


M0NBA7, SEPTEMBEB 5. 

Recent Hittite Discovery. By D. G. Hogaeth, M.A. 

The object of the lecture was to show in outline how the memory of the Hit- 
tii^ as an imperial people has been recovered and what their place in world- 
hi^ry was. This recovery dates from the finding in 1834-35 6i two prehistoric 
mties^ at Keui and Uynk in North-Western Cappadocia, Their sculptures 

: d ioBCJuptions were ultimately recognised by Sayce as belonging to the same 
msoriptuons and sculptures which had been found at Hamath 
after 1870^ and also some other monuments observed in 
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Asia Minor, at Ibriz and near Smyrna. These Syrian monmnents had been 
already ascribed to a people which, under the name of KJuta or Khati, played 
a large part in the Syrian relations of Pharaohs of the XVIITth to the XXth 
Dynasties, and in those of the Assyrian kings ; and this people, it was generally 
agreed, was identical with the * children of Heth * or Hittites of the Old Testa- 
ment. If the latter were responsible for the monuments in question in Syria, 
then, too, they were responsible, in some sense, for the monuments in Asia 
Minor; and, in any case, it was clear that a very peculiar and important civilisa- 
tion, coverinn a large area of the Nearer East in the second millennium b.c. and 
the early part of the first, had been forgotten by history. 

Scholars and explorers made continual efforts during the next quarter of a 
century to elucidate this civilisation, and succeeded so far as to place its origin 
in Asia Minor, and to fill up, more or less, by the discovery of many new monu- 
ments the geographical gaps dividing those first observed. They found that these 
monuments lay, roughly, along lines of communication leading from North- 
Western Cappadocia to the south and west, and they established in fact that not 
only Northern Syria but West Central Asia Minor showed such monuments in 
almost every part. But fundamental questions — who were the authors of this 
civilisation? where precisely was its chief focus? and who shared its develop- 
ment? — ^had still to be left open; and it was not till Eoghaz Keui came to be 
excavated by Winckler and his companions in 1906-07 that they could be 
answered. 

At the last-named site, known for some years to produce cuneiform tablets 
partly in Babylonian, partly in an unknown tongue, the excavators explored a large 
megalithic group of ruins in the lower city and fortifications, and certain other 
structures in the upper, besides clearing and re-examining the long-known 
religious rock-reliefs of lasily Kaya. Besides several mural sculptures, of which 
the most interesting shows an armed Amazon, the explorers came on a number 
of cuneiform tablets, chiefly in the ruing of the earlier portion of the lower 
megalithic building, which was evidently a palace. These tablets proved to be in 
the main Foreign Office archives of six generations of kings, who ruled over the 
Hatti of Boghaz Keui in the fourteenth and thirteenth centuries b.c. They con- 
clusively prove that the Hatti of Cappadocia were the Khati who fought with 
Egypt at Kadesh, and made the famous treaty with Eameses the Great. The 
first important reign was that of Subbiluliuma, contemporary of Amenhotep IV. ; 
the last was that of Hattusil II., the * Khetasar ' who made the treaty with 
Eameses. But we know from Babylonian, Assyrian, and Egyptian records that 
both before and after these kings, the Hatti were a power in Western Asia, and 
we have to credit them with a history of at least a thousand years. The tablets 
show that Subbiluliuma extended Cappadocian power over North Syria and even 
over great part of Mesopotamia, where the Mitanni had formerly been dominant; 
and that this wide dominion, extending even to the Babylonian frontier, was 
preserved by his chief successors, Mursil and Mutallu, and not lost till after 
the reign of Hattusil II., who treated with both Egypt and Babylon as an 
equal. Startling as this revelation is, we now see that without the existence of 
such a Hittite power the wide distribution of the Hittite monuments, civilisation, 
and physical type would have remained inexplicable; and we recognise in Boghaz 
Keui the natural focus from which these radiated over Asia Minor and Syria. 
But we recognise also that many of these monuments and much of the Hittite 
civilisation were work of other peoples than the Cappadocian Hatti— peoples 
who had learned of the latter and in many cases outlasted them. Other phenomena, 
too, are explained by the revelations at Boghaz Keui, notably the failure of the 
Aegean power of Crete to effect a lodgment in Asia Minor, and the long 
continuance of the Hittite name and fame in S^a. Moreover, they account, as 
nothing else can, for the Oriental influences wMch acted on the earliest Hellenic 
civilisation, especially on Ionian art and religion. For not even the early contact 
between the Muski-Phrygians and Assyria appears to have resulted in sufficient 
orientalisation in Phrygia and Lydia to explain the Greek phenomena. The real 
distributing agency of Orientalism was Cappadocia, whose art and religion were 
of the required type. 

It is evident, then, that a great, if forgotten, part has been played in the 
relations between East and West by the civilisation which occupied so long the 
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whole land bridge between Asia and Europe.^ The long survival and great 
extension of Hittite influence in Syria has been illustrated by the excavations at 
Sinjerli and Sakjo Geuzi, and by recent discoveries in the basin of the Middle 
Euphrates on both sides of the river. But an immense field remains to be 
explored, and other im^jortant sites must be thoroughly examined, notably Car- 
chemish, Marash, and Malatia. When even one of these is dug according to the 
best modern methods a flood of light will be thrown on Hittite archaeology; and 
with the help which the decipherment of the non-Babylonian Boghaz Keui tablets 
will afford to the decipherment of the Hittite inscriptions, already phonetically 
interpreted in no small measure by Sayce, the study of the Hittite cOilisation will 
take its place in the field of scientific history. 
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The Fossil Flora and Fauna of the Midland Coalfields. — Report of the 
CommittSe, consisting of Dr. A. Strahan {Chairman), Dr. E. W. 
Bennett {Secretary), Mr. H. Bolton, Dr. A. E. Dwerryhouse, 
Dr. Wheelton Hind, and Mr. B. Hobson, appointed to investi- 
gate the Fossil Flora and Fauna of the Midland Coalfields. 

Report on the Fossil Fauna and Flora of the Southern Portion of 
the Derbyshire and Nottinghamshire Coalfield. By Egbert Douglass 
Vernon, B.Sc., Emmanuel College, Cambridge Exhibition of 1851 
Research Scholar. 

Introduction . — The following preliminary report on the fossils of 
the southern portion of the Derbyshire and Nottinghamshire Coalfield 
records some of the results of my work during the past two years on the 
area delineated on the one-inch map, Sheet 125 (new series) of the 
Geological Survey, which includes that part of the coalfield south of 
Alfreton. The chief object of this report is to record the occurrence and 
distribution of the fresh-water mollusca, the fish, and the plants in the 
new fossil horizons described below. 

Particular care has been taken to fix the exact stratigraphical 
horizon from which the fossils have been obtained, and in order to 
avoid the sources of error involved in collecting from colliery tip-heaps 
those collieries have been selected which work only one seam of coal. 
In all doubtful cases, as where two or more seams are worked at the 
same colliery, confirmatory evidence has been obtained by making a 
personal examination of the underground workings in order to locate 
the fossils in situ. 

Previous Records . — No detailed account of the work of previous 
observers will be given here, since this has already been done for the 
flora by Mr. E. A. N. Arber,^ and all the records of previous workers 
on the fauna may be summarised in the statement that only nine species 
of mollusca and eleven species of fish have been obtained. 

Fossil Horizons . — ^The productive coal-measures of this district have 
a vertical thickness of more than 3,000 feet, and contain, as may be 
expected, a large number of fossil horizons. In so far as the fish and 
mollusca are concerned the underclays and sandstones are mostly 
barren, the cannel coals usually contain fish, whilst the shales and 
their associated beds and nodules of clay ironstone, locally called 
^ Bakes,’ are -the chief repository for mollusca, fish, and plants. 

It must be noted, however, that the efforts of the present-day col- 
lector are restricted to the strata immediately overlying the seams of 
coal, and it is from such deposits that the fossils recorded below have, 
been obtained. 

? Proc . Yor ^. Qeo }. Spc .^ yoL xvii,, Pt. ii,, 1910, pp. 
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Mode of Occurrence of the Fossils. — Both the plants and the mol- 
Insca occur in the grey shales (blue binds) and in the associated nodules 
of ironstone. In such deposits the mollusca are preserved as internal 
casts in ironstone, but in the black carbonaceous shales (black bat or 
bass) the shell itself is frequently present. 

The fish are found as odd, scattered fragments in almost all the 
shales throughout the sequence; sometimes the remains become so 
numerous as to form thin ‘ bone beds ’ composed of comminuted 
bones, teeth, scales, and spines, with, on rare occasions, a more or less 
complete fish. These bone beds are most common in the black, fissile, 
carbonaceous shales which so frequently overlie, and pass laterally into, 
seams of coal, particularly cannel coal. It is from such bone beds that 
the fish about to be considered have been collected. 


General Section of the Derbyshire and Nottinghamshire Coalfield 
showing the chief Fossil Horizons. 

The distribution of the chief fossil horizons in relation to the impor- 
tant seams of coal, is given in the following general section (in descend- 
ing order) of the coal-measure sequence: — 

Possil 
Horizon 

Pish bed. 

Shell bed. 

/Shell bed 
\ Pish bed 

Shell bed. 

Shell bed. 


Purnace, Tupton or Low Main C3oal 
Measures 
Blackshale CJoal . 

Measures 
Mickley Coal 
Measures 
Kilbnm Coal 
Measures 
Nanghton Coal . 

Measures 
Alton Coal 


150 


110 

300 


440 ‘ 


130 


Coal 


300 


Strata 


Approximate thick- 




ness in leet^ 

Measures 

Clowne Coal 




500 

Measures 




330 ‘ ‘ 

Mainbright Coal . 

Measures 

Hazles Coal 




60 * ’ 

Measures 




350 * ’ ’ 

Top Hard Coal . 

Measures 

Dunsil Coal 




80 * ‘ ‘ 

Measures 




10 * ’ ’ 

Waterloo Coal 
Measures 

Ell Coal 




300 

Measures 

Deep Soft Coal . 




40 

Measures 




80 * ‘ 

Deep Hard Coal . 




• • m n 

Measures 

Piper Coal 




70 

Measures 




40 

Hospital or Bottom Piper 

Coal 


. . . . 

Measures 

. 



100 


/ Sheh bod. 
\ Fish bed. 
/Shell bed. 
1 Pish bed. 


Shell bod. 

Shell bed, 

rSheUbed. 
I Pish bed. 


Pish bed. 

/ Shell bed, 

1 Pish bed. 

Shell bed. 

Pish in marine bed. 


{ 


^ly to the district as a whole and not to any particular colliery. 
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Glowne Goal , — ^From the black shale roof of this coal at the 
Annesley Colliery the following fish remains were obtained: — 

Rhizodopsis sauroides (Willm.). 

Goelacanihus elegans (Newb.). 

Platysomus parvulus (Young). 

MonichthySf sp. 

Mainbri^Jit Goal , — ^From No. 1 pit of the Hucknall Torkard Colliery 
the following were obtained : — 

MOLLUSC A, 

Carhonicola oquiliTia (Sow.). 

„ suhconstrieta (Sow.). 

Naiaditeb modiolaris (Sow.). 

Anfhracomya Williamsoni (Brown). 

PLANTS, 

Neuropteris lieteropTiylla (Brongn.). 

Calarnifes, sp. 

Calamocladiis, sp. 

Lepidodendron, sj). 

FISH. 

Diplodus gihhosus (Agass.), tooth. 

Hazles Goal . — ^At the Gedling Colliery the roof of this seam is a 
prolific horizon for fossils, as the following lists show : — 

MOLLUSCA, 

Carhonicola acuta 9 (Sow.). 

„ aquiliua (Sow.). 

„ turgida (&own). 

„ ohtusa (Hind). 

„ suhconstrieta (Sow.). 

All the species are common and the shells frequently have the 
periostracum preserved. The specimens of G, aquilina belong to a 
widely spread and well-known variety of the species; they are similar 
to those figured by Dr. Wheelton Hind from the Moss coal of the 
North Staffordshire Coalfield. 


FISH, 

Acanthodes Wardi (Egert.), fin spines, palato- quadrate, scales. 

RMzodopsis sauroides (Willm.), scales, vertebrae, maxillae with teeth. 
Diplodus gihhosus (Agass.), teeth. 

Megalichthys Hibherti (Agass,), teeth, body scales. 

GoelacantJms degans (Newb.), scales, gular plate, operculum. 

Pleuroplax RanJeinei (Agass.), teeth, spines. 

Strepsodus sauroides (Binney), teeth. 

Platysomus parvulus (Young), scales. 

Elonichthys Aiikeni (Traq.), scales. 

This fish bed appears to be present in the roof of hazle coal of 
the Hucknall Colliery, from which a few fragments were obtained 
including : — 

Rhizodopsis sauroides (Binney), scales and vertebrae. 

Diplodus gihhosus (Agass.), teeth. 

Megalichthys Hibherti (Agass.), scales. 

Elonichthys^ sp., scales. 

1910. 3 H 
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PLANTS, 

The following plants were obtained from this horizon: — 


GalamiUs varians (Sternb,), 

„ cisii (Brongn.), 

„ sp. 

Neuroftens ohliqua (Brongn.), 

»> sp. 

Lepidopliloios laricinus (Sternb.), 

Lepidodendron obomium (Sternb.), 

„ lycopodioides (Sternb.), 

„ ophiums (Brongn.), 

„ dichotomum (Sternb.), 

LepidostrobuSf sp. 

Sigillaria laevigata (Brongn.), 

„ ovata (Sauveur), 


Colliery. 

Gedling 


Hucknall Torkard 

t 


99 >» »> 

99 99 99 

99 

99 99 99 

99 99 99 

99 99 99 


Specimens of Lepidodendron are the only common plants at this 
horizon. 

Top Hard Coal {Barnsley Bed ). — ^In discussing the molluscan 
assemblage found in association with this seam an experimental area 
of about 40 square miles will be considered ; its boundaries are fixed on 
the west by the almost continuous outcrop of the coal from Wollaton, 
near Nottingham, to Pinxton, a distance of ten miles, and on the east 
by the line of collieries from Gedling up the Leen Valley to Annesley. 
Within this area the fossil horizon has been detected in the three good 
exposures on the outcrop of the seam : — 

Digby clay pits. Level at Brookhiil Leys. 

Clay pit at Stoney Lane, Brinsley. 

and also at the following eight collieries : — 

Gedling. Annesley. 

Bestwood. Bulwell. 

Hncknali Torkard. New Watnall. 

Newstead. High Park. 

There is thus every reason to infer that this fossil horizon extends 
continuously throughout and beyond the area under consideration. 
The following general section of the roof of the Top Hard Coal illus- 
trates the mode of occurrence of the fossils : — 

Grey shale with bands and nodules of ironstone, numerous sbeUa. 

Combe Coal. 

Underclay (clunch) passing laterally into shale with ahelU. 

Top Hard Coal. 


The following lists enumerate the fossils from this horizon : — 


MOLLUSCA. 


Naiadites modiolaris (Sow.). 
„ carinata (Sow.). 

„ triang'ularu (Sow.). 


Carhmiicola aquilina (Sow.). 

„ similia (Brown). 

„ nucularia (Hind.). 
Anthracomya modiolaris (Sow.). 

99 . WiUiamsoni (Brown). 


pish. 

a solitary scale ; Gedling Colliery. 
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Colliery. 


Ccdamites sucko^wii (Brongn.), 

Newstead 


„ varians (Sternb.), 

SphemphyUum cuneifolium^ var. 

— 

Gedling 

„ saxiiragaefolium (Sternb.), 

— 


Neuropieris gigantea (Sternb.), 

heterophylla (Brongn.), 

Newstead 

— 


Gedling 

„ obliqua (Brongn.), 

tt 

tt 

„ tenui folia (Schl.), 

— 

It 

Alethopteris lonchitica (Schl.), 

Newstead 


Mariopteris muricaia (Schl.), 

ti 

— 

„ latifoUa (Brongn.), 

»> 

Gedling 

Sigillaria laevigata (Brongn.), 

>> 

— 

„ rugosa (Brongn.), 

— 

Hucknall Torkard 

Lepidodendron aculeatum (Sternb.), 

Newstead 

ft 

Lepidophyllum lancifolium (I.(esq.), 

— 

Gedling 

,, cp. inter mediumy 

— 

ft 

LepidosirdbuSy sp., 

Stigmaria ficoidej^y 

Newstead 

ft 


ft 

Pinmdaria, sp., 

— 


Ttigonocarpus Parlcinsoni (Brongn.), 

Newstead 

tt 


Between the Top Hard Coal and the Deep Soft Coal exposures are 
scarce, consequently the number of fossil horizons known from these 
intermediate measures are few. 

Ninoty- eight yards helow the Top Hard Coal. — ^During the sinking 
of the new shaft to the Blackshale Coal at the Pinxton Colliery a pro- 
lific fish-bed was discovered in a black shale or impure cannel coal at 
this depth, which contained the following fossils: — 


FISH. 

AcantJiodes Wdrdi (Egert.), fin spines. 

Hhizodopsis sauroides (Willm.), scales, and excepting the head a nearly 
complete fish. 

Coclacmithus elegans (Newb.), scales, jugular plate. 

MegalicUhys Hihherfi (Agass.), scales, teeth, mandible with teeth. 

Diphfhui gibbosus (Agass.), teeth. 

Platysomus parvulus (Young.), scales. 

Ehnichihys, sp., scales. 

The following plants were also obtained at about the same depth : — 


PLANTS. 

Pecopteris Miltoni (Artis.). 

Neuroptsris gigantea (Sternb.). 

„ obliqua (Brong.). 


Seventy yards above the Deep Soft Goal. — From an exposure on 
this horizon in the Midland Eailway cutting at Pyebridge, Dr. L. 
Moysey, of Nottingham, has kindly sent me a number of shells, 
including the following. 

M0LLU8QA. 


Oarbonicola turgida (Brown.). 

„ aquilina (Sow.). 

„ subco7i8tricta (Sow.). 
Nuiadites modiolaris (Sow,). 
Anthracomya modioldria (Sow.), 

,, WilUarhffoni (Brown). 


3 H 2 
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C. turgida and A. modiolaris are Here the most common forms. 
The shells occur in black shales and have the periostracum preserved. 

Fifty yards above the Deep Soft Coal. — An exposure at Messrs. 
Oakes and Oo. ’s clay pit at Pyehill contains numerous shells, chiefly 
in the ironstone nodules from certain grey shales. The following were 
obtained: — 

MOLLUSOA. , 

Carhonicola aquilina (Sow.)- 

„ turgida (?) (Brown). 

„ nucularis (Hind.). 

Naiadites modiolaris (Sow.). 

Antliracomya modiolaris (Sow.). 

The fossils are all in the condition of internal casts in ironstone; 
C, aquilina and i. modiolaris being the only common species. 

Deep Soft Goal. — ^At Oinderhill Collie^ the black shale roof of this 
coal contains crushed shells, including: — 

MOLLUSGA. 

Carhonicola aquilina (Sow.). 

„ subconstricta (Sow.). 

as well as fish remains, including: — 

FISH. 

JRhizodopsis sauroides (Willm.). 

Coelacanihus elegans (Nowb.). 

Megcdkhihys Hihherti (Agass.). 

Beep Hard Goal. — At the Kadford Colliery a heavy, black fissile 
shale, said to form the floor of the seam, is rich in fish, as the following 
list shows: — 


AcantJiodes Wardi (Egert.), fin spines. 

Megalichthys Hihherti (Agass.), teeth, scales. 

Platysomus parmlm (Young), scales 

Bhizodopsis sauroides (Willrn.), scales, vertebrae. 

Goelacanthus elegans (Newb.), scales. 

EhadinicMliya Wardi (?) (Ward), scales. 

Ckeirodus granulosus (Young), palatal dentigerous bone. 

Ehnichthys Egertoni (Egert.), scales. 

Deep Soft and Deep Hard Goal. — In both these seams, at the part- 
ing between the coal and the roof, and more rarely in the seam itself, 
large fish remains, especially ichthyodorulites, are sometimes found. 

This horizon was discovered by Mr. T. G. Lees, manager of New- 
stead Colliery, in the workings of the Clifton Colliery. His collection 
includes the following species : — 

Gyracanthtts formosus (Agass,), spines. 

Ctenacanthus, sp., spines. 

Strepsodus sauroides (Binney), tooth. 

« MegaLkWiys Hkherii (Agass.), teeth, scales, vertebrae. 

This horizon also occurs at the Eadford Colliery, where the same 
epeeies have been obtained. In each case the remains are very much 
si^ than those from any other fish-bed in this district. 
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At Eadford Colliery the roof shales of these coals contain shells, 
including the following: — 

Anthracomya modiolaria (Sow.)* 

Naiadites carinafa (Sow.). 

Carhonicola nucnlaris (Bind). 

Many of these shells, especially the specimens of G. nuculariSi are 
infested with numerous spirorbis. 

At the Waingroves Colliery, Cross Hills, near Heanor, certain iron^ 
stone nodules, probably from below the Deep Soft Coal, contained the 
following shells: — 

Garbonicola acuta (Sow.). 

„ ovalis (Martin). 

A fish-bearing cannel coal, probably from the Deep Soft seam, con- 
tained the following : — 

Bhizodopsis sauroides (Willm.). 

GoelacantJms elegaus (Newb.). 

Megalichihys Hihherti (Agass.). 

Furnace Coal. — ^This seam is exposed in the floor of a brick pit 
close to the canal, near Cossall Marsh, Ilkeston. From the black roof 
shales of the coal, and from the overlying grey shales with ironstone 
nodules, the following fossils were obtained: — 

M0LLU8CA, 

Gafhonicola acuta (Sow.). 

„ acwto, var. rhomboidalis (Hind), 

„ aquilim (Sow.). 

„ turgida (fepwn). 

„ nuctduria (PEind). 

,, rdbusta {Sow.). 

Naiadites modiolaris (Sow.). 

Black Shale Goal. — At the Pinxton Colliery the black roof shales of 
this seam contain fish remains, but it is characterised by a profusion of 
shells, Carhonicola rohusta being the most common. The assemblage 
includes the following species of mollusca: — 

Garbonicola rohusta (Sow-). 

„ nucvlaris (Hind) . 

„ aquilina (Sow.). 

„ turgida (Brown). 

Naiadites, sp. 

This horizon, which extends over a large area, is of special interest 
on account of the large size to which the specimens of Naiadites attain. 

All the fossils have the shell substances preserved, and, although * 
frequently crushed, the hinge area is often clearly seen. 

The same coal at the Pyehill Colliery yielded the following plants : — 

‘ Aleihopteris loncJiitica (Schl.), 

„ valida (Bonlay). 

Lepidodendron Woriheni (Lesq.). 

Trigomcarpus, sp. 

Gordaianthns Pitcairniae (L. and H.). 
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Sixty yards above the Kilburn Goal. — Between the Blackshale Coal 
and the Kilburn Goal exposures are scarce. A brick pit at the Albany, 
north of Stapleford, shows a thin coal about 60 yards above the Kilburn 
Goal. From the ironstone nodules in the black shales overlying the 
coal the following mollusca have been obtained: — 

Naiadites '^nodiolaris (Sow.). 

Garbonioola aquilina (Sow.). 

„ rdbusta (Sow.). ^ 

In addition, a solitary scale of Coelacanthus eleyans (Newb.) was 
found. The floor of the brick pit is a very hard, massive, ripple- 
marked bed of ganister-like sandstone containing numerous specimens 
of Carbonicola aquilina. This is the first occasion known to the writer 
of the occurrence of the mud-loving genus Garbonicola in an arena- 
ceous rock. 

Kilburn Goal. — ^The Survey record a fish-bed from the roof of this 
coal at the Denby Golliery. 

At the Horsley, Dale Abbey, Stanley, and Mapperley Collieries the 
black roof shales of this coal also contain fish remains. The list, 
which is still incomplete, includes the following : — 

Megalichthys Hihberii (Agass.). 

Bhizodopsis sa%iroides (Willm.). 

Sphenacanthus hybodoides (Egert.). 

Acanthodes Wardi (Egert.). 

Mlonichthys Egertoni (Egert.). 

CoelacaTUhiis elegans (Newb.). 

At the Trowell Moor Colliery a few shells occur, including: — 

Carbonicola similis. 

Naiadites modiolaris. 

The specimens of G. similis are identical in condition and size with 
those recorded from the Top Hard Coal. 

The roof shales of the Kilburn Coal in the new sinking at Loscoe 
Colliery, near Heancr, yielded a number of shells, including: — 

Garbonioola robusia (Sow.). 
n aquilina (Sow.). 

Honey croft Rahe. — ^In the Stanton district, on the outcrop of the 
Kilburn Coal, the abandoned open-cast workings in this rake contain 
specimens of Garbonioola robusia (Sow.). 

The roof shales of the Trowell Moor Colliery yielded the following 
plants : — 

Galamites cistii (Brongn.). 

„ rarnosus (Artis). 

„ sp. (external surface). 

SphenophyUum cuneifoUum (Sternb.). 

AletJio^eris hnchitica (ScbJ.). 

Mariopteris lalifolia (Brongn.). 

' „ ^ sp. 

Neuropteris likterophyUa (Brongn.). 

„ obliqua (Brongn.). 
cmpa (Gutbier). 

LepidophyUuM lancifoUus (Lesq.). 

BUgmma ficoides, 

Pirmdaria, sp. 
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Ten yards above the Naughion Coal. — ^From this horizon a per- 
sistent shell bed in the Ilkeston district has yielded the following list : — 

Carbonicola acuta (Sow.). 

„ acutat var. rkomboidalis (Hind). 

„ aquilim (Sow.), 

n nucularis (Hind). 

„ robusta (Sow.). 

Naiadites modiolaris (Sow.). 

^ Antliracomya modiolaris (Sow.). 

„ laevis, var. scotica (R. Eth., junr.). 

Carbonicola actita and 0. aquilina were the most abundant species. 

Naughton Goal. — ^It has not been possible to add to the list of fish 
remains recorded by the Survey from the roof of this coal at the Kil- 
burn Colliery, although the fish-bed has been found to occur on the 
outcrop of the coal on Dale Moor, near Stanton. 

Dale Moor Rahe. — Some fifty years ago the ' bottom balls ' of 
this rake in the workings near Stanton yielded a large number of entire 
fishes in an excellent state of preservation. A number of these, 
including several type specimens, are preserved in the Museum of the 
Geological Survey, in the British Museum, and in the Binney collection 
at the Sedgwick Museum, Cambridge. 

The complete list is given below for the purpose of comparison with 
the lists from other fish-beds higher in the sequence: — 

Bhizodopsis sauroides (Willm.). 

Godacanthus elegans (Newb.). 

Flatysomus tenuistriat'us (Traq.). 

MhnicMhys Aitheni (Traq,). 

„ Binneyi (Traq.). 

MesoUpis Wardi (Young). 

„ microptera (Traq.). 

„ scataris (Young). 

Alton Goal. — ^The marine bed roof of this coal contains fish remains, 
both in the shale and in the pyritous nodules. Specimens have been 
collected from the following localities — the trial sinking at the Oakwell 
Colliery, Ilkeston, the abandoned colliery at Alton, and the outcrop of 
the seam at the Bullbridge brick pit at Ambergate. 

The list, which is incomplete, includes the following: — 

Hoplonchua, sp. 

Bhizodopsia aauroidea (Willm.). 

Bhadinichthys monensia (Egert.). 

Megalichthys intermedins (A. S. Woodw.). 

„ Hibberii (Agass.). 

Ehnichthys Egertoni (Egert.). 

„ sp. 

Coelacanthus (Newb.). 

Acanthodes sp. 

With the exception of the plants, the various lists of fossils recorded 
above are summarised in the following two tables in order to bring out 
more clearly the vertical range of each species and also the assemblage 
of fossils characteristic of the chief fossil horizons. 
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The Vertical Range of the Mollusca . — Of the twenty species of 
lamellibranohs recorded above, three are very common and range 
throughout more than 2,500 feet of strata, they arc: — 

Carhonicola aquilina. 

„ acuta. 

Naiadites modiolaris. 

The range of the following three species is also very wide : — 

r 

Garbonicola aimilis. 

„ turgida. 

AntJiracomya modiolaris. 

C. similis occurs in the roof of the Kilburn Goal and also in the roof 
of the Top Hard Goal some 1,300 feet above; but, in spite of repeated 
search, this shell has not yet been found in the intervening measures. 

Anthracomya PhilliysU appears to be restricted to the highest 
measures above the Top Hard Goal. The following four species have, 
up to the present, been found only in the middle portion of the sequence 
between the Mainbright Goal and the Deep Hard Coal : — 

Carhonicola obtuaa, 

„ suhconstricta. 

„ ovalis. 

Anthracomya Williamsoni, 

The lowest measures between the Deep Hard Goal and the base of 
the coal-measures are characterised by the presence of the following 
four species : — 

Carhonicola rdbusia. 

„ nucularis. 

„ acuta, var. rhomhoidalis. 

Anthracomya laevis, var. scotica. 

In addition to the species of mollusca recorded above, it has been 
observed that several intermediate varieties, showing gradational forms 
between two or more species, are by no means rare. 
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TABLE I. 

List of Fish Remains from the Chief Fish Beds. 


Species 


ELASMOBEANGHIT. 

I. — ACANTHODII. 

Acanthodes Wardi (Egert.) 

„ sp. 

n. — ICHTHYOTOMI. 

1 Diplodus (jihhosus (Agass.) 

In.-«^SELACH1I. 

i Pleuroplax Banhenei (Agass.) 

! SphenacanthiLs liyhodokles (Egert.) 

IV. — ICHTHYOBOBULITES, 

Gyracanthus formosiis (Agass.) 
CienacanthuSt sp. . 

Hoplonchus, sp. . . . 


TELEOSTOMI. 

I. — CBOSSOPTEBYGH. 

j Goelacanthus elegans (Newt.) . . . ( 

MegaUchthys JSibberti (Agass.) . . ! 

„ intermedins (A. S.Woodw.) ; 
Ehieodopsis sauroides (Willm.) 

Strepsodiis sauroides (Binney) 

n.~ACTlNOPTERYGII. 

Ehadinichthys monensis (Egert.) 

„ Wardi (Warde) 

Elonichihys Aitkeni (Traq.) 

„ Bimieyi (Traq.) 

„ Egertoni (Egert.), 

„ sp. 

Mesohpis Wardi (Toung) 

„ miaroptera (Traq.) 

„ scalaris (Young) 

Cheirodus granulosus (Young) 

Platysomus parvulus (Young) 

„ tenuistriatus (Traq.) 


1 U ol' ? i 1 

■s 




g-o i g-o 'Soifa, 



Alton Coal 



TAst of Ija7nellihrmichiata from the Chief Shell Beds. 
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Bbuce (A. B.) and Prof. T. B. Wood, 
the accuracy of feeding experiments, 
688 . 

the sampling of agricultural pro- 
ducts for analysis, 588. 

Bettob (Col. Sir D.) on the effect of dimate 
upon heoMh and disease, 290- 

Bbucb (Dr. W. S.), the exploration of 
Prince Charles Foreland, Spitsbergen, 
during 1906, 1907, and 1909, 650. 

- — plans for a second Scottish National 
Antarctic Expedition, 1911, 661. 

BETm!COH (Sir Lauder) on the effect of 
dmcde upon heatih and disease, 290. 

{Rpuf, G. H.) on the principles 
hi fi%ht, 536. 


Beycb (Rev. Dr. G.) on the ethnographic 
survey of Canada, 265. 

Beyob (Dr. P. H.) on the ethnographic 
survey of Canada, 265, 

BtrcKMASTBR (Dr. G. A.) on anmthetics, 
268. 

and J. A. Gardner on the rate of 

assumption of chloroform hy the blood, 
275. 

Bxtllbid (A.) on the lake villages in the 
neighbourhood of Glastonbury, 258. 

Bxjllbb (Prof. A. H. R.) on the function 
and fate of the cystidia of Goprinus 
atramentarius, 774. 

Buried Tertiary valley, a, through the 
Mercian chalk range and its later 
‘ rubble drift,’ by Rev. Dr. A. Irving, 
616. 

Burst ALL (Prof.) on gaseous explosions, 
199. 

Burt (Cyril), experimental tests of general 
intelligence, 804. 

Burton (P. M.) on the erratic blocks of the 
British Isles, 100. 

BuShongo, the, of the Congo Free State, 
by E, Torday, 735. 

Butcher (Miss A. D.), the agency of 
notations in the development of the 
brain, 816. 


Caerwent, Monmouthshire, the excava- 
tions at, on the site of the Romano- 
British city of Venta Silurum, 1909- 
10, 732. 

Galidtis arenaria, semination in, by 
Dr. C. J. Patten, 037. 

Callendar (Prof. H. L.) on practical 
electrical standards, 38. 

on gaseous explosions, 199. 

radiation from flam-es, 214. 

*Galma glaucoides,^ the anatomy and 
physiology of, by J. T. Evans, 638, 

^Calorimeter, demonstration of, by Prof. 
J. S. Macdonald, 762, 

Cambrian rocks of Comley, Shropshire, 
some excavations among the, 1900, by 
B. 8, Cohhold, 113. 

Campbell (Dr. S. G.) on the effect of 
dimate upon health and disease, 290. 

Canada, the ethnographic survey of, report 
on, 265. 

Cancer, body metabolism in, report on, 
297. 

Cannan (Prof. E.) on the amount and dis- 
tribution of income [other than wages) 
hehw the incofie-tax exemption limit, 

170. 

the meaning of income, 682. 

*Carboxethyl group, the elimination of a, 
diiring the closing of the five membered 
ring, by A. D. Mitchell and Dr. L P. 
Thorpe, 669. 
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Cardiac muscle, ilie combination of cer- 
tain poisons with, by Br. H. M. 
Vernon, 769. 

Cardiganshire, the people of, by Prof. 
H. J. Fleure and T. C. James, 726. 

Carter (W. Lower) on the erratic hhclcs 
of the British Isles, 100. 

Castleton district of Derbyshire, the 
underground voters of the, by H. 
Brodrick, 662. 

Cave (C. J. P.) on the investigation of the 
%ipper atmosphere, 72. 

Chapmait (B. L.) on gaseous explosions, 
199. 

Chapman (Prof. S. J.), the fundamental 
implications of con&cting systems of 
public aid, 685. 

Chappell (Cyril) and Frank Hodson, 
the influence of heat treatment on the 
corrosion, solubility, and solution pres- 
sures of steel, 566. 

*Gharnwood rocks, the microscopical and 
chemical composition of, interim report 
on, 618. 

Chemical Section, Address by J. E. Stead 
to the, 549. 

♦Chipping Norton limestone, an un- 
described fossil from the, by Marma- 
duke Odling, 606. 

Chloroform, the rate of assumption of, hy 
the hhod, Dr, G. A. Buckmaster and 
J, A, Gardner on, 276. 

Chbeb (Br. C.) on magnetic ohservations at 
Falmouth Observatory, 74. 

on atmospheric electricity, 636, 

on the rate of propagation of mag- 
netic distm’bances, 547. 

Chromosome reduction in the hynxeno- 
mycytes, by Harold Wager, 775. 

Circularly polarised light, apparatus for 
the production of, A. F. Oxley on, 535. 

Clare Island, the surveifof, report on, 301. 

Clerk (Bugald)ow gaseous explosions, 199. 

Climate, the effect of, upon health and 
disease, :ourth report on, 290. 

Clinch (George), some unexplored fields 
in British archseology, 738. 

Close (Major 0. F.) on the measurement 
of a further portion of the geodetic arc 
of meridian north of Lake Tanganyika, 
75. 

♦Coal, the provident use of, by Prof. H, E. 
Armstrong, 564. 

OOBBOLD (E. S.) on excavations among the 
Canibrian rocks of Comley, Shropshire, 
1909, 113. 

Coccidia and coccidiosis m birds, by Br. 
H. B. Fantham, 632. 

Coker (Prof. E- G.) on gaseous explosions, 
199. 

the cyclical changes of temperature 

in a gas-engine cylinder near the walls, 
710. 


Coker (Prof. E. G.) the optical deter- 
jnination of stress, 711. 

Cole (Prof. G.) on the survey of Clare 
Island, 301. 

Coleman (Prof. A. P.), Address to the 
Geological Section, 691. 

Coleosporium, pseudomitosis in, Prof. 
V. H. Blackman on, 776. 

Collins (S. H.), the application of the 
theory of errors to investigations on 
milk, 689. 

Colour inheritance in Anagallis arvensis, 
L., by Prof. F. E. Weiss, 779. 

Compressed air illness, discussion on, 756. 

Leonard Hill on, 755. 

Concealed coalfield, the, of Notts, Berby- 
shire, and Yorks, discussion on, 608. 

Prof. P. F. Kendall on, 608. 

Br. Walcot Gibson on, 609. 

Convergence of certain series used in 
electron theory, Prof. A. W. Conway 
on the, 529. 

Conway (Prof. A. W.) on the convergence 
of certain series used in electron 
theory, 529. 

♦Cook (G.), experimental investigation of 
the strength of thick cylinders, 713. 

Goober (Miss) on the establishment of a 
system of measuring mental characters, 
267. 

Co-operative credit banks, by H. W. 
Wolff, 684. 

Copeman (Br, S. M.) on body metabolism 
in cancer, 297. 

ferro-silicon and the possible danger 

of its transport and storage, 565. 

Coprinus atrameniarius, the function and 
fate of the cystidia of. Prof. A. H. B, 
BuUer on, 774. 

♦Coral snakes and peacocks, by Br, H. F. 
Gadow, 636. 

Corresponding Societies Committee : — 

Report, 311, 

Conference in Sheffield, 312. 

List of Correspondvng Societies, 322. 

Papers published by Corresponding 
Societies, 327. 

Corrosion of iron and steel, the, hy J. N« 
Friend, 566. 

OoRSTORPHiNB (Br. G. S.) on South 
African strata and on the question of 
a uniform strattgraphiccd nomendahire, 
123. 

on topographical and geological terms 

used locally in South Africa, 160. 

CosSAR (James), a regional survey of 
Edinburgh, 661. 

Cotton growing, within the British Em- 
pire, by J. H. E.eed, 666. 

Cotton-mill accidents, statistics of, by 
H. Vemey, 692., 

CoTJRTHOPB (G. L.), the financial aspect of 
the proposed sugar-beet industry,, 580., 
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CowAK (E. W.), tlie price of electricity, 
080. 

Crawfobd (0. G. S.), the Andover 
region ; the geographical aspect of its 
present conditions, 661. 

Obbak (Capt. E. W.) on magnetic ohser- 
vations at Falmouth Observatory, 74. 
Cretan anthropometry, a report on, by 
G, B. Hawes, 228. 

Crete, archoeological and ethnological re- 
searches in, interim report on, 228. 
Critical sedions in the Palaeozoic rocks of 
Wales and the West of England, report 
on the excavation of, 113. 

Cbook (C, V.), on the collection of photo- \ 
graph^ of geological interest, 142. 

Obooke (W.), Address to the Anthro- 
pological Section, 714. 

Obossley (Prof. A. W.) on the study of 
hydro-aromatic substances, 82. 
Cbowtheb (Dr. Charles) and A. G. 
BitrsTON, impurities in the atmosphere 
of towns and their effects upon vegeta- 
tion, 677. 

Cbowtheb (Dr. J. A.) on the number of 
electrons in the atom, 524. 

Crystalline rocks of Anglesey, the compo- 
sition and origin of the, fifth report on, 
110 . 

Crystalline structure of iron at high tem- 
peratures, the, by Dr. W. Eosenhain, 
567. 

CiTLPiijr (H.), marine bands in the York- 
shire coal measures, 610. 

Cttlvebwell (Prof. E. P.) on the mental 
and physical factors involved in educa- 
tion, 302. 

CtTNNiHGHAM (Lt.-Col. A.), two notes on 
theory of numbers, 629. 

Cup- and ring-markings and spirals: 
some notes on the hypogeum at Hal- 
saflieni, Malta, by Eev. H. J. D. 
Astley, 733. 

CtTBBBLLY (0. T.) 0 % archcBological in- 
vestigations in British East Africa, 256. 
Cyclical changes of temperature in a 
gas-engine cylinder near the walls. 
Prof. E. G. Coker on the, 710. 
♦CJyrenaica, the geology of, by Prof. J. W. 
Gregory, 605. 


Daetk (Dr. W. J.) on the biology of 
teleost and elasmobranch eggs, 631. 

Dalby (Prof. W. E.) on gaseous explosions, 
199. 

Address to tbe Engineering Section, 

693, 

— — :-on the direct measurement of tbe 
rate ol air or gas supply to a gas 
meens of an orifice and 


Daniels (G. E.) on the mental and physical 
factors involved in education, 302. 

♦Danish system of farming, costs in the, 
by Christopher Tumor, 687. 

Dabwin (Dr. F.) on the experimental 
study of heredity, 300. 

on a now method of observing 
stomata, 786. 

Dabwin (Sir George) onseismological in- 
vestigations, 44. 

on the measurement of a further 

portion of the geodetic arc of meridian 
north of Lake Tanganyika, 75. 

Dabwin (H.) on seismological investiga 
tions, 44. 

Darwin (Major L.) on seismological in- 
vestigations, 44. 

♦Darwin (Miss N.) and Dr. F. F. Black- 
man, germination conditions and the 
vitality of seeds, 786. 

Davis (J. K.), the voyage of the ‘ Nimrod* 
from Sydnev to Monte Video, May 8- 
July 7, 1909, 652. 

Dawkins (Prof. W. Boyd) 07i the lake 
villages in the neighbourhood of Qlaston- 

I b%(,ry, 258. 

on the age of stone circles, 264. 

♦Dawson (Philip), the electrification of 
the London, Brighton, and South Coast 
Railway between Victoria and London 
Bridge, 709. 

Dbndy (Prof. A.) on the occupation of a 
table at the marine laboratory, Plymouth, 
168. 

♦Density and refractive index, the relation 
between, by Dr. T. H. Havelock, 534. 

Derbyshire and Nottinghamshire coalfield, 
the fossil fauna and flora of the Southern 
portion of the, by B, D, Vernon, 827. 

Desch (Dr. 0. H.) 07i dynamic isomerism, 
80. 

Digby (Miss L.) md Prof. J. B. Farmer 
on the somatic and hetorotype mitosos 
in Galfo7iia candic/ms, 778. 

Dines (W. H.) on the mvestigation of the 
upper atmosphere, 72. 

observations on the upper atmo- 
sphere during the passage of the 
earth through the tail of Halley’s 
comet, 644. 

Discussions ; — 

On the Ordnance and Geological Survey 
maps and the enhanced prices, 320. 

On gaseous combustion, 501. 

♦On "the principles of mechanical 
flight, 536. 

On atmospheric electricity, 536. 

♦On the neglect of science by industry 
and commerce, 562. 

On the magnitude of error in agricul- 
tural experiments, 587. 

On the concealed coalfield of Notts, 
Derbyshire, and Yorks, 608. 
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Discussions : - 

*On research in education, 729. 

On compressed-air illness, 755. 

On the biochemistry of respiration, 762. 

On speech, 816. 

Dissociation of oxy-hmmoglohin at high 
altitudes, report on the, 280. 

Divers (Dr. E.) on the study of hydro- 
aromatic substances, 82. 

Divided parielill, a rare form of, in the 
cranium of a chimpanzee, by Prof. 
0. J. Patten, 736. 

Dixon (E. E. L.), the geology of the 
Titterstone Glee Hills, 611. 

Dixon (Prof. H. B.) on gaseous explosions, 
199. 

Dobbie (Dr. J. J.) on dynamic isomerism, 
80. 

♦Dobie (Dr. Murray), microphotographs 
of muscle, 767. 

Dodwell (Henry), economic transition in 
India, 681. 

Drift soils of Norfolk, the, by L. F. 
Newman, 586. 

Duckworth (Dr. W. L. H.) on archaeo- 
logical and ethnological researches in 
Crete, 228. 

observations on 104 school-children 

at Vori and at Palaikastro in Crete, 
237. 

remarks on, by C* E. Hawes, 

251. 

on archaeological and ethnological 

investigations in Sardinia, 264. 

on some anatomical specimens of 

anthropological interest prepared by 
means of a new microtome, 729. 

Ductless glands, report on the, 267. 

Dupfield (Dr. W. G.) on establishing a 
solar observatory in Australia, 42. 

on the provision for the study of 

astronomy, meteorology, and geophysics 
m British universities, 77. 

Du Toit (A.) on topographical and geo- 
logical terms used locally in South 
Africa, 160. 

Dwerryhouse (Dr. A. R.) on the erratic 
blocks of the British Isles, 100. • 

on the fossil flora and fauna of the 

Midland coalfields, 827. 

Dynamic isomerism, report on, 80. 

Dyson (Wm. H.), the occurrence of 
marine bands at Maltby, 610. 


Economic Science and Statistics, Address 
to the Section of, by Sir H. LI. Smith, 
664. • 

Economic transition in India, by H. 
Dodwell, 681. 

Economics, the teaching of, in university 
riitorial classes, by A. Mansbridge and 
Hi. H. Tawney, 691. 

1910. 


Edgeworth (Prof. F. Y.) on the amount 
and distribution of income {other than 
wages) below the income-tax exemption 
limit, 170. 

Edinburgh, a regional survej^ of, by James 
Cossar, 661. 

Education, the mental and physical factors 
involved in, report on, 302. 

Educational handwork : an experiment 
in the training of teachers, by James 
Tipping, 810. 

Educational Section, Address by Prin- 
cipal H. A. Miers to the, 789. 

Egypt, the people of, by Prof, G. Elliot 
Smith, 727. 

Elasmobranch and teleost eggs, the 
biology of, Dr. W. J. Dakin on, 631. 

Electrical measurements, experiments for 
improving the construction of practical 
standards for, report on, 38. 

Electrical standards, Order in Council 
relating to, 40. 

Electricity, the price of, by E. W. Cowan, 
680. 

♦Electrification, the, of the London, 
Brighton, and South Coast Railway 
between Victoria and London Bridge, 
by P. Dawson, 709. 

Electrified spheres, the initial motions 
of, by Dr. J. W. Nicholson, 530. 

Electroanalysis, report on, 79. 

tElectro-mechanics, the laws of, by Prof. 
S. P. Thompson, 712. 

Electromotive phenomena in plants, report 
on, 281. 

Electron theory, the convergence of 
certain series used in, Prof. A. W. 
Conway on, 529, 

Electrons in the atom, the number of, 
by Dr. J. A. Crowther, 524. 

Elementary school system, some effects 
of the extension of the, on the English 
character, by S. F. Wilson, 816. 

Elliptic functions, the trisection of the, 
Dr. H. F. Baker on, 528. 

Ellison (Dr. F, O’B.) on electromotive 
phenomena in plants, 281. 

Endophytic oyanophycese and nitrogen- 
fixing bacteria, the association of 
certain, by Prof. W. B. Bottomley, 786. 

Engineering Section, Address by Prof. 
W. E. Dalby to the, 693. 

Erratic blocks of the British Isles, report 
on the, 100. 

Error of experiment in agricultural field 
trials, the, by A. D. Hall and Dr. E. J. 
Russell, 588. 

Etherton (Lieut. P. T.), through the 
heart of Asia from India to Siberia, 658. 

Ethtiographic survey of Canada, report 
oh the, 265. 

Ethnological and archceological investiga- 

i lions in Sardinia, report on, 264. 

S I 
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Ethnological and archmhgical re3earche^ 
in Crete, interim report on, 228. 

Evans (Dr. A. J.) on archmological and 
ethmlogiml researches in Crete, 228. 

on the laJce villages in the neighbour- 
hood of Qlastohburj/, 258. 

on the age of stone circles, 264. 

Evans (E. J.), Dr. W. Makoweb, and Dr. 
S. Ettss on the recoil of radium B 
from radium A, 541. 

♦Evans (J. T.), the anatomy and physio- 
logy of Calma glaucoidea, 638. 

Ewabt (Prof. J. Cossar) on zoology 
organisation, 168. 

Excavations at Caerwent, Monmouth- 
shire, on the site of the Bomano- 
British City of Venta Silurum in 1909- 
10, Dr. T. Ashby on the, 732. 
Excavations at Hagiar ICim and Mnaidra, 
Malta, by Dr. T. Ashby, 732. 
♦Excavations at Memphis, the, by Prof. 

W. M. F. Petrie, 728. 

Excavations in Thessaly, 1910, by A. J. 

B. Wace and M. S. Thompson, 731, 
Excavations on Roman sites in Britain, 
report on, 227. 

Exogamy, a sidelight on, by Miss A. 
0. Fletcher, 734. 

♦Experimental results, the interpreta- 
tion cf, by Prof. T. B. Wood and F. 

M. Stratton, 687. 

Experimental tests of general intelligence, 
by Cyril Burt, 804. 

Experimental work on intelligence, by 
H. S. Lawson, 806. 

Eyre (Dr. J. Vargas), report on solubility, 
425. 

FaIiOONBR (Dr. J. D.), outlines of the 
geology of Northern Nigeria, 604, 

the origin of some of the more 

characteristic features of the topo- 
graphy of Northern Nigeria, 649. 
Faixaizb (E. N.) on the preparation of 
a new edition of * Notes and Queries in 
Anthropology,'’ 266. 

Ralmouth Observatory, report on magnetic 
observations at, 74. 

Fantham (Dr. H. B,), coccidia and 
coccidiosis in birds, 63^ 

Farm livestock, ‘points in,* and tbeir 
value to the scientific breeder, by 
K. J, J. Mackenzie, 584. 

Farmer (Prof. J. B.) on electromotive 
pheTtomena in plants, 281. 

and Miss L, Dioby, on the somafio 

and heterotype mitoses in Qalionia 
mrdicans, 778. 

Fanned s^ll^ccess%on in the Lower Carboni- 
f^om, limestone (Avonian) of the 
BriUsh Xshs, report of the Committee to 
A, tm^mn to continue Ms 


Fearnsibes (W. G.) on the excavation 
of critical sections in the Palaeozoic 
rocks of Wales and the West of England, 

113. 

and Dr. J. E. Marb, on the Lower 

Pal 830 zoic rocks of the Cautloy district, 
Sodbergh, 603. 

Feasey (J. E.), outdoor work for schools 
of normal type, 813. 

Feeding experiments, the Accuracy of, by 
Prof. T. B. Wood and A. B. Bruce, 588. 

Feeding habits of British birds, second 
report on the, 169. 

Ferro-silicon and the possible danger of 
its transport and storage, by Dr. S. M. 
Copeman, 565. 

Fkey (Prof. 0.), an auto-collimating and 
focussing prism, and a simple form of 
spectrograph, 537. 

♦Fessenden (]?rof.), the utilisation of 
solar radiation, wind power, and other 
natural sources of energy, 713. 

Field (Prof. J. 0.) on the theory of the 
ideals, 533. 

Files, the testing of, by Prof, W. Bipper, 
.'70S. 

Filioales, two synthetic genera of, Prof. 
F. 0. Bower on, 781. 

Filon (Dr. L. N. G.) on the further tabula- 
tion of Bessel functions, 37. 

Findlay (Prof. J. J.) on the mental and 
physical factors involved in education, 
302. 

Fitzpatriok (Bev. T. 0.) on practical 
electrical standards, 38. 

Fleming (Prof. J. A.) on practical 
electrical standards, 38. 

Fletob^b (Miss Alice C.), archaeological 
activities in the United States of 
America, 730. 

a sidelight on exogamy, 734. 

Flbubb (Prof. H. J.J and T. C. Jamjcs, 
the people of Cardiganshire, 726. 

Foci of a circle in space, the, and some 
geometrical theorems connected there- 
with, by H. Bateman, 532. 

Fobbbs (Dr. H. 0.) on archaeological 
investigations in British East Africa, 
256. 

Fobsteb (Dr. M. 0.) on dynamic iso- 
merism, 80. 

on the study of hydro-aromatic 

substances, 82. 

♦Fossil, an undescribed, from the Chip- 
ping Norton limestone, 606. 

Fossil fauna and flora of the southern 
portion of the Derbyshire and Notting- 
hamshire €oalfie^>, B, D. Vernon on the, 
827. 

Fossil flora arid fauna of the Midland 
coedfieMs, report on the, $27. 

Fossil flower, the, Miss M. 0. Stopes 
on, 783. ‘ 
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Fossil plants, the structure of, report on, 

301. 

Fossils, some rare, from the Derbyshire 
and Nottinghamshire coalfield, L. 
Moysey on, 613. 

Foster (Prof. G. Carey) on practical elec- 
trical standards, 38. I 

Fox (W, L.) on magnetic observations at ! 

Falmouth O^ervatory, 74. 

Foxley (Miss B.) on the mental and 
physical factors involved in education, 

302. I 
Franks (Sir Kendal) on the effect of \ 

dimate upon health and disease, 290. 
Fraser (Miss H. C. I.) and John Snele, i 
vegetative mitosis in the bean, 777. 
Friend (J. Newton), the corrosion of 
iron and steel, 666. 

♦Functions derived from complete and 
incomplete lattices in two dimensions - 
and the derivation therefrom of I 
functions which enumerate the two j 
dimensional partition of numbers. 
Major P. A. MacMahon on, 526. ; 


♦Gadow (Dr. H. F.), coral snakes and j 
peacocks, 636. 

Oaltonia candicans, the somatic and 
heterotype mitoses in, Prof. J. B. 
Farmer and Miss L. Digby on, 778. 
Gardiner (0. I.) on the igneous and 
associated rocks of the Glensaul and 
Lough Nafooey areas, cos. Mayo and 
Oalway, 110 . 

Gardiner (Prof. J. Stanley) on the | 
biological problems incidental to the | 
Innishea whaling station, 168. I 

Gardner (J. A.) on anaesthetics, 268. j 

and Dr. G. A. Buokmaster on the j 

rate of assumption of chloroform by the i 
bhod, 276. • I 

Garson (Dr. J. G.) on the age of stone \ 
circles, 264. i 

on the work of the Corresponding | 

Societies Committee, 311. i 

♦Garstang (Prof. W.), some experiments j 
and observations on the colours of ; 
insect larvae, 634. 

Garwood (Prof. F. J.) on the collection i 
of photographs of geological irUerest, 142. j 
OaseoTiS combustion, report on, by I)r. i 

W. A, Bone, 469 ; discussion, 601. | 

Qaseovbs explosion, a, radiation in, by 
B. Hopkinson, 221. 

GcLseous explosions, third report on, 199. 
Geikib (Prof. J.) on 4he collection of 
photographs of geological interest, 142, 
Geodetic arc of meridian north of Lake 
Tanganyika, report on the measurement 
of a further portion of the, 75. 
Geographical Section, Address by Prof. 
A. J, Herbertson to the, 640. 


Geological and topographical terms used 
locally in South Africa, report on th ’ 
precise significance of, 160. 

Geological photographs, seventeenth report 
on the collection of, 142. 

Geological Section, Address by Prof. 
A. P. Coleman to the, 591. 

♦Geology of Cyrenaica, the, by Prof, 
J. W. Gregory, 605. 

Geology of Natal, Dr. F. BL, Hatch on 
the, 604. 

Geology of Northern Nigeria, outlines of 
the, by Dr. J. D. Falconer, 604. 

♦Geology of Sheffield, the, by Cosmo 
Johns, 652. 

Geology of the Titterstone Clee Hills, the, 
by E. E. L. Dixon, 611. 

Geophysics, astronomy, and meteorology, 
the provision for the study of, in British 
universities, report on, 77. 

George (Dr. T. G.) and Dr. Dawson 
Turner, some experiments on the 
effects of X-rays in therapeutic doses 
on the growing brains of rabbits, 759. 

♦Germination conditions and the vitality 
of seeds, by Miss N. Darwin and Dr. 
F. F. Blackman, 786. 

Gibson (Dr. Walcot) on South African 
strata and on the question of a uniform 
strafigraphiccd nomenclature, 123. 

the coal measures of the concealed 

Yorks, Notts, and Derbyshire coal- 
field, 609. 

Gild (Sir David) on establishing a solar 
observatory in Australia, 42. 

on the measurement of a further 

portion of the geodetic arc of meridian 
north of Lake Tanganyika, 75. 

Giminqham (C. T.), the scouring or 
‘ teart * lands of Somerset, 586. 

Glaciated rocks of Ambleside, the, by 
Prof. E. Hull, 606. 

Glastonbury, the lake villages in the neigh- 
bourhood of, report on, 268. 

Glazbbrook (Dr. R. T.) on practical 
electrical standards, 38. 

on seismohgical investigations, 44, 

— ^ on the investigation of the upper atmo- 
sphere, 72. 
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the provision for the study of, in British 
universities, report on, 77. 

Meumann (Prof. E.) on testing intelli- 
gence in children, 808. 

Microohemistry, the, of the spermatic 
elements in vertebrates, by Prof. A. B. 
Macallum, 767. 

Midland coalfields, the fossil flora and 
fauna of the, report on, 827. 

Miers (Principal H. A.) on the study of 
isomorphous sulphonic derivatives of 
benzene, 100. 

Address to the Educational Section, 

789. 

Milk, investigations on, the application 
of the theory of errors to, by S. H. 
Collins, 589. 

IVIiLLS (Prof. Wesley), the essentials of 
voice production, 817. 

Milne (Dr. J.) on seismohgical investi- 
gations, 44. 

Milner (Dr. S. R.), the series spectrum 
of the mercury arc, 534. 

Milton (J. H.) on the erratic hhcks of the 
British Isles, 100. 

IVfiNCHiN (Prof.) on zoology organisation, 
168. 

♦Minot (Prof. C. S.), comparison of the 
early stages of vertebrates, 634. 

♦ the morphology and nomenclature 

of the blood corpuscles, 760. 

Mitchell (Sir A.) on the effect of climate 
upon health and disease, 290. 

♦Mitchell (A. D.) and Dr. J. F. Thorpe, 
the elimination of a carboxethyl group 
during the closing of the five-membered 
ring, 569. 

Mitchell (Dr. P, C.) on zoology organisa- 
tion, 168. 

Mitchelstown caves, further exploration 
of the, 1908-10, by Dr, C. A. Hill, 
663. 

Mitokinetism, the new force, by Prof. 
Marcus Hartog, 628. 

j Molecular association, the problem of ; 
I. The affinities of the halogen ele- 
ments, by W. E. S. Turner, 570. 

Molecular association in water, illus- 
trated by substances containing the 
hydroxyl group, by W. E. S. Turner 
and C. J. Peddle, 569. 

Molecular complexity of nitrosoamines, 
the, by W. E. S. Turner and E. W. 
Merry, 569. 

Molenoraap (Dr.) on South African 
strata and on the question of a uniform 
stratigraphical nomenclature, 123, 
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Molynetjx (A. J. 0.) on Soiith African 
strata avd on the question of a uniform 
stratigraphical nomenclature, 123. 
Montgombby (Prof. H.) on the ethno- 
graphic survey of Canada, 265. 

Mobgak (Prof. 0. Lloyd) on zoology 
organisation, 168. 

Mobsb (Pr. M.) and Prof. P. S. Lee, the 
summation of stimuli, 758. 

Motor traffic, fast and heavy, the adapta- 
tion of roads to, hy T, jR. Wilton, 316. 
Mourning dress, E. S. Hartland on, 737. 
Moysey (L.) on some rare fossils from the 
Derbyshire and Nottinghamshire coal- 
field, 613. 

Meiehead (Dr. A.) on practical electrical 
standards, 38. 

MxnsTBO (Dr. R.) on the lake villages in the 
neighbourhead of Glastonbury, 258. 

on the age of stone circles, 264. 

Mebbay (Dr, C. E, K.) on the effect of 
climate upon health and disease, 290. 
♦Muscle, microphotographs of, by Dr. 
Murray Dobie, 767, 

Muscular and merdal fatigue, interim 
report on, 292, 

Muscular fatigue, Frof» J. S, MacDonald 
on, 292. 

Myebs (Dr. 0. S.) on the preparation of 
a new edition of ‘ Notes and Queries in 
Anthropology,'* 266. 

on the establishment of a system of 

measuring mental characters, 267. 

— — - the pitfalls of * mental tests,’ 808« 
Mybes (Prof. J. L.) on excavations on 
Moman sites in Britain, 227. 

on archcBohgical and ethnological 

researches in Crete, 228. 

on archaeological investigations in 

British East Africa, 256. 

on the coUedion of photographs of 

mihropohgiccd interest, 257. 

— on archaeological and ethnological 
investigations in Sardinia, 264. 

on the ethnographic survey of Canada, 

265. 

* on the preparation of a new edition 

of * NoUs and Queries in Anthropology,* 

266. 


Natal geology, Dr. P. H. Hatch on, 604. 
Native pottery methods in the Anglo- 
%fptian Sudan, by G. W, Grabham, 
729. 

♦Ne^ect of science by industry and com- 
merce, the, discussion on, 562. 
Neolithic site in the Southern Sudan, a, 
by Ibr. 0. G. Seligmann, 728. 
♦Neurogenic origin of normal heart 
sttedus, by Dr. J. Tait, 762. 

(A. H,), a search for the father- 
::l|»i|''M^%l^esians, 734 


Newman (L. ¥.), the drift soils of Norfolk, 
586. 

Newsteab (E.) on the feediw habits of 
British birds, 100. 

Nkjhoeson (Dr. J. W.) on the further 
tabulation of Bessel functions, 37. 

the initial motions of electiifiod 

spheres, 530, 

radiation pressure in cosmical prob- 
lems, 544. r 

* Nimrod,’ the voyage of the, from 

Sydney to Monte Video, May 8- 
July 7, 1909, by J. K. Davis, 652. 

♦Nitro chloro, the, and the dichloro toluene 
sulphonic acids, by Dr. X Kenner and 
Prof. W. P. Wynne, 570. 

Nitrogen, the fixation of, by free living 
soil bacteria, by Prof. W. B. Bottomley, 
581. 

Nitrogen fixation in the root nodules of 
leguminous plants, the nature of, J. 
Golding on, 582. 

Nitrosoamines, the molecular complexity 
of, by W. E. S. Turner and E, W. 
Merry, 569. 

Non-EucHdean bibliography, the need of 
a. Dr. D. M. Y, Sommerville on, 531. 

Norfolk, the drift soils of, by L. F. 
Newman, 686. 

Northern India, the cause of .gravity 
variations in, by Prof. Sir T. H. 
Holland, 607. 

Northern Nigeria, outlines of the geology 
of, by Dr. J. D. Falconer, 604. 

the topography of, the origin of 

some of the more characteristic features 
of, by Di% J. D. Falconer, 649. 

Notations, the agency of, in the develop- 
ment of the brain, by Miss A. 1), 
Butcher, 816. 

* Notes and Queries in Anthropology,* report 

on the preparation of a new edition of, 
266. 

Nunn (Dr. T. P.) on the menial and 
physical factors involved in education, 
302. 

* the teaching of algebra, 802. 


Oat kernel, the fatty substances in, by 
Prof. E. A. Berry, 579. 

♦Odling (Mabmaduke), an undescribed 
fossil from the Chipping Norton lime- 
stone, 605. 

Oldham (E. D.) on seismological investi- 
gations, 44. 

OmvBE (Prof, W.) oti the structure of 
fossil plants, 301. 

* on the diversity of structures 

termed pollen-chambers, 784. 

Ophioghssum palmatum, Prof. F, 0. 
Bower on, 781. 
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Optical determination of stress, the, hy 
Prof. E. G. Coker, 711. j 

Optical projection, some methods of, hy ■ 
Dr, Tempest Anderson, 312, I 

Ordnance and Geological Survey maps, the, 
and the enhanced prices, discussion on, 
320. 

Okmebod (H. a.) and A. M. Woodwabd, 
a group of prehistoric sites in S.W. 
Asia Minor, 'l&O. 

Orton (Prof. K. J. P.) on the transfor- 
mation of aromatic nitroamines and 
allied substances, and its relation to 
substitution in benzene derivatives, 85. 

on the crystalline rocks of Anglesey, 

110 . 

Outdoor work for schools of normal type, 
by J. E. Peasey, 813. 

Oxford anthropometric laboratory, first 
results from the, by Dr. E. Schuster, 
633. 

Oxley (A. P.) on apparatus for the pro- 
duction of circularly polarised light and | 
on a new form of white light half -shade, I 
635. I 

Oxydases, by Dr. E. P. Armstrong, 764. I 
Oxydases and degenerative enzymes in j 
the plant, the stimulation of, by Dr. I 
E. P. Armstrong, 764. 

Oxy-hcemoglobm, the dissociation of, at . 
high altitudes, report on, 280. I 

i 

Talaeozoic rocks of Wales and the West of \ 
England, the excavation of critical sec- ! 
tions in the, report on, 113. ■ 

Parthenogenesis, artificial, in Strongylo- 
centrotus purpuratus, a cytological i 
study of, by Dr. E. Hindle, 630. ! 

Patten (Dr, C. J.) semination in Oalidris \ 
arenaria, 637. 

a rare form of divided parietal in the : 

cranium of a chimpanzee, 736. 

Peddle (0. J.) and W. E. S. Txjeneb, 1 
molecular association in water, illus- 
trated by substances containing the 
hydroxyl group, 569. j 

Pebkin (Dr. P. M.) on electroanalysis, ' 
79. j 

* the action of metals upon alcohols, i 

570. : 

Pebkin (Prof. W. H.) on the study of j 
hydro-aromatic substances, 82. i 

Permutation group, a certain, Dr. H. P. ; 

Baker on, 526. | 

Pebby (Prof. J.) on practical electrical | 
standards, 38. | 

on seismological inv^tigations, 44. 

on the work of the Corresponding \ 

Societies Committee, 311. 

Perseveration as a test of the quality of 
intelligence, and apparatus for its 
measurement, by John Gray, 805. 


Petavel (Prof. J. E.) on the investiga- 
tion of the upper atmosphere, 72. 

on gaseous explosions, 199. 

*Peteib (Prof. W. M. Minders), the 
excavations at Memphis, 728. 

Photoelectric fatigue, bv Dr. H, S. Allen, 
538. 

Physical and Mathematical Section, 
Address bv Prof. E. W. Hobson to the, 
509. 

Physiological Section, Address by Prof. 
A. B. Macallum to the, 740. 

Planetary development, the pre-ooeanic 
stage of, and its bearing on earliest 
iiistory of the lithosphere and the 
hydrosphere, by Rev. Dr. A. Irving, 
617. 

Plant distribution in the woods of North- 
East Kent, by M. Wilson, 787. . 

Pleochroic halos, by Prof. J. Joly, 604. 

Plummeb (W. E.) on seismological in- 
vestigations, 44. 

Plymouth marine laboratory, report on the 
occupation of a table at the, 168. 

‘ Points ’ in farm livestock and their 
value to the scientific breeder, by K. J. 
J. Mackenzie, 584. 

Pollen-chambers, structures termed, the 
diversity of, Prof. P. W. Oliver on, 784. 

♦Polynesians, a search for the fatherland 
of the, by A. K. Newman, 735. 

Pope (Prof. W. J.) on electroanalysis, 79. 

on the study of isomorphous sulphonic 

derivatives of benzene, 100. 

PoBTEB (Dr. 0.) on the effect of climate 
upon health aiid disease, 290. 

Positive rays, by Prof. Sir J. J. Thomson, 
522. 

Potato tuber, some troublesome diseases 
of the, by A. S. Home, 578. 

Poult ON (Prof. E. B.) on zoology organ- 
isation, 168. 

Pound (V. E.) on the secondary radiation 
from carbon at low temperatures, 
538. 

Poverty figures, the, by Prof. D. H. Mac- 
gregor, 686. 

PoYNTiNG (Prof. J. H.) on seismological 
investigations, 44. 

Pbaegeb (R. Lloyd) on the survey of 
Clare Island, 301. 

Pbbeoe (Sir W. H.) on practical electrical 
statidards, 38. 

on magnetic observations at Falmouth 

Observatory, 74. 

on gaseous explosions, 199. 

Prehistoric monuments in the Scilly Isles, 
some, H. D. Acland on, 737. ^ 

Prehistoric sites in S.W. Asia Minor, 
a group of, hy A. M. Woodward and 
i H. Ormerod, 730. 
j ‘Pbiestley (J. H.) on the distribution of 
1 halophytes on the Severn shore, 787. 
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Primates, the temporal bone in, by Prof. 
R. J. Anderson, 639. 

sinensis, inheritance in, R. i?. 
Gregory on, 781. 

Prince Charles Foreland, SpiiBborgon, 
the exploration of, during 1906, 1907, 
and 1909, 650. 

Production and unemployment, by Miss 
Grier, 687- 

Proftt, the measurement of, by Prof. 
W. J. Ashley, 682. 

Public aid, the fundamental implications 
of conflicting systems of, by Prof. S. J. 
Chapman, 685. 

PtJNNETT (R. C.) on experiments in in- 
heritance, 169. 


Radiation, the effect of, on the height 
and temperature of the advective 
region, by E. Gold, 546. 

Radiation from flames, by Prof, E, L, 
Calhndar, 214. 

Radiation in a gaseous explosion, by B. 
Hophinson, 221. 

Radiation pressure in cosmioal problems, 
by Br. J. W. Nicholson, 544. 

Radium B, the recoil of, from radium A, 
Br. W. hfe-kower, Br. S. Russ, and 
E. J. Evans on, 541. 

’^‘Radium emanation, the molecular 
weight of, by Sir Wm. Ramsay and 
Br. R. W. Gray, 524. 

♦Ramsay (Sir Wm.) and Dr. R. W. Geay, 
the molecular weight of radium emana- 
tion, 524. 

Rayleigh (Lord) on practical electrical 
standards, 38. 

Read (Dr. 0. H.) on the collection of pJio- 
tographs of anthropological interest, 257. 
on the lake villages in the neighbour- 
hood of Glastonbury, 258. 

on the. age of stone circles, 264. 

on the •preparation of a new edition 

of ' Note.s and Queries in Anthropology," 
266. 

♦Reealescenee, a fourth, in steel, Prof. 

J, 0. Arnold on, 662. 

Reed (J. H.) cotton growing within the 
British Empire, 656. 

♦Reflex action, constant current as an 
excitant of, by Prof. G. S. Sherrington 
and Miss S. C. M. Sowton, 759. 

♦Reflex response, influence of intensity 
of stimulus on, by Prof. C. S. Sherring- 
ton and Miss S. 0. M. Sowton, 759. 
♦Refractive index and density, the re- 
* lation between, by Dr. T. H. Havelock, 
584. 

BfC^neratiDn and developmental pro- 

^ 


Regional survey of Edinburgh, a, by 
James Cossar, 661. 

Reid (A. S.) on the collection of photo- 
graphs of geahgicnl interest, 142. 

Reid (Clement) on semmlogical investi- 
gations, 44. 

on the feeding habits of British birds, 

169. 

Rennie (J.) on practical electrical stan- 
dards, 38v f 

♦Research in education, discussion on. 
729. 

Reynolds (Prof, S. H.) on the igneous 
and associated rocks of the Glensaul 
and Lough Nafooey areas, cos. Mayo and 
Galway, 110. 

on the collection of photographs of 

geological interest, 142. 

Rioe (Dr. Hamilton) on a journey through 
South America from Bogota to Manaos 
vid the river Uaup^s, 655. 

Richabdson (Nelson) on seismological 
investigations, 44. 

Ridgeway (Prof. W.) on excavations on 
Roman sites in Britain, 227. 

on archceohgical and ethnological 

researches in Crete, 228. 

on the lake villages in the neighbour- 

. hood of Glastonbury, 258. 

on, the age of stone circles, 264. 

Reppee (Prof. W.), the testing of lathe 
tool steels, 708. 

the testing of files, 708. 

Rivees (Dr. W. H. R.) on the preparation 
of a new edition of * Notes and Queries in 
Anthropology," 266. 

on the establishment of a system 

of measuring mental characters, 267. 

kava-drinking in Melanesia, 734. 

Roads, the adaptation of, to fast and heavy 
motor traffic, by T. R. Wilton, 316. 
Rogeks (A. G. L.f on the feeding habits 
of British birds, 169. 

Rogees (Dr. A. W.) on South African 
strata and on the question of a uniform 
stratigraphical nomenclature, 123. 

on topographical and geological terms 

%ised locally in South Africa, 160. 

Roman sites in Britain, excavations on, 
report on, 227. 

Rosenhain (Dr. Walter), the crystalline 
structure of iron at high temperatures, 

Rothschild (Hon. Walter) on the com- 
pilation of an index generum et speci- 
erum animalium, 167. 

Rubber, the mechanical hysteresis of, by 
Prof. A. Schwartz, 712. 

ROokeb (Sir Arthur W.) on practical 
electriccd standards, 38. 

on magnetic observations at Palmouth 

Observatory, 74. 
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Rucker (Sir Arthur W.) on the provision 
for the study of astronomy, meteorology, 
and geophysics in British universities, 77. 
Rudler (F. W.) on the work of the Gorre^ 
spending Societies Committee, 311. 
Ruhemann (Dr. S.) on the transformation \ 
of m'omaUc nitroamines and allied suh- j 
stances, and its relation to substitution | 
in benzene derivatives, 85. ' 

Russ (Dr. S.),^TDr. W. Makowbb, and j 
E, J. Evans on the recoil of radium j 
B from radium A, 541. j 

Russell (Dr. E. J.) and A. D. Hall, soil i 
surveys for agricultural purposes, 585. 

the error of experiment in 

agricultural field trials, 588. 

and Dr. H. B. Hutchinson, the part 

played by micro-organisms other than 
bacteria in determining soil fertility, 
583. 

Ruston (A. G.) and Dr. 0. Crowtheb, im- 
purities ill th^ atmosphere of towns 
and their effects upon vegetation, 577. 
Rutherford (Prof. E. ) on the provision for 
the study of astronomy, meteorology, and 
geophysics in British universities, 77. 

Sabellaria, the formation and arrange- 
ment of the opercular chsetae of, by A. 

T. Watson, 634. 

Sampling of agricultural products for 
analysis, the, by Prof. T. B. Wood and 
A. B. Bruce, 588. 

Sand (Dr. H. J. S.) on electroanalysis, 79. j 

demonstration of vacuum-tight seals | 

between iron and glass, 533. j 

♦Sand-dunes and golf-links, by Prof. F. | 
0. Bower, 781. I 

Sandwich Islands, the zoology of the, j 
twentieth report on, 167. ! 

SANKEY(Capt.)o9?.<7</(5coi£5ea:pZos?o«-.9, 199. i 
Saprolegnia, asexual reproduction in a i 
species of, by A.E.^ Lechmere, 775. ^ 1 

Sardinia, archaeological and ethnological ; 

investigations in, report on, 264. I 

Schafer (Prof. E. A.) on the ductless | 
glands, 267. 

ScHABFF (Dr.) on the survey of Glare 
Island, 301. 

Schmidt (Dr. W.) on barometric waves 
of short period, 543. 

School-children, 104, at Vori and at 
Palaikasiro in Crete, observations on, by 
Dr, W, L. H. Duckworth, 237. 

remarks on, by G, H, Hawes, 251. 

School gardening, by A. Sutherland, 815. 
School journey, the : "♦its practice and 
educational value, by G. G. Lewis, 814. 
Schuster (Prof. A.) on practical electrical 
standards, 38. 

0% establishing a solar observatory 

in Australia, 42. 


Schuster (Prof. A.) on the investigation 
of the upper atmosphere, 72. 

on magnetic observation at Falmouth 

Observatory, 74. 

on the provision for the study of 

astronomy, meteorology, and geophysics 
in British universities, 77. 

Schuster (Dr. Edgar), first results from 
the Oxford anthropometric laboratory, 
633. 

Schwartz (Prof. Alfred), the mechanical 
hysteresis of rubber, 712. 

Schwarz (Prof. E. H. L.) on^ South 
African strata and on the question of a 
uniform stratigraphical nomenclature, 
123. 

♦Scientific method in experiment, by 
Prof. PI. E. Armstrong, 587. 

Scilly Isles, some prehistoric monuments 
in the, H. D. Acland on, 737. 

ScLATER (Dr. P. L.) on the compilation of 
an index generum et specierum anima- 
Hum, 167. 

on the zoology of the Sa'ndwich Islands, 

167. 

fSooBLE (W. A.), the value of anchored 
I tests of aerial propellers, 710. 

Scott (Dr. D. H.) on the structure of fossil 
plants, 301. 

Scott (Dr. W. R.) on the amount and dis- 
tribution of income {other than wages) 
below the income-tax exemption limit, 
170. 

Scottish National Antarctic Expedition, 
a second, 1911, plans for, by Dr. W. S. 
Bruce, 651. 

Scouring, or ‘ teart ’ lands of Somerset, 
the, by 0. T. Gimingham, 586. 

Seals, some anatomical adaptations to the 
aquatic life in, by Dr. H. W. M. Tims, 
638. 

Secondary radiation from carbon at low 
temperatures, V. E. Pound on the, 538. 
Sedowick (Prof. A.), on the occupation of 
a table at the zoological station at Naples, 
165. 

on zoology organisation, 168. 

on, the occupation of a table at the 

marine laboratory, Plymouth, 168. 
Sefstrom glacier, Spitsbergen, the shelly 
moraine of the, and its teachings, by G. 
W. Lamplugh, 606. 

i ♦Seismograph, a sensitive bifilar, with 
some records, by Prof. F. G. Baily, 647. 
Seismological investigations, fifteenth re- 
port on, 44. 

Earthquakes, destructive, in Iceland, a 
list of, 64. 

in the Mussian Empire, 

I catalogue of, 57. 

I in the Sunderland, a list of, 65. 

i of the Southern Andes, a pro- 

I visional list of, 69. 
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SELiaMAKN" (Dr. 0. S.) on the pre'paration 
of a new edition of * Notes and Queries in 
Anthropology,'* 266. 

a neolithio site in tho Southern 

Sudan, 728. 

Series spectrum of the mercury arc, tho, 
by Dr. S. R. Milner, 534. 

Sewabd (Prof. A. 0.) on the structure of 
fossil plants, 301. 

Sex and immunity, by Geoffrey Smith, 
635. 

Sharp (D.) on the zoology of the Sandwich 
Islands, 167. 

Shaw (Dr. W. N.) on practical electrical 
standards, 38. 

on the investigation of the upper 

atmosphere, 72. 

♦Sheffield, the geology of, by Oosmo 
Johns, 652. 

Sheffield wages, the history of, G. H. 
Wood on, 690. 

Shelly moraine of the Sefstrom glacier, 
Spitsbergen, the, and its teachings, by 
G. W. Lamplugh, 606. 

Sheppard (T,), the Humber during this 
human period, 654. 

Sherrington (Prof. C. S.) on mental and 
mmcular fatigue, 292. 

on body metabolism in cancer, 297. 

* and Miss S. 0. M. Sowton, influence 

of intensity of stimulus on reflex re- 
sponse, 759. 

* constant current as an ex- 

citant of reflex action, 759. 

* Dr. jj- E. Laslett, and Miss E. 

Tozbr, the afferent nerves of the eye 
muscles, 767. 

Shipdey (Dr. A. E.) on zoology organisa- 
t%on, X68. • 

on the biological problems incidental 

to the Inniskea whaling station, 168. 

— — on the feeding habits of British birds, 
169. 

Shore (Dr, L. E.) on the ductless glands, 
267. 

Shrubsall (Dr. E. 0.) on archaeological 
and ethnological researches in Oreie, 
228. 


on anthropometric investigation in 

the British Isles, 256. 

on archoeological and ethnological 

investigations in Sardinia, 264. 

on the ethnographic survey of Canada, 

265. 


on the preparation of a new edition 

of * Notes and Queries in Anthro- 
pology * 2m, 

Silver-leaf disease of fruit trees, F. T. 
Brooks on the, 776. 

Sempson (Iieut.-Col. R. J. S.) on- the effect 
o| upcm hecdth and disease, 290. 

meiM and phy- 


Smith (E. A.) on the zoology of the Sand- 
wich Islands, 167* 

Smith, (E. E.) on practical electrical 
standards, 38, 

Smith (Prof. G. Elliot), tho people of 
Egypt, 727, 

Smith (Geoffrey), sox and immunity, 635. 

Smith (Prof, H. B. Lees) on the amount 
and distribution of incpme [other than 
wages) below the income-tax exemption 
limit, 170. 

India and tariff reform, 681. 

SmTH (H. Bompas) on the mental and 
physical factors involved in education, 
302. 

Smith (Sir H. LI.), Address to the Section 
of Economic Science and Statistics, 
664. 

Smith (Dr. W. G.) on the establishment of 
a system of measuring mental characters, 
267. 

Smithells (Prof. A.) on gaseous explo- 
sions, 199. 

Snell (John) and Miss H. 0. 1. Eraser, 
vegetative mitosis in the bean, 777. 

Social interest in banking, the, by E. 
Lavington, 685. 

Soil fertility, the part played by micro- 
organisms other than bacteria \n deter- 
mining, by Dr. E. J. Russell and Dr. H. 
B. Hutchinson, 585. 

Soil surveys for agricultural purposes, by 
A. D. HaU and Dr. E. J. Russell, 585. 

Solar activity and the trade cycle, by H. S, 
Jevons, 683. 

Solar observatory in Australia, a, report on 
establishing, 42, 

♦Solar radiation, wind power, and other 
natural sources of energy, the utilisa- 
tion of, by Prof. Fessenden, 713. 

SoLLAS (Prof. W. J.) on the erratic blocks 
of the British lsles,^\m. 

Solubility, report on, by Dr, J, Vargas 
Byre, 425. 

Somerset, the scouring or ‘ teart ’ lands 
of, by C. T. Gimingham, 586. 

SOMMERVILLE (Dr. D. M. Y.) on the need 
of a non-Euclidean bibliography, 531. 

Sound, the measurement of, a complete 
apparatus for, by Prof. A. G. Webster, 
534. 

South African strata, the correlation and 
age of, report on, and on the question 
of a uniform stratigraphical nomen- 
clature, 123. 

South America, a journey through, from 
Bogota to M;?,nitos vid the River 
Uaup^s, 655, 

♦SowTON (Miss S. 0. M.) and Prof. C. S. 
Sherrington, influence of intensity of 
stimulus on reflex response, 759, 

* constant current as an 

excitant of reflex action, 759. 
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Spearman (Bi*. C.) on the estahlishment 
of a system of measuring mental charac- 
ters, 267. 

— - — on the mental and 'physical factors 
involved in education, 302. 

individual variations of memory, 

802. 

Spectra, the relation of, to the periodic 
series of the elements, Prof, W. M. 
Hicks on, 531. 

Spectrograph, a simple form of, by Prof. 
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Report on Wave-lengths, 1899, 1^. ; 1900, with Index to Tables from 1884 to 1900, 
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Tables of F v) and H (?*, v) Functions, 1899, 1^. 

Report on the Ethnological Survey of Canada, 1899, Is. 6d.; 1900, 1;?. 6d. j 1902, U. 
Report on Seismology, 1900, Is.; 1901, 1^.; 1902, U.; 1903, Ls\ ; 1904, Is. ; 1906, ; 

1906, 6d. ; 1907, 6d. ; 1908, Is.; 1909, Is.; 1910, Is. 

Report on the Chemical Compounds contained in Alloys, by B\ H. Neville, F.R.S,, 

1900, 6d. 

The Constitution of Camphor, by A. Lapwortb, D.Sc., 1900, lif. 

Report on Future Dealings in Raw Produce, 1900, 6d. 

Note sur TUnit^ de Pression, par le Dr. C. B. Guillaume, 1901, 3d. 

Note on the Variation of the Specific Heat of Water, by Prol H. L. Callendar, 

1901, 4d, 

Report on Absorption Spectra and Chemical Constitution of Organic Substances, 
1901, Is. 

Report on the Structure of Crystals, 1901, Is. 

The Relative Progress of the Coal-tar Industry in England and Germany during the 
past Fifteen Years, by Arthur G. Green, 1901, 6d. 

The Methods for the Determination of Hydrolytic Dissociation of Salt Solutions, by 
B. C. Farmer, *901, 6d. 

The Application of the Equilibrium Law to the Separation of Crystals from Complex 
Solutions and to the Formation of Oceanic Salt Deposits, by Dr, B. Frankland 
Armstrong, 1901, Is. 

Report on the Resistance of Road Vehicles to Tracfcion, 1901, 3d. 

The Influence of the Universities on School Education, by the Right Rev. John 
Percival, D.D., Lord Bishop of Hereford, 1901, 3d. 

Report on Life-zones in the British Carboniferous Rooks, 1901, 6d. ; 1902, 6d. ; 
1904,6^. 

Our Present Knowledge of Aromatic Diazo-oompounds, by Dr. Gilbert Thomas 4 
Morgan, 1902, 6d. 

Report on the Teaching of Elementary Mathematics, 1902, 3d. 

Report on Women’s Labour, 1903, 6d. 

Report on the Teaching of Botany in Schools, 1903, 3d. 

Report on the Changes in the Sea Coast, 1903, 1.*?, 

Report on the Accuracy and Comparability of British and B'oreign Statistics of Inter- 
national Trade, 1904, 6d. 
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Report on Anthropometric Investigation in the British Isles, 1906, U. ; 1907, . 

TheJPresent Position of the Ohemistry of Rubber, by S. S. Pickles, 1906, 6^. 

The Present Position of the Ohemistry of Gums, by H. Robinson, 1906, 3d, 

Standardisation in British Engineering Practice, by Sir John Wolf e-Barry, 

1906, Sd, 

Melanism in Yorkshire Lepidoptera, by G. T. Pon*itt, 1906, 6d, 

Preliminary Report on the Magnetic Survey of South Africa, 1906, Sd.^^ 

Report on the Curricula of Secondary Schools, 1907, 3d. 

Report on the Sequence of Studies in the Science Section of the CurricuUim of 
Secondary Schools, 1908, 3d. 

The Development of Wheat Culture in North America, by Professor A. P. Brigham, 
1909 , 3 ^ 2 . 

On Threefold Emission Spectra of Solid Aromatic Compounds, by Prof. E. Goldstein, 
1909, 3d. 

Second Report on the Investigation of Gaseous Explosions, with special reference 
to Temperature, 1909, 6d. 

Anode Rays and their Spectra, by Dr. Otto Reiohenheim, 1909, 3d. 

Report on Mental and Physical Factors involved in Education, 1910, 3d. 

Report on the Amount and Distribution of Income (other than Wages) below the 
Income-tax Exemption Limit in the United Kingdom, 1910, 6d. 

Report on Archaeological and Ethnological Researches in Crete, 1910, 6(2. 

Gaseous Combustion, by William Arthur Bone, D.Sc., F.R.S., 1910, 6d. 

The History and Present State of the Theory of Integral Equations, by H. Bateman, 
1910, U. 6d. 

Solubility. Part I. By J. Yargas Byre, Ph.D., 1910, Is. 

The President's Address, and Sectional Addresses, for 1888, 1889, 1890, 1891, 1892, 
1893, 1896, 1896, 1899, 1900, 1901, 1902, 1909, 1910, each U 
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1907. §Badgley, Colonel W. F., Assoo.Inst.C.E., F.B.G.S. Verecroft, 

Devizes. 

1908. *Bagnall, Bichard Siddoway. Penshaw Lodge, Penshaw, Co. 

Durham. 

1905. {BaiMe, Bobert. P.O. Box 36, Pretoria, South Africa. 

1883, {Baildon, Dr, 42 Hoghton-street, Southport. 

1883. *fiailey, Charles, H.So., F.IuS. Haymesgarth, Cleeve Hill S.O., 
, : ; ^ Gloucestsershire. 
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1893. JBailey, Colonel F., F.B.G.S. 7 Dnimmond-place, Edinburgh."^ 
1887. *Bailey, G. H., D.Sc., Ph.D. Edenmor, Kinlochleven, Argyll, N.R 
1905. *Bailey, Harry Percy. 46 Anindel-gardens, W. 

1905. JBailey, Bight Hon. W. F., C.B. Land Commission, DubHn. 

1894. ^Baily, Fbaitois Gibsoit, M.A. Newbury, Colinton, IVIidlotbian. 
1878. |Baily, Walter. 4 Boslyn-MU, Hampstead, N.W. 

1905. *Baker, Sir Augustine. 66 Merrion-square, Dublin. 

1910. §Baker, H, F., Sc.D., F.E.S. St. John’s College, Cambridge. 

1886. §Baker, Harry, F.I.C. Epworth House, Moughland-lane, Runcorn. 

1907. {Baldwin, Walter. 5 St. Alban’s-street, Rochdale. 

1904. {Balfour, The Right Hon. A. J., D.C.L., LL,D., M.P., F.R.S., 

Chancellor of the Urdversity of Edinburgh. (Presideiitt, 
1904.) Whittingehame, Prestonkirk, N.B. 

1894. {Balfour, Henry, M.A. (Pres. H, 1904.) Langley Lodge, 
Headington Hill, Oxford, 

1905. {Balfour, Mrs, H. Langley Lodge, Headington Hill, Oxford. 

1875. {Balfour, Isaac Bayley, M.A., D.Sc., M.D., F.R.S., P.R.S.E., 

F.L.S. (Pres. D, 1894 ; K, 1901), Professor of Botany in the 
University of Edinburgh. Inverleith House, Edinburgh. 

1883. {Balfour, Mrs. I. Bayley. Imverleith House, Edinburgh. 

1905. {Balfour, Mrs. J. Dawyck, Stobo, N.B. 

1905. {Balfour, Lewis. 11 Norham-gardens, Oxford. 

1905. {Balfour, Miss Vera B. Dawyck, Stobo, N.B. 

1878. '‘‘Ball, Sir Charles Bent, M.D., Regius Professor of Surgery in the 
University of Dublin. ^ Merrion-square, Dublin. 

1866. *Ball, Sir Robert Stawell, LL.D., F.R.S., F.Pv.A.S. (Pres. A, 
1887 J Council, 1884-90, 1892-94 ; Local Sec. 1878),^ Lo^m- 
dean Professor of Astronomy and Geometry in the University 
of Cambridge. The Observatory, Cambridge. 

1908. {Ball, T. Elrington. 6 Wilton-place, Dublin. 

1883. *Ball, W. W. Rouse, M.A. Trinity College, Cambridge. 

1905. {Ballantine, Rev. T. R. Tirmochree, Bloomfield, Belfast. 

1869. {Bamber, Henry K, F.C.S. 5 Westminster-chambers, Victoria- 
street, Westminster, S.W, 

1890. {Bamford, Professor Harry, M.Sc. 30 Falkland-mansions, Glasgow. 

1909. §Bainpfield, Mi-s. E. 303 Donald-street, Winnipeg, Canada. 

1899. §Bampton, Mrs. 42 Marine-parade, Dover. 

1905. {Banks, ^Miss Margaret Pierrepont.- 10 Regent- terrace, Edinburgh. 

1898. {Bannerman, W. Bruce, F.S.A. The Lindens, Sydenham-road, 

Croydon. . . /n j 

1909. {Baragar, Chailes A. University of Manitoba, Winnipeg, Canada. 

1910. §Barber, Miss Mary. 126 Queen’s-gate, S.W. 

1890. *Barber-Starkey, W. J. S. Aldenham Park, Bridgnorth, Salop. 
1861. *Barbour, George. Bolesworth Castle, Tattenhall, Chester. 

1860. *Barolay, Robert. High Leigh, Hoddesden, Herts. 

1887. ’♦'Barclay, Robert. Sedgley New Hall, Prestwich, Manchester. 

1902. {Barcroft, H., D.L, The Glen, Newry, Co. Down. 

1902. {Barcroft, Joseph, M.A,, B.Sc., F.E.S. King’s College, Cambndge. 
1904. §Barker, B. T. P., M.A. Fenswood, Long Ashton, Bristol. 

1906. ^Barker, Geoffrey Palgrave. Henstead Hall, Wrentham, SuSolk. 

1899. {Barker, John H„ M.Inst.aE. Adderley Park Rolling Mills, 

Birmingham. 

1882. *Barker, Miss J. M. Care of Plummer, Prior’s-terrace, Tyne- 
mouth. 

1910. *Barker, Raymond Inglis Palgrave. Henstead Hall, Wrentham. 
Suffolk. 

1898. {Barker, W. R. 106 Bedland-road, Bristol. 
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1909. ^Barlow, Lieut. -Colonel G. N. H. Care of Messrs. Cox & Co., 16 
^ ^ Charing Cross, S.W. 

1889. JBarlow, H. W. L., M.A., M.B,, F.C.S. The Park Hospital, Hither 

Green, S.E. 

1883. tBarlow, J. J. 84 Cambridge-road, Southport. 

1885. *Baiilow, Wuxiam, F.B.S., F.G.S. The Bed House, Great 
Stanmore. 

1905. *Bamard, Mss Annie T., M.D., B.Sc. 32 Chenies -street-chambers, 
Gower-street, W.C. 

1902. §Bamard, J. E. Park View, Brondesbury Park, N.W. 

1881. ^Barnard, William, LL.B. 3 New-court, Lincoln’s Inn, W.C. 

1904, JBames, Bev. E. W.,M.A., Sc.I).,P.R.S. Trinity College, Cambridge. 

1907. §Bames, Professor H. T., Sc.B. McGill University, Montreal, Canada. 
1909. '^Barnett, Miss Edith A. Holm Leas, Worthing. 

1881. JBarb, Archibald, D.Sc., M.Inst.C.E., Professor of Civil Engineer- 
ing in the University, Glasgow. 

1902. *Barr, Mark. Gloucester-mansions, Harrington-gardens, S.W. 

1904. {Barrett, Arthur. 6 Mortimer-road, Cambridge. 

1872. ’**Baerett, W. F., F.B.S., F.B.S.E., M.B.IA. 6 De Vesci- terrace, 
Kingstown, Co. Dublin. 

1874. ^Barrihgtoh, B. M., M.A., LL.B., F.L.S. Fassaroe, Bray, Co. 
Wicklow. 

1874. *Barrington-Ward, Bev. Mark J., M.A., F.L.S., F.B.G.S. The 
Bectory, Buloe S.O., Cornwall. 

1893. *Babrow, George, F.G.S. 28 Jermjm-street, S.W. 

1896. §Barrowman, James. Staneacre, Hamilton, N.B. 

1908. .{Barry, Gerald H. 'Wiglin Glebe, Caiiov/, Ireland. 

1884. *Barstow, Miss Frances A. Garrow Hill, near York. 

1890. *Barstow, J. J. J aokson. The Lodge, Weston-super-Mare. 

1890. *Barstow, Mrs. The Lodge, Weston-super-Mare. 

1892. {Bartholomew, John George, F.B.S.E., F.B.G.S. Newington 

House, Edinburgh. 

1858. *Bartholomew, William Hamond, M.Inst.C.E. Bidgeway House, 
Cumberland-road, Hyde Park, Leeds. 

1909. {Bartleet, Arthur M. 138 Hagley-road, Edgbaston, Birmingham* 
1909. {Bartlett, 0, Bank of Hamilton-building, Winnipeg, Canada. 

1893. *Barton, Edwin H., D.Sc., F.B.S.E., Professor of Experimental 

Physics in University College, Nottingham. 

1908. {Barton, Bov, Walter John, B.A., F.B.G.S. The College, Win- 
chester. 

1904. *Bartrum, C. 0., B.So, 12 Heath-mansions, Heath-street, Hamp- 
stead, N.W. 

1845. *Bashforth, Bev. Francis, B.D. Woodliall Spa, Lincoln. 

1888* ’‘‘Basset, A. B,,M.A., F.B.S. Fledhorough Hail,Holyport, Berkshire. 

1891. {Bassett, A. B. Cheverell, Llandaff. 

1866. *Bassett, Henry. 26 Beiitha-villas, Barnsbury, N. 

1889. {Bastable, Professor C. F., M.A., F.S.S. (Pres. F, 1894.) 6 Tre- 
velyan-terrace, Batbgar, Co. Dublin. 

1871. {Bastian, H. Charlton, M.A., M.D,, F.B.S., F.L.S., Emeritus Pro- 
fessor of the Principles and Practice of Medicine in University 
College, London. Fairfield, Chesham Bois, Bucks. 

1883. {Bateman, Sir A. E., K.C.M.G* Woodhouse, Wfeubledon Park, S.W. 
1907. ’“Bateman, Harry. The University, Manchester. 

1884. {Bateson, Wiluam, M.A., F.B.S. (Pres. D, 1904.) Manor House, 

Merton, Surrey. 

1881. ’“Bather, Franois ARrauE, M.A., D.Sc., F.B.S., F.G.S. British 
Museum (Natural History), S.W. 
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1906. §Batty, Mrs. Braithwaite. Ye Gabled House, The Parks, Oxford. 

1904. * IBaugh, J. H. Agar. 92 Hatton-garden, E.C. 

1909* §Bawlf, Nicholas. Assiniboine-avenue, Winnipeg, Canada. : 

1905. JBaxter, W. Duncan. P.O. Box 103, Cape Town. 

1876. *Baynes, Robekt E., M.A. Christ Church, Oxford. 

1887. *Baynes, Mrs. R. E. 2 Norham-gardens, Oxford. 

1883. *B^ley, Gardner S. Hatherop Castle, Eairford, Gloucestershire. 
1905. *Bazley, Miss J. M. A. Kilmorie, Hsham-drive, Torquay, Devon. 
Bazley, Sir Thomas Sebastian, Bart., M.A. Kilmorie, Ilsham- 
drive, Torquay, Devon. 

1909. *Beabkbll, H. J. Llewellyn, F.G.S. Goldenlands Farm, 

Dorking, Surrey. 

1889. §Beaee, Professor T. Hudson, B.Sc., F.R.S.E., M.Inst.C.E. The 
University, Edinburgh. 

1905. JBeare, I^Irs. T. Hudson. 10 Regent-terrace, Edinbiu’gh. 

1904. §Beasley, H. C. 25a Prince Alfred-road, Wavertree, Liverpool. 

1905. fBeattie, Professor J. C., D.Sc., F.R.S.E. South African College, 

Cape Town. 

1910. §Beattie, James M. 12 Caxton-road, Sheffield. 

1900. tBeaumont, Professor Roberts, M.I.Mech.E. The University, Leeds. 
1887. *Beaumont, W. J. The Laboratory, Citadel HiU, Plymouth. 

1885. *Beaumont, W. W., M.Inst.C.E. Outer Temple, 222 Strand, W.C. 

1887. *Beckbtt, John Hampden. Corbar Hall, Buxton, Derbyshire, 
1904. §Beckit, H. 0. Cheney Cottage, Headington, Oxford. 

1885. JBeddabd, Frank E., M.A., F.R.S., F.2.S., Prosector to the 
Zoological Society of London, Regent’s Park, N.W. 

1870. tBEDDOE, John, M.D., F.R.S. (Council, 1870-75.) The Chantry, 
Bradiord-on-Avon. 

1904. ^Bedford, T. G., M.A. 13 Warkworth -street, Cambridge. 

1891, JBedlington, Richard. Gadlys House, Aberdare. 

1878, JBedson, P. Phillips, D.Sc., F.C.S. (Local Sec. 1889), Professor of 
Cbemistry in the College of Physical Science, Newcastle-upon- 
Tyne. 

1901. *Beilby, G. T., LL.D., F.R.S. (Pres. B, 1905.) 11 University- 

gardens, Glasgow. 

1905. JBeilby, Hubert. 11 University-gardens, Glasgow. 

1891. *Belinfante, L. L., M.Sc., Assist. Sec. G.S. Burlington House, W. 
1909. JBell, C. N. (Local See. 1909.) 121 Carlton-street, Winnipeg, 

Canada. 

1894. {Bell, F. Jeffrey, M.A., F.Z.S. British Museum, S.W, 

1900. *Bell, Henry Wilkinson. Beech Cottage, Rawdon, near Leeds. 
1870. *Bell, j. Carter, A.R.S.M. The Cliil, Higher Broughton, Man- 
cheker. 

1883. *Bell, John Henry. 102 Leyland-road, Southport. 

1905. {Bell, W. H. S. r.O. Box 4284, Johaimeshuxg. 

1888. *Bell, Walter George, M.A. Trinity Hall, Cambridge. 

1908. ^Bellamy, Frank Arthur, M.A., F.R.A.S. University Observatory, 

Oxford. 

1904. {Bellars, A, E. Magdalene College, Cambridge, 

1905. {Bender, Rev. A. P., M.A. Synagogue House, Cape To-\vn. 

1883. ^Bennett, Laurence Henry. The Elms, Paignton, South Devon, 
j 901. {Beimett, Pfbfessor Peter. 207 Bath-street, Glasgow. 

1909. ’^Bennett, R. B., K.C. Calgary, Alberta, Canada. 

1905. §Benson, Arthur H., M. A., F.R.C.S.I. 42 Fitzwilliam-square, Dublin , 
1905. §Benson, Mrs. A. H, 42 Fitzwilliam-square, Dublin. 

1909. {Benson, Mss C. C. Terralta, Port Hope, Ontario, Canada. 

1903, §Benson, D. E. Queenwood, 12 Irton-road, Southport. 
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1901. *Benson, Miss Margaret J., D.So. Eoyal Holloway College, Egliam. 
^ 1887. *Benson, Mrs. W. J. 5 Wolliiigton-court, Knightsbridge, S.W. 
1898. *Bent, Mrs. Theodore. 13 Great Cumberland-place, W. 

1904. JBentley, B. H. The University, Sheffield. 

1905. ^Bentley, WiKred. Eein Wood, Huddersfield. 

1908. §Benton, Mrs. Evelyn M. Kings wear, Hale, Altrincham, Cheshire. 
1896. *Bergin, William, M.A., Professor of Natural Philosophy in Uni- 
versity College, Cork. 

1894. §Bere:eley, The Earl of, E.R.S., E.C.S. (Council, 1909-10.) 
Foxcombe, Boarshill, near Abingdon. 

1905. ^Beekacchi, L. C., F.R.G.S. Pound Farm, Upper Long Ditton, 

Surrey. 

1906. *Bernays, Albert Evan. 3 Priory-road, Kew, Surrey. 

1898. §Berridge, Miss C. E. 107 Albert Palace-mansions, Battersea Park, 

S.W. 

1894. §Berridgb, Douglas, M.A., F.C.S. The College, Malvern. 

1908. *Berridge, Mss Emily M. Dunton Lodge, The Knoll, Beckenliam. 
1908. *Berry, Arthur J. 6 University-gardens, Glasgow. 

1904. §Berry, E. A., Ph.D., West of Scotland Agricultural College, 

6 Blythswood-square, Glasgow. 

1905. JBertrand, Captain Alfred. Ohampel, Geneva. 

1862. JBesant, William Henry, M.A., Sc.D., F.E.S. St. John’s College, 
Cambridge. 

1880. *Bevan, Eev. James Oliver, M.A., F.S.A., F.G.S. Chillenden 

Eectory, Canterbury. 

1904. *Bevan, P. V., M.A. HiUside, Egham. 

1906. JBevan-Lewis, W., M.D. West Biding Asylum, Wakefield. 

1884. ’^'Beverley, Michael, M.D. 64 Prince of Wales-road, Norwich. 

1903. JBickerdike, C. F. 1 Bovemey-road, Honor Oak Park, S.E. 

1888. ^Bidder, George Parker. Savile Club, Piccadilly, W. 

1910. JBiddlecombe, A. 50 Grainger-street, Newcastie-on-Tyne. 

1904. §BiGa-WiTHBR, Colonel A. C., F.E.A.S. Tilthams, Godalnodng, 

Surrey, 

1882, JBxggs, C. H. W., F.C.S. Glebe Lodge, Champion-hill, S.E. 

1911. §Biles, J. H., LL.D., D.Sc., Professor of Naval Architecture in the 

University of Glasgow. 10 University-gardens, Glasgow. 
1898. JBillington, Charles. Heimath, Longport, Staffordshire. 

1901. *Biisland, Sir William, Bart., J.P. 28 Park-circus^ Glasgow. 

1908. *Bilton, Edward Barnard. Graylands, Wimbledon Common, S.W. 
1887, *Bindloss, James B. Elm Bank, Buxton, 

1909. §Bingham, Alexander E. 16 Kingsmead-road South, Birkenhead. 
1884. ^Bingham, Colonel Sir John E., Bart. West Lea, Eanmoor, Shef- 
field. 

1881. JBenhie, Sir Alexander E., M.Inst.C.E., F.G.S. (Pres. G, 1900.) 

77 Ladbroke-grove, W. 

1910. ’^Birohenough, 0., M.A. 8 Severn-road, Shefiield. 

1887. *BMey, H. K. Penrhjm, Mams o’ th’ Height, Manchester. 

1904. JBkhop, A. W. Edwinstowe, Chaucer-road, Cambiidge. 

1906. §Bishop, J. L. Customs and Excise Office, York. 

1894. fBisset, James, F.E.S.E. 9 Greenhiil-park, Edinburgh, 

1910. iBisset, John. Thornhill, Insch, Aberdeenshire. 

1886. *Bixby, General W.H. 508 Colorado-building,4Vashmgton, U.S.A. 
1909. JBlack, W. J., Principal of Manitoba Agricultural College, Winnipeg, 
Canada. 

1^1* .§Black, W. P. M. 136 Wellington-street, Glasgow, 
im F.F,, M.A., I>.Sc., F.E.S. (Pres. K, 1908.) St. John’s 
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1908. §Blackman, Professor V. H., M.A., Sc.D, The UniWsity, Leeds. 

1909. JBlaikie, Leonard, M,A. Civil Service Commission, Burlington- 
• gardens, W. 

1910. §Blair, R., M.A. London County Council, Spring-gardens, S.W, 
1902. f Blake, Robert F., F.I.C. Queen’s College, Belfast. 

1900. ^Biamires, Joseph. Bradley Lodge, Huddersfield. 

1905. {Blamires, IMrs. Bradley Lodge, Huddersfield. 

1904. iBiago, Dr. Gian Alberto. Istituto Fisico, Rome. 

1884. *^Blandy, William Charles, M.A. 1 Friar-street, Reading. 

1887. *Bles, Ildward J., M,A., D.Sc. The Mill House, Iffley, Oxford. 
1884. *Blish, William G. Niles, Mohigan, U.S.A. 

1902. JBlount, Bertram, F.I.C. 76 & 78 York-street, Westminster, S.W. 

1888. jBloxsom, Martin, B.A., M.Inst.C.E. Hazelwood, Crumpsail 

Green, Manchester. 

1909. §Blum.feld, Joseph, M.D. 7 Cav'endish-place, W. 

Blyth, B. Hall. 135 George-street, Edinburgh. 

1887. *Boddington, Henry. Pownall Hall, Wilmslow, Manchester. 

1900. JBodinotox, Sir Nathan, litt.D. The University, Leeds. 

1908. §Boeddickee, Otto, Ph.D. Birr Castle Observatory, Birr, 

Ireland. 

1887. *Boissevain, Gideon Maria. 4 Tesselschade-straat, Amsterdam. 
1898. §Bolton, H., F.R.S.E. The Museum, Queen’s-road, Bristol. 

1894. §Bolton, John. 15 Cranley-gardens, Muswell Hill, N. 

1898. *Bonae, James,M.A.,LL.D. (Pres. F, 1898 ; Comicil, 1899-1905.) 
The Mint, Ottawa, Canada. 

1909. ;j;Bonar, Thomson, M.D. 114 Via Babuino, Piazza di Spagna, Rome. 

1909. .fBond, J. H. R., M.B. 167 Donald-street, Winnipeg, Canada. 

1908. {Bone, Professor W, A., D.Sc., F.R.S. The University, Leeds. 

1871. ^Bonnet, Rev. Thomas Geobgb, Sc.D., LL.D., F.R.S., F.S.A., 

F.G.S. (Pebsident; Secbetaet, 1881-85 ; Pres. C, 1886.) 
9 Scroope-terrace, Cambridge. 

1888. tBoon, William. Coventry. 

1893. {Boot, Sir Jesse. Carlyle House, 18 Bums-street, Nottingham. 
1890. *Booth, Right Hon. Chaeles, D.Sc., F.R.S., F.»S.S. 28 Campdeii 
House Court, Kensington, W. 

1883, JBooth, James. Hazelhurst, Turton. 

1910. §Booth, John. 25 Rathdown-street, Carlton, Melbourne, Australia. 

1908. §Booth, Robert, J.P. Bartra Hall, Dalkey, Co. Dublin, 

1883. {Boothroyd, Benjamin. Weston-super-Mare. 

1901. *Boothroyd, Herbert E., M.A., B.So. Sidney Sussex College, Cam- 

bridge. 

1882. §Boens, Hbney, Ph.D., F.C.S. 5 Sutton Court-road, Chiswick, W. 
1901. {Borradaile, L. A., M.A. Selwyn College, Cambridge. 

1876. *Bosanqxjet, R. H. M., M.A., F.R.S., F.R.A.S. Castillo Zamora, 
Realejo-Alto, Teneriffe. 

1903. §Bosanquet, Robert C., M.A., Professor of Classical Archaeology 

in the University of Liverpool. Institute of Archaeology, 
40 Bedford-street, Liverpool. 

1896. JBose, Professoir J. C., C.I.E., M.A., D.Sc. Calcutta, India. 

1881. §Bothamlet, Chaeles H., M.So., F.LC., F.C.S., Education 
Secretary, Somerset County Council, Weston-super-Mare. 
1871. ^Bottomlet, James Thomson, M. A., LL.D., D.Sc., F.R.S., F.R.S.E., 
F.C.S. •IS University-gardens, Glasgow. 

1884. *Bottomley, Mis, 13 University-gardens, Glasgow. 

1892. *Bottomley, W. B., B, A., Professor of Botany in King’s College, W.C. 

1909. §Boulenger, 0. L. 8 Courtfield-road, S.W, 

1905, §Box;lengee, G. A., F.R.S. (Pres. D, 1905.) 8 Courtfield-road, S.W, 
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1905. §Boulenger, IMrs. 8 Coib.tfield-road, S.W. 

1903. §BouLTO]!ir, W. S., B.Sc., F.G.S., Professor of Geology in University 

College, Cardiff. 26 Arches-road, Penarth. • 

1883, JBouenb, a. G., C.I.E., D.Sc., P.R.S., F.L.S. Adyar, Madras. 

1893. G. C., M.A.jD.Sc., F.R.S., F.L.S. (Pres. B, 1910 ; Council, 
1903-09 ; Local Sec. 1894), Linacre Professor of Comparative 
Anatomy in the University of Oxford. Savile House, Mans- 
field-road, Oxford. 

1904. ^Bousfield, E, G, P. Clcirendon Lodge, Blyth Bridge, Stohe-on-Trent, 

1884. tBovEY, Heney T., M,A., LL.B., F.R.S., M.Inst.C.E. 16Hans-road, 

S.W. 

1881. *Bowee, F. 0., B.Sc., F.R.S., F.R.S.E., F.L.S. (Pres. K, 1898 ; 

Council, 1900-06), Regius Professor of Botany in the Univer- 
sity of Glasgow. 

1898. *Bowker, Arthur Frank, F.R.G.S., F.G.S. Wliitehill, Wrotham, 
Kent. 

1856. *Bowlby, Mss F. E. 4 South Bailey, Durham. 

1908. §Bowles, E. Augustus, M.A., F.L.S. Myddelton House, Waltham 
Cross, Herts, 

1898. §Bowley, A. L., M.A. (Pres. F, 1906 ; Council, 1900- .) North- 

court-avenue, Reading. 

1880. JBowly, Christopher. Grencester. 

1887. jBowly, Mrs. Christopher. Grencester. 

1899. *Bowman, Herbert Lister, M.A., B.Sc., F.G.S. , Professor of Miner- 

alogy in the University of Oxford. Magdalen College, 
Oxford, 

1899. *Bowman, John Herbert. Greenham Common, Newbury. 

1887. §Box, Alfred Marshall. Woodlands, Magrath Avenue, Cambridge. 
1895. *Boyce, Sir Rebert, M.B., F.R.S., Professor of Pathology in the 
University of Liverpool. 

1901. JBoyd, Bavid T. Rhinsdale, Ballieston, Lanark. 

1892. JBoys, Charles Vernon, F.R.S. (Pres. A, 1903 ; Council, 1893-99, 

1905-08.) 66 Victoria-street, S.W. 

1872. *Beabrook, Sir Edward, C.B., F.S.A. (Pres. H, 1898 ; Pres. F, 
1903 ; Council, 1903-10.) 178 Bedford-hill, Balham, S.W. 
1869. *Braby, Frederick, F.G.S., F.C.S. Bushey Lodge, Teddington, 
Middlesex. 

1894. *Braby, Ivon, Helena, Alan-road, Wimbledon, S.W. 

1905. ^Bradford, Wager. P.O. Box 5, Johannesburg. • 

1893. §Bradley, F. L. Inglesido, Malvern Wells. 

1904. *Bradley, Gustav. Council Offices, Goolo. 

1899. ^Bradley, J. W., Assoc.M.Inst.C.E. Westminster City Hall, 
Charing Cross-road, W.C. 

1903. ’''Bradley, 0. Charnock, B.Sc., M.D., F.R.S.E. Royal Veterinary 
College, Edinburgh. 

1892. JBradshaw, W. Carisbrooke House, The Park, Nottingham. 

1863. JBrady, Georoe S., M.B,, LL.B,, F.R.S. Park Hurst, Endcliffo, 
Sheffield. 

1880. *Brady, Rev. Nicholas, M.A. Rainham Hall, Rainham, S.O., 
Essex. 

1905. §Brakhan, A. Clare Bank, The Common, Sevenoaks, 

1906. §Branffeld, Wilfrid, 4 Victoria-villas, Upperthorpo, SIiefEeld. 

1885. ’'‘Bratby, William, J.P. Alton Lodge, Lancaster Park, Harrogate. 
1905 JBrausewetter, Miss. Roedean School, near Brigliton. 

1909. IBremner, Alexander. 38 New Broad-sti’cot, E.O. 

1905. f Bremner, R. S. Westminster-chambers, Bale-street, Liverpool. 

1906. jBremner, Stanley. Westminster-chambers, Bale-street, Liverpool. 
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1902. *Breretoii, Cloudesley. Briningham House, BAiningham, S.O,, 

Norfolk. 

1882. * "^Bretherton, C. E. 26 Palace^mansionSf Addison Bridge j W, 

1909. ^Breton, Miss A. 0. 15 Camden-crescenfc, Bath. 

1905. §Brewis, E. 27 Winchelsea-road, Tottenham, N. 

1908. §Brickwood, Sir John. Branivsmere, Southsea. 

1907. ^Bridge, Henry Hamilton. North Lodge, Battle, Sussex. 

1870. *BmGG, Sir John, M.P. Kildwick Hall, Keighley, Yorkshire. 

1904. *Bnggs, William, M.A., LL.D., E.R.A.S. Burlington House, Cam- 

bridge. 

1909. §Briggs, IvSs. Owlbrigg, Cambridge. 

1905. {Brill, »J., Litt.D. Grey College, Bloemfontein, South Africa. 

1908. {Brindley, H. H. 4 Devana-terrace, Cambridge. 

1893. {Briscoe, Albert E., B.Sc., A.R.C.Sc. The Hoppet, Little Baddow, 
Chelmsford. 

1904. {Briscoe, J. J. Bourn Hall, Bourn, Cambridge. 

1905. §Briscoe, Miss. Bourn Hall, Bourn, Cambridge. 

1898. {Bristol, The Right Rev. G. F. Browne, JD.D., Lord Bishop of. 
17 The Avenue, Clifton, Bristol. 

1879. *BRiTrAiN, W. H., J.P., F.R.G.S. Storth Oaks, Sheffield. 

1905. *Broadwood, Brigadier-General R. G. The Deodars, Bloemfontein, 
South Africa. 

1905. §Brock, Dr. B. G. P.O. Box 216, Germiston, Transvaal. 

1907. {Brockington, W. A., M.A. Leicestershire County Council, 38 Bowl- 
ing Green-street, Leicester. 

1896. *Brocklehurst, S. Olinda, Sefton Park, Liverpool. 

1901. {Brodie, T. G., M-D., P.R.S., Professor of Physiology in the 
University of Toronto. GHie University, Toronto, Canada. 

1883. *Brodie-Hall, Mss W. L. 5 Devonshire-place, Eastbourne. 

1905. {Brodigan, C. B, Brakpan Mines, Johannesburg. 

1903. {Brodrick, Harold, M.A., F.G.S. (Local Sec. 1903.) 7 Aughton- 

road, Birkdale, Southport. 

1904. {Bromwich, T. J. I’ A., M.A,, F.R.S., Professor of Mathematics in 

Queen’s College, Galway. 

1906. {Brook, Stanley. 18 St. George’ s-placo, York. 

1905. ^BrooJee, Geoffrey. Christ Church Yicarage, Mirfeld, 8.0.^ Yorkshire. 

1906. ***Brooks, F. T. 102 Mawson-road, Cambridge. 

1883. *Brotherton, E. A., M.P. 16 St. James’s-place, S.W. 

1883. *Brough,*3VIrs. Charles S. 12 Salisbury-road, Southsea. 

1886. {Brough, Joseph, LL.D., Professor of Logic and Philosophy in Uni- 
Versity College, Aberystwyth. 

1905, {Brown, A. ‘R. Trinity College, Cambridge, 

1863. **'Beown, Alexander CRtrai, M.D., LL.D., F.R.S., F.R.S.E., 
V.P.C.S. (Pres. B, 1874; Local Sec. 1871.) 8 Belgrave- 
crescent, Edinburgh. 

1883. {Brown, Mrs. Ellen F. Campbell. 27 Abercromby-sqnare, Liver- 
pool. 

1905. §Browm, Professor Ernest William, M.A., D.Sc., F.R.S. Yale Uni- 
versity, New Haven, Conn., U.S.A. 

1903. {Brown, F. W. 6 Rawlinson-road, Southport. 

1870. §Brow, Horace T., LL.D., F.R.S., F.G.S, (Pres. B, 1899 ; Council, 
1904- .) 52 Nevem-square, S.W. 

1905. {Brown, J. Elis. Durban, Natal 

1876. §Brown, John, F.R.S. (Local Sec. 1902.) Longhurst, Dunmurry, 
Belfast. 

1881. *Brown, John, M.D. 2 Glebe-terrace, Rondehosch, Cape Colony. 
1895. *Brown, John Charles. 39 Burlington-road, Sherwood, Nottingham. 
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1905. i'Bromi, Jom S. Longhurst, Dimmurry, Belfast. 

1905. $Brown, L. Clifford. Beyer’s Kloof, Klapmuts, Cape Colony. 

1882. *Browii, Mrs. Mary. 2 Glebe-terrace, Rondebosob, Cape Colony, 
1898. §Brown, Nicol, F.G.S. 4 The Grove, Highgate, N. 

1905. tBrown, R. G. Strathyre, Troyville, Transvaal. 

1901. IBrown, Professor R. N. Rudmose, B.Sc. The University, SheiBSeld, 
1908. §BromL, Sidney G. 52 Kensington Park-road, W. 

1905. §Brown, J^Irs. Sidney G. 52 Kensington Park-road, W. 

1910. ‘'**Brown, Sidney J. R. 52 Kensington Park-road, W. ^ 

1884. JBrown, W. G. University of Missouri, Columbia, Missouri, U.S. A. 
1908. JBrown, William, B.Sc. 48 Dartmouth -square, Dublin. 

1906. JBrowne, Charles E., B.Sc. Christ’s Hospital, West Horsham. 

1900. *Browne, Prank Balfour, M.A., F.R.S.E., P.Z.S. Claremont, 

HolyTTOod, Co. Down. 

1908. JBrowne, Rev. Henry, M.A. University College, Dublin. 

1895. *Browne, H, T. Doughty. 6 Kensington House, Kensington- 

court, W, 

1879. JBbowne, Sir J. Ceiohtost, M.D,, LL.D., F.R.S., F.R.S.E. 61 Car- 
lisle-plaoe-mansions. Victoria-street, S.W. 

1905. *Browne, James Stark, F.R.A.S. The Red House, Mount-avenue, 
Ealing,. W. 

1883. JBrowning, Oscar, M.A, King’s College, Cambridge. 

1905. IBextce, Colonel Sir Da^vid, C.B., M.B., F.R,S. (Pres. I, 1905.) 

.Royal Army Medical College, Grosvenor-road, S.W. 

1905. tBruce, Lady. 3 p Artillery-mansions, Victoria-street, S.W. 

1893. $Bruee, William S., LL.D., F.R.S.E. Antarctica, Joppa, Edinburgh, 

1902. JBmce-Kmgsmiil, Major J., F.C.S. 4, St. Ann’s-square, Man- 

chester. 

1900. *Brumm, Charles. Lismara, Grosvenor-road, Birkdale, Southport. 

1896. "^Brunner, Right Hon. Sir J. T., Bart., M.P. Druid’s Cross, Waver- 

tree, Liverpool. 

1868. {Betotoit, Sir T. Laudbe, Bart., M.D., D.Sc., F.R.S. (Council, 
1908- .) 10 Stratford-place, Cavendish-square, W. 

1897. *Brush, Charles F. Cleveland, OMo, U.S.A. 

1886. ^Beyait, G, H., D.Sc., P.R.S., Professor of Mathematics in University 
College, Bangor. 

1894, }.Bryan, Mrs. R. P. Plas Gwym, Bangor. 

1910. §Bryant, Miss Ella M. The Hayes, Corbiidge-on-Tyne. 

1884. *Beyce, Rev. Professor Geoeqe, D.D., LL.D. Kililhadook, Winni- 

peg, Canada. 

1909. IBrycc, Thomas H., M.D., Professor of Anatomy in the Uniycrsity 

of Glasgow. 2 The College, Glasgow. 

1902. "^Bubb, Miss E. Maude. UUenwood, near Cheltenham. 

1890. §Bubb, Henry, UUenwood, near Cheltenham. 

1902. ^Buchanan, Miss Florence, D.Sc. University Museum, Oxford* 

1905. §Buchanan, Right Hon. Sir John. Clareinch, Claremont, Cap© Town* 
1881. ’^Buchanan, John H., M.D. Sowerby, Thirsk. 

1871. IBuchanan, Johk Young, M.A., F.R.S., F.R.S.E., F.R.G.S., 
F.C.S. Christ’s College, Cambridgo. 

1909. JBuohanan, W. W» P.O. Box 1658, Winnipeg, Canada. 

1884, *Buokmaster, Charles Alexander, M.A., F.C.S. 16 Heathfield-road, 
MiU Hill Park, W. 

1904* JBuokwell, J. C. North Gate House, Pavilion, Brighton. 

1893. IBulleid, Aethtje, F.S.A. Dymboro, Midsomer Norton, Bath. 

1903. *Bullen, Rev. R. Ashington, F.L.S., F.G.S. Hilden Manor, Ton- 

bridge, Kent. 

1909* |BuiiirEA| The Hon. G. H. V, Edmonton^ Alberta, Canada. 
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1905. .tBurbury, Mrs. A. A. 17 Upper Phillimore-gardens, W. 

1905. JBurbury, JMiss A. D. 17 Upper Phillimore-gardens, W. , 

1886. * IBuebury’, S. H., M.A,, P.R.S. 1 New-square, Lincoln’s 

Inn, W.C. 

1907. JBureh, George J., M.A., D.Sc.. F.R.S. 28 Norham-road, Oxford. 
1881. JBurdett-Goutts, William Lehmami, M.P. 1 Stratton-street, Picca- 
dilly, W. 

1905. JBi|fdon, E. R., M.A. Ikenhilde, Royston, Herts. 

1894. JBtjbkb, John B. B. Trinity College, Cambridge. 

1884. *Bnriand, lient. -Colonel Je&ey H. 342 Sherbrooke-street West, 

Montreal, Canada. 

1905. JBurmeister, H. A. P. 78 Hout-street, Cape Town. 

1904. JBum, R. H. 21 Stanley-crescent, Notting-hill, W. 

1885. *Bnmett, W. Kendall, M.x^. Migvie House, North Silver-street, 

Aberdeen. 

1909. JBurns, P. D. 203 Morley-avenue, Winnipeg, Canada, 

1908. t Burnside, W. Snow, D.Sc., Professor of Mathematics in the Uni- 

versity of Dublin. 35 Raglan-road, Dublin. 

1905. JBurroughes, James S., F.R.G.S. The Homestead, Seaford, Sussex. 

1909. {Burrows, Theodore Arthur. 187 Kennedy-street, Winnipeg, 

Canada* 

1910. §Burt, Cyril. The University, Liverpool. 

1909. {Burton, E. F. 129 Howland-avenue, Toronto, Canada. 

1866. *Bijb.ton, Feedeeick M,, F.L.S., F.G.S. Highfield, Gainsborough. 
1892. {Buxton-Brown, Colonel Alexander, R.A., F.R.A.S., F.G.S. 11 
Union-crescent, Margate. 

1904. {Burtt, Arthur H., D.Sc. 4 South View, Holgate, York. 

1906. §Burtt, Philip; Swarthmore, St. George’s-place, York. 

1909. {Burwash, E. M., M.A. New Westminster, British Columbia, 

Canada. 

1887. *Bury, Henry. Mayfield House, Famliam, Surrey. 

1899. §Bush, Anthony. 43 Portland-road, Nottingham. 

1895. {Bushe, Colonel 0. K., F.G.S. 19 Ckomwell-road, S.W. 

1906. §Bushell, H. A. Melton House, Holgate Hill, York. 

1908. *BushelI, W. F. The Hermitage, Harrow. 

1910. §Butcher, Miss. 25 Earl’s Court-square, S.W. 

1884. *Butcher, William Deane, M.R.C.S.Eng, Holyrood, 5 Cleveland- 
ros||fI, Ealing, W. 

1884. *Bntterworth, W. Verona, 9 Knowles-road, St. Anne’s-on-the-Sea, 
Lancashire. 

1887. *Buxton, J. H. Clumber Cottage, Montague-road, Felixstowe. 

1899. {Byles, Arthur R. * Bradford Observer,’ Bradford, Yorkshire. 


1908. {Cadic, Edouard, D.Litt. Mon Caprice, Pembroke Park, Dublin. 
1861. ’•'Caird, James Key, LL.D. 8 Roseangle, Dundee. 

1905. {Calderwood, J. M. P.O. Box 2295, Johannesburg. 

1901. {Caldwell, Hugh. Blackwood, Newport, Monmouthshire. 

1907. {Caldwell, K. S. St. Bartholomew’s Hospital, S.E. 

1908. §Caldwell, Colonel R, T., M.A., LL.M., LL.i>., Master of Corpus 

Christi College, Cambridge. 

1897. {Callbnbae, Hugh L., M.A., LL.D., F.R.S. (Council, 1900-06), 
Professor of Physics in the Imperial College of Science, S.W. 
1857. {Cameeoh, Sir Chables A., C.B., M.D. 51 Pembroke-road, 
Dublin. 

1909. {Cameron, D. C. 65 Roslyn^road, Winnipeg, Canada. 

1896. fCameron, Irving H. 307 Sherbourne-street, Toronto, Canada 

1910. B 
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1909. ICamoronj Hou. Mr. Jusfcioe J. D. Judges’ Chambers, Winnipeg, 
Canada. 

•1901. jOampbell, Archibald. Park Lodge, Albert-drive, Pollokshields, 
Glasgow, 

1897. JCampbell, Colonel J. C. L. Achalader, Blairgowrie, N.B. 

1909. ^Campbell, E. J. Rideau Hall, 85 Kennedy-street, Winnipeg, 
Canada. 

1909. {Campbell, Mrs. R. J. Rideau Hall, 85 Kennedy-street, Winnipeg, 

Canada. ^ 

1902. {Campbell, Robert. 21 Great Victoria-street, Belfast. 

1890. {Gaknan, Professor Edwik, M.A., LL.D., F.S.S. (Pres. P, 1902.) 

11 Chadlington-road, Oxford. 

1905. {Cannan, Gilbert. King’s College, Cambridge. 

1897. ‘ICannon, Herbert. Alconbiiry, Bexley Heath, Kent. 

1905. {Cape Town, The Archbishop of. Bishop’s-oourt, Claremont, 
Cape Colony. 

1904. {Capell, Rev. G. M. Passenham Rectory, Stony Stratford. 

1905. *Caporn, Dr. A. W. Roeland-street Baths, Cape Town. 

1894. {Capper, D. S., M, A., Professor of Mechanical Engineering in King’s 
CoUege, W.C. 

1896. "^Garden, H, Vandeleur, Fasaaroe, W aimer. 

1902. {Carpenter, G. H., B.Sc., Professor of Zoology in the Royal College 
of Science, Dublin. 

1906. *Carpenter, H. 0. H. 11 Oak-road, Withington, Manchester. 

1905. §Carpmael, Edward, E.R.A.S., M.Inst.C.E, 24 Southampton- 

buildings, Chancery-lane, W.C. 

1910. §Carr, Henry E. Broadparks, Pinhoe, near Exeter. 

1893. {Carr, J. Wesley, M.A., E.L.S., E.G.S., Professor of Biology in 

University College, Nottingham. 

1906. *Carr, Richard E., British Vice-Consul, Cordoba, Spain. 

1889, {Carr-Ellison, John Ralph. Hedgeley, Alnwick. 

1905. {Garrick, Dr. P.O; Box 646, Johannesburg. 

1867. {Carbuthees, William, E.R.S., E.L.S., E.G.S. (Pres. D, 1886.) 
14 Vermont-road, Norwood, S.E. 

1886. {Caeslakb, J. Barham. (Local Sec. 1886.) 30 Westfield-road, 
Birmingham. 

1899. {Carslaw, H. S., D.Sc., Professor of Mathematics in the University 

of Sydney, N.S.W. 

1900. *Carter, W. Lower, M.A,, E.G.S. 11 • Tw^yford-Avenuo, Acton 

Hill, W. 

1896, {Cartwright, Miss Edith G, 21 York Street-chambers, Bryanston- 

square, W. 

1878. *Cartwright, Ernest H., M.A., M.D. Myskyns, Ticehurst, Sussex. 
1870, §Cartwright, Joshua, M.Inst.C.E,, E.S.I. 21 Parsons-lano, Bury, 
Lancashire. 

1862. {Carulla, E. J. R. 84 Rosehill-street, Derby. 

1894. {Carus, Dr. Paul. La Salle, Illinois, U.S.A. 

1901. {Carver, Thomas A. B., D.Sc., Assoc.M.Inst.C.E. 118 Napicrshall- 

street, Glasgow. 

1897. *Case, Willard E. Auburn, New York, U.S.A. 

1873. *0ash, William, E.G.S. 26 Mayfield-terrace South, Halifax. 

1908. *Cave, Charles J. P., M.A. Ditchani Park, Pctersfield. 

1886. *Oave-Mdyle, Mrs. Isabella. St. Paul’s Vicaragq^ Cheltenham. 

Cayley, Digby. Brompton, near Scarborough. 

1910. ,§Chadbum, A. W. BrincMe Rise, Sheffield. 

1905. ’^Ghallenor, Bromley, M.A. The Firs, Abingdon. 

1^. Mip E, M. The Eirs; Abingdon. 
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1910. §Chalmers, St. Steplien B. 25 Cornwall-road, Sti^iid Green, N. 
1905. fChamberlain, Miss H. H. Ingleneuk, Upper St. John’s-road, Sea 
• Point, Cape Colony. ♦ 

1901. §Chamen, W, A, South Wales Electrical Power Distribution' 

Company, Royal-chambers, Queen-street, Cardiff. 

1905. JChampion, G. A. Haraldene, Chelmsford-road, Durban, Natal. 

1881. *Champney, John E. 27 Hans-place, S.W. 

1908. {Chance, Sir Arthur, M.D. 90 Merrion-square, Dublin. 

1907. *CJIapmaji, Alfred Chaston, F.LC. 8 Duke-street, Aldgate, E.C. 

1902. §Chapman, D. L. Jesus College, Oxford. 

1910. §Chapman, J. E. Eanross. 

1899. §Ch4pmait, Professor Sydney John, M.A., M.Com. (Pres. E, 

1909.) Bumage Lodge, Levenshulme, Manchester. 

1910. §Chappell, Cyril. 73 Neill-road, Sheffield. 

1905. {Chassigneux, E. 12 Tavistock-road, Westboume-park, W. 

1904. *Chattaway, P. D., M. A., D.Se., Ph.D., P.R.S. 103 Woodstock-road, 
Oxford. 

1886, *Chattock, A. P., M.A., Professor of Experimental Physics in 
University College, Bristol. Heathfieid Cottage, Crowcombe, 
near Taunton. 

1904. *Chaundy, Theodore William, B.A. 49 Broad-street, Oxford. 

1900. §Cheesman, W. Norwood, J.P., E.L.S. The Crescent, Selby. 

1874. *Chermside, Lieut. -General Sir Herbert, R.E., G.C.M.G., C.B. New- 

stead Abbey, Nottingham. 

1908. {Cherry, Right Hon. R. R. 92 St. Stephen’s Green, Dublin. 

1910. IChesney, Miss Lilian M., M.B. 381 Glossop-road, Sheffield. 

1879. *Chesterman, W. Belmajme, Sheffield. 

1908. {Chill, Ed^^dn, M,D. Westleigh, Mattock-roadj Ealing, W. 

1883, {Chinery, Edward E. Monmouth House, Lymington. 

1884. {Chipman, W. W. L. 957 Dorchester-street, Montreal, Canada. 

1894. {CmsHOLM, G. G., M.A., B.Sc., E.R.G.S. (Pres. E, 1907.) 12 

Hallhead-road, Edinburgh. 

1899. §Chitty, Edward. Sonnenberg, Castle-avenue, Dover. 

1899. {Chitty, Mrs. Edward. Sonnenberg, Castle-avenue, Dover. 

1904. {Chivers, John, J.P. Histon, Cambridgeshire. 

1882. {Chorley, George. Midhurst, Sussex. 

1909. {Chow, H. H., M.D. 263 Broadway, Winnipeg, Canada. 

1893. *Cheee, Charles, D.Sc., E.R.S. Kew Observatory, Richmond, 
Surrey. 

1900. ^Christie, R. J. Duke-street, Toronto, Canada. 

1875. ^Christopher, George, P.C.S. May Villa, Lucien-road, Tooting 

Common, S.W. 

1876. *Chrystal, George, M.A., LL.D., F.R.S.E. (Pres. A, 1885), 

Professor of Mathematics in the University of Edinburgh, 

5 Belgrave-orescent, Edinburgh. 

1905. {Chudleigh, C. P.O. Box 743, Johannesburg. 

1870. IChurch, Sir A. H., K.C.V.O., M.A., E.R.S., P.S.A., Professor of 
Chemistry in the Royal Academy of Arts. Shelsley, Enner- 
dale-road, Kew. 

1903. {Clapham, J. H., M.A. King’s College, Cambridge. 

1901. §Clark, Professor Archibald B., M.A. University of Manitoba, 

Winnipeg, Canada. 

1905. *Clark, Cumberland, F.R.G.S. 29 Chepstow-villas, Bayswater, W. 

1907. *Clark, Mrs. Cumberland. 29 Chepstow-villas, Bayswater, W. 

1877. ’•'Clark, F. J., J.P,, F.L.S. Netherleigh, Street, Somerset. 

1902. {Clark, G. M. South African Museum, Cape Town. 

1908. |Clark, James, B.So. NewttTwn School, Waterford, Ireland. 

B 2 
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1881. *Ciark, Jl* Edmund, B.A., B.Sc. Asgartb, Riddlesdown-road, 
Purley, Surrey. 

1909. §Clark, J. M., M.A., K.C. 16 King-street West, Toronto, Canada. 
1908. §Ciark, John R. W. Brothock Bank House, Arbroath, Scotland. 

1901. *Clark, Robert M., B.So., P.L.S. 27 Albyn-place, Aberdeen. 

1907. *Clarke, E. Russell. 11 King's Bench-walk, Temple, E.C. 

1902. ^Claeke, Miss Lilxajjt J., B.Sc., F.L.S. Ohartfield Cottage, Brasted. 

Chart, Kent. 

1905. JClarke, Rev. W. E. C., M.A. P.O. Box 1144, Pretoria. 

1889. *CLAyDE5T, A. W., M.A., E.G.S. 5 The Crescent, Mount Radford, 
Exeter. 

1908. *Clayton, Miss Edith M. Brackendene, Horsell, Surrey. 

1909. §Cleeves, Frederick, F.Z.S. 23 Lime-street, E.C. 

1909. JCleeves, W. B. Public Works Department, Government-buildings, 
Pretoria. 

1861. JCleland, John, M.D., D.Sc., F.R.S. Drumclog, Crewkerne, 
Somerset. 4 . 

1905. §Cleland, Mrs, Drumclog, Crewkerne, Somerset. 

1905. §Cleland, J. R. Drumclog, Crewkerne, Somerset. 

1902. JClements, Olaf P. Tana, St. Bernard's-road, Olton, Warwick. 
1904, §Cleek, Dugald, F.R.S., M.Inst.C.E. (Pres. G, 1908.) 18 South- 

ampton-buildings, W.C. 

1909. §Cleve, Miss E. K. P. 74 Kensington Gardens-square, W. 

1861. *Olieton, R. Bellamy, M. A., F.R.S., F.R.A.S., Professor of Experi- 
mental Philosophy in the University of Oxford. 3 Bardwell- 
road, Banbury-road, Oxford. 

1906. §Close, Colonel C. F., R.E., C.M.G., F.R.G.S. (Council, 1908- .) 

Army and Navy Club, Pall Mall, S.W. 

1883. *Clowes, Feank, D.Sc., F.C.S. (Local Sec. 1893.) The Grange, 

College-road, Dulwich, S.E. 

1891. *Coates, Henry, F.R.S.E. Balure, Perth. 

1903. *Coates, W. M. Queens’ College, Cambridge. 

1884. §Cobb, John, Fitzharris, Abingdon. 

1908. *Cochrane, Miss Constance. The Downs, St. Neots. 

1864. *Cochrane, James Henry. Burston House, Pittville, Cheltenham. 
1908. tCochrane, Robert, I.S.O., LL.D., F.S.A. 17 Highfield-xoad, 
Dublin. 

1901. JCockbum, Sir John, K.G.M.G,, M.D. 10 Gatestone-road, Upper 
Norwood, S.E. ^ 

1883. JCockshott, J, J. 24 Queen’s-road, Southport. 

1861. *Coe, Rev. Charles C., F.R.G.S. Whinsbridgo, Grosvonor-road, 
Bournemouth. 

1908. JOoffey, Denis J., M.B. 2 Arkendale-road, Glenageary, Co. Dublin. 
1898. JCoffey, George. 5 Harcourt-terrace, Dublin, 

1881. *OoFEm, Walter Harris, F.C.S. Passaic, Kew. 

1896. *Coghill, Percy de G. 4 Sunnyside, Prince’s Park, Liverpool. 

1901. §Cohen, N. L. 11 Hyde Park-terrace, W. 

1901. *Cohen, R. Waley, B.A. 11 Sussex-square, W. 

1909. *Coke, Elmsley, M.Inst.G.B., F.G.S. 26 Low Pavement, Nottingham, 
1906. *Coker, Professor Ernest George, M.A,, D.Sc., F.R,S.E. City and 

Guilds of London Technical College, Finsbury, E.C. 

1895. *Colby, James George Ernest, M.A., F.R.C.S. Malton, Yorkshire. 
1895. *Golby, William Hem'y. Carregwen, Aberystw.yth. 

1893. §CoIe, Grenville A. J., F.G.S., Professor of Geology in the Royal 
College of Science, Dublin. 

1903, JCole, Otto B. 651 Boylston-street, Boston, U.S.A. 

1910^, l^le, Thomas Skelton. Westbfiry, Endclife-cresoent, Sheffield. 
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1897. §CoLEHAN, Professor A. P., M.A., Pkl)., P.R.S, (Pres. G, 1910.)* 

• 476 Huron-street, Toronto, Canada. 

1899. §Coleinan, William, P,R.A.S. The Shrubbery, Buokland, Dover. 
1899. JCoUard, George. The Gables, Canterbury. 

1892. tCoUet, Miss Clara E. 7 Coleridge-road, N. 

1887. jCoLLiE, J. Noemait, Ph.D., P.B.S., Professor of Organic Chemistry 

in the University of London. 16 Campden-grove, W. 

1893. JColIinge, Walter E. The University, Birmingham. 

1861. *Collingwood,J. Frederick, P.G.S. 5 Irene-road, Parson’s Green, S.W. 
1876. tCoLLiNS, J. H., F.G.S. Crinnis House, Par Station, Cornwall. 

1865. *CoUins, James Tertius. Churchfield, Edgbaston, Birmingham. 
1910. ^Collins, S. Hoare. 9 Cavendish-place, Newcastle-on-Tyne. 

1905. JCollins, Rev. Spencer. The Rectory, Victoria West, Cape Colony. 

1902. {Collins, T. R. Belfast Royal Academy, Belfast. 

1910. *Golver, Robert, jun. Graham-road, Ranmoor, Sheffield. 

• 1905. *Combs, Rev. C^ W., M.A. Elverton, Castle-road, Newport, 
Isle of Wight. 

1910. *Compton, Robert Harold, B,A. Gonvilie and Caius College, Cam- 
bridge. 

1871. *Connor, Charles C. 10 College-gardens, Belfast. . 

1902. {Conway, A. W. 100 Leinster-road, Rathmines, Dublin. 

1903. {Conway, R. Seymour, Litt.D., Professor of Latin in Owens College, 

Manchester. 

1898. §Cook, Ernest H. 27 Berkeley-square, Clifton, Bristol. 

1876. *CooKE, Conrad W. The Pines, Langland-gardens, Hampstead, N. W. 

1888. {Cooley, George Parkin. Constitutional Club, Nottingham. 

1899. *Coomaraswamy, A. K., D.Sc., F.L.S., F.G.S. Broad Campden, 

Gloucestershire. 

1902. *Coomaraswamy, Mrs. A. K. Broad Campden, Gloucestershire. 

1903. §Cooper, Miss A. J. 22 St. John-street, Oxford. 

1901. ’‘'Cooper, C. Forster, B.A. Trinity College, Cambridge. 

1907. {Cooper, William. Education Ofeces, Becket-street, Derby. 

1878. {Cope, Rev. S. W. Bramley, Leeds. 

1904. *CoPE3tfAN, S. Monckton, M.D., F.R.S. Local Government Board, 

WhitehaU, S.W. 

1909. §Copland, Mrs. A. J. Gleniffer, 50 Woodberry Dov-m, N, 

1904. ’‘‘Copland, ^Mss Louisa. 10 Wynnstay-gardens, Kensington, W. 

1905. {Corben, J. H, Education Department, Klerksdorp, Transvaal. 
1901. {Corbett, A. Cameron, M.P. Thornliebank House, Glasgow. 

1909. §Corbett, W. A. 207 Bank of Nova Scotia-buildings, Winnipeg, 

Candida. 

1887. ’“Corcoran, Bryan. Fairlight, 22 Oliver-grove, South Norwood, S.E. 

1894. §Corcoran, Miss Jessie R. Rotherfield Cottage, Bexhill-on-Sea. 
1901, ’“Cormaok, Professor J. D.,B.Sc. University College, Gower-street,W.G. 
1893. ’“Corner, Samuel, B.A., B.Sc. Abbotsford House, Waverley- 

street, Nottingham. 

1889. {Cornish, Vaughan, D.Sc., F.R.G.S. 31 Kensington Gardens- 

square, W. 

1905. {Comish-Bowden, A. H. Surveyor-General’s Office, Cape Town. 
1884. *Cornwallis, F. S. W., F.L.S. llnton Park, Maidstone. 

1900. §Cortie, Rev. A. L., S. J., F.R.A.S. Stonyhurst College, Blackburn. 
1905. {Cory, Professor G. E., M.A. Rhodes University College, Grahams- 

town, Cape Colony. 

1909. ’“Cossar, G. C., M,A„ F.G.S. Southview, MuiTa 3 ffieid, Edinburgh. 

1910. §Cossar, James. 53 BeHord-:^ad, Edinburgh. 

1908. ’“Costello, Jolm Francis, B.A, The Rectory, BaUymackey, Nenagh, 

Ireland, 
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1906. JCotswortb, Moses B. Acomb, York. 

1906. XGoiter^ J. E, 21 Maj/ field-road, Terenure Pari, Duhlin. 

1874. *CoTTEEiLLj J. H., M.A., F.R.S. Bolesldno, Branksomo Park, 
Bournemouth, 

1908. JOotton, Alderman W. F., D.L., J.P. Hollywood, Co. Dublin. 

1905, JCottriU, G. St. John. P.O. Box 4829, Johannesburg. 

1908. $Gourtenay, Colonel Arthur H., C.B., D.L. United Sendee Club, 
Dublin. 

1896. JCoTJBTiTBY, Right Hon. Lord. (Pres. F, 1896.) 15 Cheyne-walk, 
Chelsea, S.W. 

1905. JCousens, R. L. P.O. Box 4261, Johannesburg. 

1908. JCowan, P. C., B.So., IMInst.C.E. 33 Ailesbury-road, Dublin. 

1872. ‘‘'Cowan, Thomas William, F.L.S., F.G.S. Upcott House, Taunton, 

Somersetshire. 

1903. JCoward, H. Knowle Board School, Bristol. 

1900. §Cowburn, Henry. Dingle Head, Leigh, Lancashire. 

1905. JCoweU, John Ray. P.O. Box 2141, Johannesburg. 

1895. *CowELL, Philip H„ M.A., D.Sc., F.R.S. 62 Shooters Hill-road, 
Blackheath, S.E. 

1899. ICowper-Coles, Sherard, Assoc,M.Inst.C.E. 82 Victoria-street, 
S.W. 

1867. *Cox, Edward. Cardean, Meigle, H.B. 

1909. §0ox, F. J. C. Anderson-avenue, Winnipeg, Canada. 

1906. §Cox, S. Herbert, Professor of Mining in the Imperial College of 

Science and Technology, S.W. 

1905. JCox, W. H. Ho^ Observatory, Cape Town. 

1908. jCraig, James, M.D. 18 Merrion-square North, Dublin. 

1884. §Cbaigib, Major P. G., C.B., F.S.S. (Pres. F, 1900 ; Council, 

1908- .) Bronte House, Lympstone, Devon. 

1906. tCraik, Sir Henry, K.O.B., LL.D., M.P. 5 a Dean’s-yard, West- 

minster, S.W. 

1908. ‘‘^Cramer, W,, Ph.D,, D.So. Physiological Department, The 
University, Edinburgh. 

1906. JCramp, William. Redthorn, Whalley-road, Manchester. 

1905. *Ckanswick, Wm. Francoys. 34 Boshof-road, Kimberley. 

1906. JCeaveh, Hbnky. (Local Sec. 1906.) Clifton Green, York. 

1887. "^Craven, Thomas, J.P. Woodheyes-Parh, AsMon-upij^n-Mersci/. 

1905. t^rawford, Mrs. A. M. Marchmont, Rosebank, near Cape Town. 

1910. ’•"Craviord, 0. G. S. The Grove, East Woodhay, Newbury. 

1905. JGrawford, Professor Lawrence, M.A., D.Sc., F.R.S.E, South 
African College, Cape Town. 

1871. *Crawford, William Caldwell, M.A. 1 Lcckharton-gardens, Colin- 
ton-road, Edinburgh. 

1905. ^.Crawford, W. C., jun. 1 Lockharton-gardens, Colinton-road, 
Edinburgh. 

1871. *Crawford and Baloabbes, The Right Hon, the Earl of, K,T., 
LL,D., F.R.S., F.R.A.S. 2 Cavendish-square, W. ; and 
Haigh Hall, Wigan. 

1890, §Crawshaw, Charles B. Rufford Lodge, Dewsbury. 

1883. *<>awahaw, Edward, F.R.G.S. 25 Tollington-park, N. 

1885. §Cbeak, Captain E. W., C.B., R.N., F.R.S. (Pres. E, 1903 ; Council, 

1896-1903.) 9 Hervey-road, Blackheath, ^.E. 

1876, ’‘‘Crewdson, Rev. Canon George. St. Mary’s Vicarage, Windermere. 
1887. ‘‘'Crewdson, Theodore. - Spurs, Styall, Handforth, Manchester. 

1904. JOrilly, David, 7 Well-street, l^sley. 

1880. Sir Frank, B.A,» LLuB., fThS,* F.G.S. 5 Lansdowne-road. 
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1908. §Crocker, J. Meadmore. Albion House, Bingley, Yorkshire. 

1905.* §Croft, l^Iiss Mary, 17 Pelham-crescent, S.W, ’ * 

1890. *Croft, W. B., M.A. Winchester College, Hampshire. 

1908. JCrofts, D. G. Cadastral Survey, Nairobi, East African Protectorate. 
1878, "^Croke, John O’ Byrne, M.A. Clouncagh, Ballingarry-Lacy, Co. 

Limerick. 

1903. ^Crompton, Holland. Oaklyn, Cross Oak-road, Berkhamsted. 

1901. fCROMPTO?^, Colonel R. E., C.B., M.Inst.C.E. (Pres. G, 1901.) 

Kensington-court, W. 

1887. XOrook, Ebj^ry T,, M.Inst.G.JEJ, 9 AlberUsquare, Manchester, 

1898. §Crookb, William, B.A. (Pres. H, 1910 ; CJouncil, 1910- .) Lang- 
ton House, Charlton Kings, Cheltenham. 

1865. §Ceookes, Sir William, O.M., D.Sc., F.R.S., V.P.C.S. (President, 
1898 ; Pres. B, 1886 ; Council, 1885-91.) 7 Kensington 

Park-gardens, W. 

' 1879. JCrookes, Lady. 7 Kensington Park-gardens, W. 

1897. ’^Crooeshank, E. M., M.B. Ashdown Forest, Forest Row, Sussex. 

1909. {Crosby, Rev. E. H, Lewis, B.D. 36 Rutland-square, Dublin, 

1905. fCrosfield, Hugh T. Walden, Coombe-road, Croydon. 

1894. *Crosfield, Miss Margaret C. Undercroft, Reigate. 

1870. *Crospield, William. 3 Fulwood-park, Liverpool. 

1904. §Cross, Professor Charles R. Massachusetts Institute of Technology, 

Boston, U.S.A. 

1890. {Cross, E. Richard, LL.B. Harwood House, New Parks-crescent, 
Scarborough. 

1905. §Cross, Robert. 13 Moray-place, Edinburgh. 

1904. *Crossley, a. W., D.Sc,, Ph.D,, F.R.S,, Professor of Chemistry 

to the Pharmaceutical Society of Great Britain. 10 Crediton- 
road, West Hampstead, N.W. 

1908. {Crossley, F. W. 30 Molesworth-street, Dublin. 

1887. *Crossley, Sir William J., Bart., M.P. Glenfield, Bowdon, Cheshire. 
1894. ’*‘Crosweller, William Thomas, F.Z.S., F.I.Inst. Kent Lodge, Sid- 
cup, Kent. 

1897. *CrosweUer, Mrs. W. T. Kent Lodge, Sidcup, Kent. 

1890. *Crowley, Ralph Henry, M.D. Sollershott Letch worth. 

1910. §Crowther, Dr. C., M.A. The University, Leeds. 

1910. *'Urowth^r, James Arnold. St. John’s College, Cambridge. 

1883. *CiJLVERWELL, Edward P,, M.A., Professor of Education in Trinity 
College, Dublin. 

1883. {Culverwell, T. J. H. Litfield House, Clifton, Bristol. 

1898. {Cundall, J. Tudor. 1 Dean Park-crescent, Edinburgh. 

1861 . *^Cunliffe, Edward Thomas. The Parsonage, Handforth, Manchester. 
1861. *CunliSe, Peter Gibson, Dunedin, Handforth, Manchester. 

1905. {Cunningham, Miss A. 2 St. Paul’s-road, Cambridge, 

1882. ^Cunningham, Lieut. -Colonel Allan, R.E., A.I.C.E. 20 Essex- 

villas, Kensington, W. 

1905. {Cunningham, Andrew. Earlsferry, Campground-road, Mowbray, 
South Africa. 

1885. {Cunningham, J. T., B.A. Biological Laboratory, Plymouth. 

1869. {Cunningham, Robert 0., M.D., F.L.S., Professor of Natural 
History in Queen’s College, Belfast. 

1883. *CuNNiNGHA 5 r, Rev. W.,D.D., D.Sc. (Pres. F, 1891, 1905.) Trinity 

College, Cambridge. 

1892. {Cunningham-Ci’aig, E. H., B.A., F.G.S. 14a Dublin-street, 
E<£nburgh. 

1900. *Cunnington, William A., m.A., Ph.D., F.Z.S, 25 Orlando-road, 
Clapham Common, S.W, 
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1908. tCJxirrelly, d T., M.A,, F.B.G.S. United Empire Club, 117 Picca- 
dilly, W. 

f892. =*'Currie, James, M.A., F.R.S.E. Larkfield, Wardie-road, Edin- 
burgh. 

1905. JCurrie, Dr. 0. J. Manor House, Mowbray, Cape Town. 

1905. ::Currie, W. P. P.O. Box 2010, Johannesburg. 

1902. : :Curry, Professor M., M.Inst.C.E. 5 King’s-gardens, Hove. 

1883. JCuslnng, Mrs. M. Rosslynlee, Woodside Green, So^ith Nor- 
wood, S.E. 

1881. §Cushing, Thomas, F.R.A.S. Rosslynlee, Woodside Green, South 
Norwood, S.E. 

1907. JCushny, Arthur R., M.D., F.R.S., Professor of Pharmacology in 
University College, Gower-street, W.C. 


1910. §Dakin, Dr, W. J. The University, Liverpool. 

1898. *Dalby, W. E., M.A., B.Sc., M.Inst.C.E. (A’es. G, 1910), Professor of 

Civil and Mechanical Engineering in the City and Guilds of 
London Institute, Exhibition-road, S.W. 

1889, ^''Dale, hXiss Elizabeth. Garth Cottage, Oxford-road, Cambridge. 

1906. §Dale, William, F.S.A., F.G.S. The Lawn, Archer’s-road, South- 

ampton. 

1907. JDalgiiesh, Richakd, J.P., D.L. Ashfordby Place, near Melton 

Mowbray. 

1904. *Dalton, j. H. C., M.D. The Plot, Adams-road, Cambridge. 

1862. JDaistby, T. W., M.A., F.G.S. The Crouch, Seaford, Sussex. 

1905. JDaniel, Miss A. M. 3 St. John’s-terrace, Weston-super-Mare. 

1901. fDaniell, G. F., B.Sc. Woodberry, Oakleigh Park, N. 

1896. §Danson, F. C. Tower-buildings, Water-street, Liverpool. 

1849. *Danson, Joseph. Montreal, Canada. 

1897. §Darbishire, F, V., B.A., Ph.D. South-Eastern Agricultural 

College, Wye, Kent. 

1903. fDarbishire, Dr. Otto V. The University, Manchester. 

1904. *Darwin, Charles Gal ton. Nevnham Grange, Cambridge. 

1899. *Darwin, Erasmus. The Orchard, Huntingdon-road, Cambridge. 
1882. *Darwin, Francis, M.A., M.B., LL.D., D.Sc., F.R.S., F.L.S. 

(President, 1908; Pres. D, 1891; Pres. K, 1904; Council, 
1882-84, 1897-1901.) 13 Madingley-road, Cambridge. 

1881. *Darwin, Sir George Howard, K.C.B., M.A., LL.D., F.R;S., 
F.R.A.S, (PpsiDENT, 1905 ; Pres. A, 188G ; Council, 1886- 
1892), Plumian Professor of Astronomy and Experimental 
Philosophy in the University of Cambridge. Newnham 
Grange, Cambridge. 

1905. {Darwin, Lady. Newnham Grange, Cambridge. 

1878. *Darwin, Horace, M.A., F.R.S. The Orchard, Huntingdon-road, 
Cambridge. 

1894. ^Darwin, Major Leonard, Pres. R.G.S. (Pres, E, 1896 ; Council, 
1899-1905.) 12 Ege:rton-place, South Kensington, S.W. 

„ 1882. {Darwin, W. E,, B.A., F.G.S. 11 Egerton-place, S.W. 

1910. §Dauncey, Mrs. Thursby. Lady Stewert, Heath-road, Weybridge. 

1908. {Davey, H. 15 Victoria-road, Brighton. 

1880. *Davey, Henry, M.Inst.C.E. Conaways, Ewell, Surrey. 

1884. {David, A. J., B.A., LL.B, 4 Harcourt-buildingspTemple, E.C. 
1904, iDavidge, H. T., B.Sc., Professor of Electricity in the Ordnance 
College, Woolwich, 

1909. {Davidson, A. B. 150 Stradbrool^-plaoe, Winnipeg, Canada, 

1902. *Davids6h^ 8, G* S^aoourt, Bangor, Co. Down. 
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1910. *Davie, Robert C., M.A., B.Sc. 16 Rutliven-street, Kelvinside, 
^ Glasgow. » 

1887. ^Davies, H. Rees. Treborth, Bangor, North Wales. 

1904. §Davies, Hem*y N., F.G.S. St. Chad’s, Weston-super-Mare. 

1906. JDavies, S. H. Ryecrofb, New Earswiok, York. 

1893. *Davies, Rev. T. Witton, B.A., Ph.D., D.B., Professor of Semitic 
Languages in University College, Bangor, North Wales. 

1896. *Diwies, Thomas Wilberforce, F.G.S. 41 Park-place, Cardifi. 

1870. *Davis, A. S. St. George’s School, Roundhay, near Leeds. 

1873. *Davis, Alfred. 37 Ladbroke-grove, W. 

1905. JBavis, C. R, S. National Bank-buildings, Johannesburg. 

1896. *Davis, John Henry Grant. The Hawthorus, Sutton-road, Walsall. 
1910. §I>avis, John King. 2 Brockenhurst Green-street, Jersey. 

1906. §Davis, Luther. P.O. Box 898, Johannesburg. 

1885. *Davis, Rev. Rudolf. Mornington, Elmbridge-road, Gloucester. 
1905. JDavy, IMrs. Alice Burtt. P.O. Box 434, Pretoria. 

1905. JDavy, Joseph Burtt, F.R.G.S., P.L.S. P.O. Box 434, Pretoria. 
1864. JDawkins, W. Boyd, D.Sc., F.R.S., F.S.A., F.G.S. (Pres.C, 1888 ; 

Council, 1882-88.) Fallowfield House, Fallowfieid, Man- 
chester, 

1885. *Dawson, Lieut.-Colonel H. P., R.A. Hartlington Hall, Burnsall, 
Skipton-in-Craven. 

1901. ♦Dawson, P. The Acre, MaryhiU, Glasgow. 

1905. JDawson, Mrs. The Acre, MaryhiU, Glasgow. 

1884. {Dawson, Samuel. (Local Sec. 1884.) 258 University-street, 

Montreal, Canada. 

1906. §Dawson, William Clarke. 16 Parliament-street, Hull. 

1859. *Dawson, Captain W. G. 31 King’s-gardens, West End-lane, N.W. 
1909. {Day, Miss M. Edith. 290 Portage-avenue, Winnipeg, Canada. 

1900. {Deacon, M. Whittington House, near Chesterfield. 

1909. §Dean, George, F.R.G.S. 5 Wordsworth-mansions, Queen’s Club- 
gardens, W. 

1901. *Deasy, Captain H. H. P. 24 Evelyn-gardens, S.W. 

1884. ♦Debenham, Frank, F.S.S. 1 Fitzjohn’s-avenue, N.W. 

1866, {Debus, Heinrich, Ph.D., F.R.S., F.G.S. (Pres. B, 1869 ; Council, 
1870-75.) 4 Schlangenweg, Cassel, Hessen. 

1893. ♦Dceley, R. M., M.List.C-E., F.G.S. Inglewood, Longcroft-avenue, 

Harpenden, Herts. 

1878. {Delany, Very Rev. William, LL.D. University College, Dublin. 
1908. ♦Delf, Miss E. M. Westfield CoUege, Hampstead, N.W. 

1 9*07. {De lisle, Mrs. Edwin. Chamwood Lodge, Coalville, Leicestershire. 
1896. {Dempster, John. Tynron, Noctorum, Birkenhead. 

1902. {Dendy, Arthur, D.Sc., F.R.S., F.L.S., Professor of Zoology in 

King’s College, London, W.C. 

1908. {Dennehy, W. F. 23 Leeson-park, Dublin. 

1889. §Dbnny, Alfred, M.Sc., F.L.S., Professor of Biology in the Univer- 
sity of Sheffield. 

1905. {Denny, G. A. 603-4Consoiidated-buildings, Fox-street, Johannes- 
burg. 

1909. §Dent, Edward, M.A. 2 Carlos-plaoe, W. 

1874. ♦Derham, Walter, M.A., LL.M., F.G.S. Junior Carlton Club, 

Pall Mall, S.W. 

1907. ♦Desch, CeeffH., D.Sc., Ph.D. 9 Spring-gardens, North Kelvinside, 

Glasgow. 

1908. §Despard, Miss Kathleen M. 6 Sutton Court-mansions, Grove Park- 

terrace, Chiswick. 

1894. ♦DevereU, F. H. 7 Grote’s-place, Blaekheath, S.E. 
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1868. *Dbwae, Sir James, M.A., LL.D., D.So., F.K.S., F.R.S.E., V.P.C.S., 
* FuUerian Professor of Chemistry in the Royal Institution, 

London, and Jacksonian Professor of Natural and Experi- 
mental Philosophy in the University of Cambridge. (Pkesi- 
DEHT, 1902 ; Pres. B, 1879 ; Council, 1883-88.) 1 Scroope- 
terrace, Cambridge. 

1881. f Dewar, Lady, I Soroope-terrace, Cambridge. 

1884. *Dewar, William, M.A. Horton House, Rugby. 

1905. XDeioJiirst, Miss May, Pemhrohe House, Oxford-road, Colchester, 

1901. fl^ick, George Handasyde. 31 Hamilton-drive, Hillhead, Glasgow. 
1908. §Dicks, Henry. Haslecourt, Horsell, Woking. 

1904. §Dickson, Charles Scott, K.C,, LL.D. Carlton Club, Pall 

Mall, S.W. 

1881. iDickson, Edmund, M.A., E.G.S. Claughton House, Garstang, 
R.S.O., Lancashire. 

1887. §DiOKSOEr, H. N., D.So., E.R.S.E., F.R.G.S. The Lawn, Upper 

Redlands-road, Reading. 

1902. §Dickson, James D. Hamilton, M.A., E.R.S.E. 6 Ci’anmer-road, 

Cambridge. 

1862. *Dilze, The Right Hon. Sir Charles Wentworth, Bart., M.P„ 
F.R.G.S. 76 Sloane-street, S.W, 

1877. iDiUon, James, M.Inst.C.E. 36 Dawson-street, Dublin. 

1908. JDines, J. S. 4 Larkfield-road, Richmond, Surrey. 

1901. §Dines, W. H., B.A., F.R.S. Pyrton Hill, Watlington. 

1900. IDivers, Professor Edward, M.D., D.Sc., F.R.S. (Pres. B, 1902.) 
3 Canning-place, Palace Gate, W. 

1898. *Dix, John William S. Hampton Lodge, Durdham Down, Clifton, 

Bristol. 

1905. §Disey, F. A., M.A., M.D., F.R.S., Wadham College, Oxford. 

1899. *Dison, a, C., D.So., F.R.S., Professor of Mathematics in Queen’s 

University, Belfast. HursWood, Malone Park, Belfast. 

1874. *Dixon, a. E., M.D., Professor of Chemistry in Queen’s College, 
Cork. 

1900. JDixon, A. Francis, So.D., Professor of Anatomy in the University 

of Dublin. 

1905. JDixon, Miss E. K. Fern Bank, St. Bees, Cumberland. 

1908. tDixon, Edward K., M.E., M.List.C.E. Castlebar, Co^Mayo. 

1888. JDixon, Edward T. Racketts, Hythe, Hampshire. 

1908; *Dixon, Ernest, B.Sc., F.G.S. The Museum, Jcrmyii-stj*cct, S.W. 
1900. *Dixon, Major George, M.A, Fern Bank, St. Bees, Cumberland. * 
1879. *Dixon, Harold B., M.A., F.R.S., P.C.S. (Pres. B, 1894), Professor 
of Chemistry in the Victoria University, Manchester. 

1902. JDixon, Henry H., D.So., F.R.S., Professor of Botany in the 

University of Dubiin. Clevedon, Temple-road, Dublin. 

1908. *Dixon, Walter, F.R.M.S. Derwent, 30 Kelvinside-gardens, 
Glasgow. 

1907- *Dixon, Professor Walter E. The Museums, Cambridge. 

1902. JDixon, W. V. Scotch Quarter, Carrickfergus. 

1896. §Dixon-Nuttall, F. R. Inglehohne, Eccleston Park, Prosoot. 

1890. JDohbie, James J., D.So., LL.D., F.R.S., Principal of the Govern- 
ment Laboratories, 13 Clement’s Inn-passage, W.C. 

1885. §Dobbm, Leonard, Ph.D. The University, Edinb'Srgh. 

1860. *Dobbs, Archibald Edward, M.A, Castle Dobbs, Carrickfergus 
Co. Antrim. 

y 1902. W, 2 Willowbrook, Etgn, Windsor. 

; 1905. :iDQbBomPrbf^sor J. H. Transvaal Teohnioal Institute, Johannes- 
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1908. JBodd, Hon. Mr. Justice. 26 Hitzwilliam-square, Dublin. 

18701 i'Dodds, J. M. St. Peter’s College, Cambridge. 

1905. JDodds, Dr. W. J. Valkenberg, Mowbray, Cape Colony. 

1904. JDoncaster, Leonard, M.A. ifing’s College, Cambridge. 

1896. JDonnan, F. E. Ardenmore-terraoe, Holywood, Ireland. 

1901. JDonnan, E. G., M.A., Ph-D., Professor of Physical Chemistry. 
^ The University, liverpool. 

1905. JDonnanf H, Allandale, Claremont, Cape Colony. 

1905. JDonner, Arthur. Helsingfors, Finland. . 

1905. §Dornan, Eev. S. S. P.0, Box 510, Bulawayo, South Ehodesia, 
South Africa. 

1863. ’•'Doughty, Charles Montagu. 26 Grange-road, Eastbourne. 

1909. JDouglas, A. J., M.D. City Health Department, Winnipeg, Canada. 
1909. ’•'Douglas, James. 99 John-street, New York, U.S.A. 

1905. {Douglas-MoMillan, Mrs. A. 31 Ford-street, Jeppestown, Transvaal. 
1884. JDove, Miss Frances. Wycombe Abbey School, Buckinghamshire. 

1903. {Dow, Miss Agnes R. 81 Park-mansions, Khightsbridge, S.W. 

1884. *Dowling, D. J. Sycamore, Clive-avenue, Hastings. 

1865. *Dowson, E. Theodore, F.R.M.S. Geldeston, near Beccles, Suffolk. 
1881. *Dowson, J. Emerson, M.Inst.C.E. 11 Embankment-gardens, 
Chelsea, S.W. 

1892. *Dreghorn, David, J.P. Greenwood, Pollokshields, Glasgow. 

1905. {Drew, H. W., M.B., M.R.C.S. MocoUup Castle, Ballyduff, S.O., 

Co. Waterford. 

1906. *Drew, Joseph Webster, M.A., LL.M. Fashoda, Scarborough, 

1906. *Drew, Mrs. Fashoda, Scarborough. 

1908. §Droop, J. P. 11 Cleveland-gardens, Hyde Park, W. 

1893, §Db.X7CE, G. Claeidoe, M.A., F.L.S. (Local Sec. 1894.) Yardley 

Lodge, 9 Crick-road, Oxford. 

1909, *Drugman, Julien, Ph.D., M.Sc. Maison Negrin, La Bocca, Cannes, 

France. 

1905. {Drury, H. P.O. Box 2305, Johannesburg. 

1905. {Drury, Mrs. H. P.O. Box 2305, Johannesburg. 

1907. §Drysdale, Charles V., D.Sc. Northampton Institute, Clerken- 

weU, E.C. 

1892. {Du Bois, Professor Dr. H. Herwarthstrasse 4, Berlin, N.W. 

1856. *Ducie, The Right Hon. Heney John Reynolds Mobeton, Earl 

ot, F.B.S., F.G.S. 16 Portman-square, W. 

1870. {Duckworth, Hemy, F.L.S., F.G.S. 7 Grey Friars, Chester. 

1900. *DucWorth, W. L. H., M.D., Sc.D. Jesus College, Cambridge. 
1895. ’•'Duddell, William, F.R.S. 47 Hans-place, S.W. 

1906. {Dudgeon, Gerald C., Superintendent of Agriculture for British 

West Africa. Bathurst, Gambia, British West Africa. 

1904. *Dufiaeid, W. Geofihey. University College, Reading. 

1890. {Dufton, S. F. Trinity College, Cambridge. 

1909. {Duncan, D. M., M.A. 83 Silence-street, Winnipeg, Canada. 

1891. ^Duncan, Sir John, J.P. ‘ South Wales Daily News ’ Office, Cardiff. 

1910. §Dunn, Rev. J. Road Hill Vicarage, Bath. 

1876. {Dunnachie, James. 48 West Regent-street, Glasgow. 

1884. {Dunnington, Professor F. P. University of Virginia, Charlottes- 

ville, Virginia, U.S.A. 

1893, ’•'Dunstan, M. J. R., Principal of the South-Eastern Agricultural 

College, Wye, Kent. 

1891. {Dunstan, Mrs. South-Eastern Agricultural College, Wye, Kent. 

1885. ♦Dunstan^ Professor Wyndham, M.A., LL.D,, F.R.S., V.P.C.S. 

(Pres. B, 1906 ; Cdtuioil, 1905-08), Director of the Imperial 
Institute, S.W. 
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1905. §Dutton, C.'L. O’Brien. High Commissioner’s Office, Johannesburg. 
1910 . §Dutton, F. V., B.Sc. County Agricultural LaboratorioSj Rich- 
mond-road, Exeter. ^ 

1895. ^DwEBRYHotrsE, Abthub R., B.Sc., F.G.S. Boraness, Beramore 
Park, Belfast. 

1885. *Byer, Henry, M.A., B.Sc. 8 'Highburgh-terrace, Bowanhill, 
Glasgow. 

1895. §Bymond, Thomas S., F.C.S. Savile Club, Piccadilly, Ws 
1905. **'BysoN, F. W., M.A., F.R.S. (Council, 1905- ), Astronomer Royal. 

Royal Observatory, Greenwich, S.E. 

1910. §Byson, W. H. Maltby Colliery, near Rotherham, Yorkshire. 


1905. JEarp, E. J. P.O. Box 538, Cape Town. 

1899. |East, W. H. Municipal School of Art, Science, and Technology, 
Bover. 

1909. *Easterbrook, C. C., M.A., M.B. Crichton Royal Institution, 
Bumfries. 

1893. "^Ebbs, Alfred B. Northumberland-alley, Fenohurch-street, E.C. 

1906. *Ebbs, Mrs. A. B, Tuborg, Burham-avenue, Bromley, Kent. 

1909. JEecles, J. R. Gresham’s School, Holt, Norfolk. 

190k {Eccles, W. H., B.Sc. 16 Worfield-street, Battersea, S.W. 

1908. *Eddington, A. S., B.A., M.Sc. Royal Observatory, Green- 

wich, S.E. 

1870. *Eddison, John Edwin, M.B., M.R.C.S. The Lodge, Adel, Leeds. 
1858. *Eddy, James Ray, F.G.S. The Grange, Carleton, Skipton. 

1884. ’^'Edgell, Rev. R. Arnold, M.A. Beckley Rectory, East Sussex, 

1887. §Edgewobth, P. Y., M.A., B.C.L., F.S.S. (Pres. F, 1889 ,* Council, 

1879-86, 1891-98), Professor of Political Economy in the 
University of Oxford. All Souls College, Oxford. 

1870. *Edmonds, F. B. 6 Clement’s Inn, W.C. 

1883. {Edmonds, William. Wiscombe Park, Colyton, Bevon. 

1888. ^Edmunds, Henry. Antron, 71 Upper Tulse-hill, S.W. 

1884. *Edmunds, James, M.B. 23 Sussex-squaro, Kemp Town, 

Brighton. 

1901. *Edbidge-Geeek, F. W., M.B., F.R.C.S. Hendon Grove, Hendon, 
N.W. 

1899. §Edwards, E. J., Assoc.M.Inst.C.E. 290 Trinity-road, Wandsworth, 
S.W. 

1903. {Edwards, Mrs. Emily. Noriey Grange, 73 Leyland-road,South-„ 
port. 

1903. {Edwards, Francis. Noriey Grange, 73 Leyland-road, Southport. 

1903. {Edwards, Miss Marion K. Noriey Grange, 73 Loyland-road, 

Southport. 

1901. {Eggar, W. B. Eton College, Windsor. 

1909. {Eggertson, Ami. 120 Enuly-street, Winnipeg, Canada, 

1909. §Ehrenborg, G. B. 518 Winch- building, Vancouver, B.C., 
Canada. 

1907. *Elderton, W. Palin. 74 Mount Nod-road, Streatham, S.W, 

1890. §Elford, Percy. 115 Woodstock-road, Oxford. 

1901. ^Elles, Miss Gertrade L., B.Sc. Newnham College, Cambridge. 

1904. {Elliot, Miss Agnes I. M. Newnham College, Cambridge. 

1904 JEmot,R,H. Clifton Paxk, Kelso, N.B. 

1904 T* R, R, Holme .Parh, Botherfield, Sussex, 

1891. jElliott, A. C,, B.Sc., M.Inst.C.E., Professor of Engineering in 

^ B Sir^iasturton-avenue, Cardiff. 

1?^ M,I>, Ohuiroh-square, Gape Town. 
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1883. ’5‘Elliott, Edwin Bailey, M.A., F.E,.S., EJ?i-.A,S., Wa3niflete 

Professor of Pure Mathematics in the Uniyersity of Oxford. 

• 4 Bardweli-road, Oxford. 

Elliott, John Fogg. Elvet Hill, Durham. 

1906. *Eilis, David, D.Sc,, Ph.D. Technical College, Glasgow. 

1875. *Ellis, H. D. 12 Gloucester- terrace, Hyde Park, W. 

1906. §Ellis, Hebbeet. 120 Pegent-road, Leicester. 

1880. *Ellis, John Hbnby. (Local Sec. 1883.) 10 The Crescent, 

Plymouth. 

1891. §Ellis, Miss M. A. 14 Wellington-square, Oxford. 

1906. JElmhibst, Chables E. (Local Sec. 1906.) 29 Mount-vale, York. 

1910. §Elmliirst, Richard. Marine Biological Station, Millport, 

1884. JEmery, Albert H. Stamford, Connecticut, U.S.A. 

1869. '^'Enys, John Davies. Enys, Penryn, Cornwall. 

1862. *Esson, William, M.A., F.R.S., F.R.A.S., Savilian Professor of 
Geometry in the University of Oxford. 13 Bradmore-road, 
Oxford. 

1887. *Estcourt, Charles, F.I.C. 5 Seymour-grove, Old Trafford, Man- 
chester 

1887. *Estcourt, P. A., F.C.S., P.I.C. 5 Seymour-grove, Old Trafford, 
Manchester. 

1911. §Etherton, G. Hammond. (Local Secretary, 1911.) Town Hall, 

Portsmouth. 

1897. *Evans, Lady. Britwell, Berkhamsted, Herts. 

1889. *Evans, a. H., M.A. 9 Harvey-road, Cambridge. 

1905. {Evans, Mrs. A, H. 9 Harvey-road, Cambridge. 

1870. ’‘‘Evans, Arthur John, M.A., LL.D., F.R.S., F.S.A. (Pres. H, 

1896.) Youlbury, Abingdon. 

1908. {Evans, Rev. Henry, D.D., Commissioner of National Education, 

Ireland. Blackrock, Co. Dublin. 

1887. *Evans, Mrs. Isabel. Hoghton Hail, Hoghton, near Preston. 

1883. *Evans, l^Irs, James C. Casewell Lodge, Llanwrtyd Wells, South 
Wales 

1910. *Evans, John W,, D.Sc., LL.B., F.G.S. 75 Craven Park-road, 
Harlesden, N.W. 

1885. *Evans, Percy Bagnall. The Spring, Kenilworth. 

1905. {Evans, R. 0. LI. Broom HaU, Chwilog, R.S.O., Carnarvonshire. 
1905. {Evans, H. 9 Harvey-road, Cambridge. 

1910. §Evans, T. J. The University, Sheffield. 

1905. {Evans, Thomas H. P.O. Box 1276, Johannesburg. 

1865. *Evans, William. The Spring, Kenilworth. 

1909. {Evans, W. Saneord, M.A. (Local Sec. 1909). 43 Edmonton- 

street, Winnipeg. 

1903. {Evatt, E, J., M.B. 8 Kyveilog-street, Cardiff. 

1902. ’‘‘Everett, Percy W. Oaklands, Elstree, Hertfordshire. 

1872. {Eversley, Right Hon. Lord, F.R.S. (Pres. F, 1879 ; Council, 
1878-80.) 18 Bryanston-square, W. 

1883. {Eves, Miss Florence. Uxbridge. 

1881. {Ewart, J. Cossar, M.D., F.R.S. (Pres. D, 1901), Professor of 

Natural History in the University of Edinburgh. 

1874. {Ewart, Sir W, Quartus, Bart. (Local Sec. 1874.) Glenmachan, 
Belfast. 

1876. *Ewing, JaI^es Alfred, C.B., M.A,, LL.D., F.R.S., F.R.S.E., 

M.Inst.C.E. (Pres. G, 1906), Director of Naval Education, 
Admiralty, S.W. Froghole, Edenbridge, Kent. 

1903. §Ewing, Peter, F.L.S. Tlj^^^ron^ Uddingston, Glasgow. 

1884. *Eyerman, John, F.Z.S, Oakhuxst, Easton, Pennsylvania, U.S.A. 
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1906. tB 3 rr 6 , Dr. D. G. Claromont, Capo Colony. 

Eyton, Chlrlea. Hendrod House, Abingdon. 

• * 

1906- *Faber, George D. 14 Grosvonor-sq'uare, W. 

1901. *Fairgrieve^ M. MoOallum. 07 Great King-Htreot, Edinburgh. 

1865. *Faieley, Thomas, F.K.S.E., F.C.S. 8 Newton-grovo, Leeds. 

1910. §Falconer, J. B, The Limes, Little Berkhamsted, Hortiord. 

1908. JFalooner, Koberi A., M.A. 44 Morrion-square, Dublin. 

1896. §Falk, Herman John, M.A, Thorshill, West Kirby,, ChosMro. 

1902, §Fallaize, E. N., M.A. Vinchelez, Chase Court-gardens, Windmill- 

hill, Enfield 

1907. *Fantham, H. B., D.Sc. New Museums, Cambridge. 

1902. §Faren, William. 11 Mount Charles, Belfast. 

1892. *Faemer, J. Beetland, M.A., F.R.S., F.L.S. (Pres, K, 1907.) 
Shirley Holms, Gorj’ards Cross. 

1886. JFarnGombe, Joseph, J.P. Saltwood, Spencer-road, Eastbourne. 

1897. *Farnworth, Mrs. Ernest. Broadlands, Goldthorn Hill, Wolver- 

hampton. 

1904. JFamworth, Miss Olive. Broadlands, Goldthorn Hill, Wplver- 

hampton. 

1885. *Farquharson, Mrs. B, F. 0. Tillydrine, Kincardine O’Neil, 
N.B. 

1905. JFarrar, Edward. P.O. Box 1242, Johannesburg. 

1904. §Farrer, Sir William. 18 Upper Brook-street, W. 

1903. iFaulkner, Joseph M. 17 Great Duoie-street, Strangeways, Man- 

chester. 

1890. *Fawoett, F. B. University College, Bristol. 

1906. §Fawoett, Henry Hargreave. 20 Margarot-street, Oavendish- 
' square, W. 

1900. JFawcett, j. E., J.P. (Local Sec. 1900.) Low Royd, Apperley 

Bridge, Bradford. 

1902. *Fawsitt, C. E., Ph.D., Professor of Chemistry in the University of 
Sydney, New South Wales. 

1909. *Fay, Charles Ryle, M.A. Christ’s College, Cambridge. 

1906. *Fearnsides, Edwin G., M.A., M.B., B.Sc. London Hospital, E. 

1901. *Feamsides, W. G., M.A., F.G.S. Sidney Sussex College, Cam- 

bridge. 

1905. §Feilden, Colonel H. W., C.B., F.R.G.S., F.G.S. Burwash, Sussex. 

1900. ^Fennell, William John. Deramore Drive, Belfast. ^ 

1904. iFenton, H. J. H., M.A., F.R.S. 19 Brookside, Cambridge. 

1871. »*'Feegtjsoh, Johh, M.A., LL.D.. F.R.S.E., F.S.A., F.C.S., Professor 
of Chemistry in the University of Glasgow. 

1896, *Ferguson, Hon. John, C.M.G. Nasoby House, Newera Elliya, 
Ceylon. 

1901. JFerguson, R, W. Municipal Technical School, the Gamble Insti- 

tute, St. Helens, Lancashire. 

1863. **‘Ferme, John. Box No. 2, Hutchinson, Kansas, U.S.A. 

1910. *Ferranti, S, Zae. Grindlcford, near Sheffield. 

1905. XFerrar,J,E> Sidne]/ Sussex College, Gmnhridge, 

1905, *Ferrar, H. T., M.A., F.G.S. Geological Survey of Egypt, Giza, 
Egypt. 

1873. JFerbieb, Sir David, M.A., M.D., LL.D., F.R.S., Professor of Neuro- 
Pathology in King’s College, London. 34 Ca^ndish-square, W. 
1909. JFetherstonhaugh, Professor Edward P., B.Sc. 119 Betourney- 
street, Winnipeg, Canada, 

1882. fFewings, James, B,A„ B.So, King Edward VI. Grammar School, 
Sonthampton, cep* 
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1897. JField, George Wilton, Ph.D. Room 158, State House, Boston, 
Massachusetts, U.S.A. ^ 

1907. §Fields, Professor J. 0. The University, Toronto, Canada. 

1900. §Filon, L. N. G., D.Sc., F.R.S. Vega, Blenheim Park-road, Croydon. 
1883. *Finch, Gerard B., M.A. Howes Close, Cambridge. 

1905. {Fincham, G. H. Hopewell, Invami, Cape Colony. 

1905. §Findlay, Alexander, M.A., Ph.D., D.Sc., Lecturer on Physical 

Chemistry in the University of Birmingham. 

1904. *P4adlay, J. J., Ph.D., Professor of Education in the Victoria 
Uifiversity, Manchester. Ruperra, Victoria Park, Manchester. 
1902, §Finnegan, J., M.A., B.Sc. Kelvin House, Botanic-avenue, 
Belfast. 

1902. {Fisher, J. R. Cranfield, FortwiHiam Park, Belfast. 

1909. §Fisher, James, K.C. 216 Portage-avenue, Winnipeg, Canada, 

1869. {Fisher, Rev. Osmoitd, M.A., F.G.S. Harlton Rectory, near 
Cambridge. 

1875. *Fisher, W. W., M.A., F.G.S. 5 St. Margaret’s-road, Oxford. 

1887. *Fison, Alfred H., D.Sc. 47 Dartmouth -road, Willesden Green, 

N.W. 

1871. *Fisok, Sir Frederick W., Bart., M.A., F.G.S. 64 Pont-street, 
S.W. 

1883. {Fitch, Rev. J. J. 5 Chambres-road, Southport. 

1885. *FitzGebald, Professor ^MiitnaioE, B.A. (Local See. 1902.) 32 

Eglantine -avenue, Belfast. 

1894. {Fitzmaurice, Maurice, C.M.G., M.Iast.C.E. London County 
Council, Spring-gardens, S.W. 

1888. ^Fitzpatrick, Rev. Thomas 0., President of Queens’ College, 

Cambridge. 

1904. {Flather, J. H., M.A. Camden House, 90 Hills-road, Cambridge. 

1904. {Fleming, James. 25 Kelvinside-terrace South, Glasgow. 

1892. {Fletcher, George, F.G.S. 55 Pembroke-road, Dublin. 

1888. ‘‘'Fletcher, Lazarus, M.A., F.R.S., F.G.S., F.G.S. (Pres. C, 1894), 

Director of the Natural History Museum, Cromwell-road, 
S.W. 35 Woodville-gardens, Ealing, W. 

1908. “'Fletcher, W, H. B. Aldwick Manor, Bogiior, Sussex. 

1901. {Flett, J. S., M.A., D.So., F.R.S.E. 28 Jermyn-street, S.W. 

1906. *Fleure, H. J., D.Sc., Professor of Zoology and Geology in Uni- 

versity College, Aberystwyth. 

1905. “'Flint, Rev. W., D.D. Houses of Parliament, Cape Town. 

1889. {Flower, Lady. 26 Stanhope-gardens, S.W. 

1305, {Flowers, Frank. United Buildings, Foxburgh, Johannesburg. 

1890. *Flux, A. W., M.A, Board of Trade, Gwydyr House, White- 

hall, S.W. 

1877. {Foale, William. The Croft, Madeira Park, Tunbridge Wells. 

1903. {Foord-Kelcey, W., Professor of Mathematics in the Royal Military 

Academy, Woolwich. The Shrubbery, Shooter’s Hill, S.E. 

1906. §Forbes, Charles Mansfeldt. 1 Oriel-crescent, Scarborough. 

1873. *Forbes, George, M.A., F.R.S., F.R.S.E., M.Inst.C.E. 11 Little 
College-street, Westminster, S.W. 

1883. {Forbes, Henry 0., LL.D., F.Z.S., Director of Museums for the 
Corporation of Liverpool. The Museum, Liverpool. 

1905, §Forbes, Major W. Lachlan. Army and Navy Club, London, S.W. 
1890. {Ford, J. R^^vlinson. (Local Sec. 1890.) Quarry Dene, Weet wood- 
lane, Leeds. 

1875. *Fordham, Sir Herbert George. Odsey, Ashwell, Baldock, 
Herts. 

19Q9, {FoRGETif ThaHon. A. E.«^egina, Saskatchewan, Cai;a4^. 
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1887. {Forbest, ^The Right Hon. Sir John, G.C.M.G., F.R.G.S., F.G.S. 
Perth, Western Australia. 

1002. -^'Forster, M. 0., Ph.D., D.Sc., F.R.S. Imperial College of Science 
and Technology, S.W. 

1S8B. jFoBsyTH, A. R., M.A., D.Sc., F.R.S. (Pros. A, 1897, 1905 ; Council, 
1907-09.) Bolgravo-mansions, GrosYonor-gardens, S.W. 

1911. §Fosteb, Alderman T. Scott, J.P. (Local Tbeastoeb, 1911.) Town 
Hall, Portsmouth. 

1857. •‘‘Fosteb, George Carey, B.A., LL.D., D.Sc., F.KS. (General 
Treastjber, 1898-1904 ; Pres. A, 1877 ; Council, 1871-76, 
1877-82), Ladywalk, Rickmansworth. 

1008. '^‘Foster, John Arnold. 11 Hills-place, Oxford Circus, W. 

1901. §Foster, T. Gregory, Ph.B., Principal of University College, London. 
Chester-road, Northwood, Middlesex. 

1903, tFourcade, H. G. P.O., Storms River, Humansdorp, Cape Colony. 

1905. §Fowlds, Hiram. 65 Devonshire-street, Keighley, Yorkshire. 

1909. fPowlds, Mrs. 65 Devonshire-street, Keighley, Yorkshire. 

1906. §Fowler, Oliver H., M.R.C.S. Ashcroft House, Cirencester. 

1883. *Fox, Charles. The Pynes, Warlingham-on-the-Hill, Surrey. 

1883, }Fox, Sir Charles Doitglas, M.Inst.C.E. (Pres. G, 1896.) Cross 

Keys House, 56 Moorgate-street, E.C. 

1904. *Fox, Charles J, J., B.Se., Ph.D., Professor of Chemistry in the 

Presidency College of Science, Poona, India. 

1904. §Fox, F. Douglas, M. A., M.Inst.C,E. 19 The Square, Kensington, W. 

1905. jFox, Mrs. F. Douglas. 19 The Square, Kensington, W. 

1883. jFox, Howard, F.G.S. Rosehill, Falmouth. 

1847. *Fox, Joseph Hoyland. The Clive, Wellington, Somerset. 

1900. *Fox, Thomas. Old Way House, Wellington, Somerset. 

1909. *Fox, Wilson Lloyd, Carmine, Falmouth. 

1908. §Foxley, Miss Barbara, M.A. 12 Lime-grove, ]\Ianohester. 

1881. *Foxwell, Herbert S., M.A., F.S.S. (Council, 1894-97), Professor 
of Political Economy in University College, London. St. 
John’s College, Cambridge. 

1907. §Fraine, Miss Ethel de, D.Sc., F.L.S. 223 Shrewsbury-road, Forest 

Gate, E. 

1905. {Frames, Henry J. Talana, St. Patriok’s-avenue, Parktown, 
Johannesburg. 

1905, {Frames, Mrs. Talana, St. Patrick’s-avenue, Parkto;yn, Johannes- 
burg. 

1905. {Francke, M. P.O. Box 1156, Johannesburg. 

1887. *Frankland, Percy F., Ph.D., B.So., F.R.S. (Pres. B, 1901), PrcT- 
fessor of Chemistry in the University of Birmingham. 

191Q. ’^‘Franklin, George, Litt.D. Tap ton Hall, Sheffield. 

1911. §Fbaser, Dr. A. Mearns. (Local Secbet^ary, 1911.) Town Hall, 
Portsmouth. 

1895. {Fraser, Alexander. 63 Church-street, Inverness. 

1885. {Fraser, Angus, M.A., M.D., F.G.S. (Local Sec. 1885.) 232 Union- 
street, Aberdeen, 

1906. *Fbasee, J^Iiss Helen C. I., D.Sc., F.L.S., Department of Botany, 

Birkbeek College, London. 27 Lincoln’s Inn-fields, W.C. 

1871. {Fraser, Sir Thomas R., M.D., F.R.S., F.R.S.E., Professor of 
Materia Medica and Clinical Medicine in the University of 
Edinburgh, 13 Drumsheugh-gardens, Edi^tburgh. 

1884. *Feemantle, The Hon. Sir C. W., K.C.B. (Pres. F, 1892 ; Council, 

1897-1903.) 4 Lower Sloane-street, S.W. 

1906, IFrench, Fleet-Surgeon A. M. ]^ngley, Beaufort-road, Kingston- 
on-1ham<^. 



LIST OF MEMBEES: 1910. 


33 


Year of • 

Election. 

1909. §Frencli, Mrs. Harriet Suite E, Gline’s-blocj^, Portage-avenue, 

Winnipeg, Canada. 

1905. {Frencli, Sir Somerset R., K.C.M.G. 100 Victoria -street, S.W. * 

1886. {Freshfield, Douglas W., F.R.G.S. (Pres. E, 1904.) 1 Airlie- 

gardens, Campden Hill, W. 

1901. JFrew, William, Ph.D. King James-place, Perth. 

1887. *Fries, Harold H., Ph.D. 92 Reade-street, New York, U.S.A. 

1906. §Fritsch, Dr. F. E. 77 Chatsworth-road, Brondesbury, N.W. 

1892. *F?ost, Edmund, M.D. Chesterfield-road, Eastbourne. 

1882. §Frost, Edward P., J.P. West Wratting Hall, Cambridgeshire. 

1887. ‘“Frost, Robert, B.So. 55 Kensington-court, W. 

1898. JFry, The Right Hon. Sir Edward, G.C.B., D.C.L., LL.D., F.R.S., 
F.S.A. Failand House, Failand, near Bristol. 

1905. JFry, H. P.O. Box 46, Johannesburg. 

1875. *Fry, Joseph Storrs. 16 Upper Belgrave-road, Clifton, Bristol. 

1908. JFry, M. W. J,, M. A. 39 Tiinity College, Dublin. 

1905. ‘“Fry, William, J.P., F.R.G.S. Wilton House, Merrion-road, Dublin. 

1898. JFryer, Alfred C., Ph.D. 13 Eaton-crescent, Clifton, Bristol, 

1872. ^Fuller, Rev. A. 7 Sydenham-hill, Sydenham, S.E. 

1869. tFuuLER, G., M,Inst.C.E. (Local Sec. 1874.) 71 Lexham-gardens, 
Kensington, W. 

1910, §Gadow, H. F., Ph.D., F.R.S. Zoological Laboratory, Cambridge. 
1863. ‘“Gainsford, W. D. Skendleby Hall, Spilsby. 

1906. §Gajjar, Professor T. K., M.A. Techno-Chemical Laboratory, near 

Girgaum Tram Terminus, Bombay. 

1885. *Gailaway, Alexander. Dirgarve, Aberfeldy, N.B. 

1875. tGALLOWAY, W. Cardiff. 

1887. *Galloway, W. J. The Cottage, Seymour-grove, Old Trafford, 

' Manchester. 

1905. JGalpin, Ernest E, Bank of Africa, Queenstown, Cape Colony. 
I860. *Galton, Sir Francis, M.A., D.C.L., D.Sc., F.R.S., F.R.G.S. (Gen. 

Sec. 1863-68 ; Pres. E, 1862, 1872 ; Pres. H, 1885 ; Council, 
1860-63.) 42 Rutland-gate, Knightsbridge, S.W. 

1888. AMBLE, J. Sykes, C.I.E., M.A., F.R.S., F.L.S. Highfield, East 

Liss, Hants. 

1899. *Garcke, E. Ditton House, near Maidenhead, 

1898. jGarde, Rev. C. L. Skenfrith Vicarage, near Monmouth, 

1905. "Gardiner, J. H. 59 Wroughton-road, Balham, S.W. 

1900. IGaediner, j. Stanley, M.A., F.R.S. , Professor of Zoology and 

Comparative Anatomy in the University of Cambridge. 
Gonville and Caius College, Cambridge. 

1887. {Gardiner, Walter, M.A., D.Sc., F.R.S. St. Awdreys, Hills- 
road, Cambridge. 

1882. ^Gardner, H. Dent, F.R.G.S. Fairmead, 46 The Goffs, East- 
bourne, 

1905. {Garlick, John, Thornibrae, Green Point, Cape Town. 

1905. {Garliok, R. C. Thornibrae, Green Point, Cape Town. 

1887. *Gamett, Jeremiah. The Grange, Bromley Cross, near Bolton, 
Lancashire. 

1882. {Garnett, William, D.C.L. London County Council, Victoria Em- 

bankment, W.C. 

1883. {Garson, G., M.D. (^Assist. Gen. Sec. 1902-04.) Moorcote, 

Eversley, Winchfield. 

1903. {Garstang, A. H, 20 Roe-lane, Southport. 

1903. *Garstang, T. James, M.A. Bedale’s School, Petersfield, Hamp- 

shire. ’ ** 
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1894. *Gaestah<^ Walter, M.A., D.So., F.Z.S., Professor of Zoology 
in the University of Leeds. 

1874. *Garstin, John Bibton, M.A., LL.B., M.R.I.A., F.S.A. Bragans- 
town, CastlebeUingham, Ireland. 

1905. JGarthwaite, E. H, B. S. A. Co., Bulawayo, South Africa. 

1889. f Garwood, Professor E. J., M.A., E.G.S. University College, 
Gower-street, W.C. 

1905. {Gaskell, Miss 0. J. The Uplands, Great Shelford, Cambridge. 

1905. JGaskell, Miss M. A. The Uplands, Great Shelfordp Cambridge. 
1896. *Gaskbll, Walter Holbrook, M. A., M.D., LL.D., E.B.S, (Pres. I, 

1896 ; Council, 1898-1901.) The Uplands, Great Shelford, 
Cambridge. 

1906. §Gaster, Lfeon. 32 Victoria-street, S.W, 

1905. {Gaughren, Right Rev. Dr. M. Dutoitspan-road, Kimberley. 

1905. *Gearon, Miss Susan. 55 Buckleigh-road, Streatham Common, 
S.W. 

1867. JGeikie, Sir Archibald, K.C.B., LL.D., D.Sc., Pres.R.S., P.R.S.E., 
F.G.S. (Presideht, 1892 ; Pres. C, 1867, 1871, 1899 ; Council, 
1888-1891.) Shepherd’s Down, Haslemere, Surrey. 

1871. JGeikie, James, LL.D., D.C.L., F.R.S., F.R.S.E., F.G.S. (Pres. C, 
1889 ; Pres. E, 1892), Murchison Professor of Geology and 
IVhneralogy in the University of Edinburgh. Ejlmorie, CoHn- 
ton-road, Edinburgh. 

1898. tGemmill, James F., M.A., M.D. 21 Endsleigh-gardens, Partick- 

hill, Glasgow. 

1882. *GBisrBSB, R. W., M.A., Professor of Mathematics in University 
CoUege, Aberystw;^h. 

1905. JGentleman, Miss A. A. 9 Abercromby-place, Stirling. 

1902. *Gepp, Antony, M.A., F.L.S. British Museum (Natural History), 
Cromwell-road, S.W. 

1899. *Gepp, Mrs. A. 7 Cumberland-road, Kew. 

1884. *Gerrans, Henry T., 20 St. John-street, Oxford. 

1909. §Gibbohs, W. M., M.A. (Local Sec. 1910.) The University, Shef- 
field. 

1905. §Gibbs, Miss Lilian S., F.L.S. 22 South-street, Thurloe-square, 
S.W. 


JGibson, Andrew. 14 Cliftonvilie-avenue, Belfast. 

§Gibson, Professor George A., M.A. 10 The University, Glasgow. 

♦Gibson, George Alexander, M.D., D.Sc., LL.D., F.E.^S.E. 3 Drums- 
heugh-gardena, Edinburgh. 

♦Gibson, Mrs. Margaret D,, LL.D. Castle Brae, Chestorton-lana, 
Cambridge. 

JGibson, R. j. Harvby, M.A., F.R.S.E., Professor of Botany in the 
University of Liverpool. 

♦Gibson, T. G. Lesbury House, Lesbury, R.S.O., Northumberland. 

JGibson, Walcot, F.G.S. 28 Jermyn-street, S.W. 

♦Gifford, J. William. Oaklands, Chard. 

§Gilbert, Lady. Park View, Englefield Green, Surrey. 

♦Gilbert, Philip H. 63 Tupper-street, Montreal, Canada. 

tGiLOHfeisT, J. D. F., M.A., Ph.D., B.So., F.L.S. Marine Biologist’s 
Office, Department of Agriculture, Cape Town. 

♦GII.OHR1ST, Percy C., F.R.S., M.Inst.C.E. Reform Club, Pall 
Mall, S.W. 

^ {Giles, Oliver. Brynteg, The Crescent, Bromsgrove. 

♦Gill, Sir David, K:.C.B., LL.D., D.Sc., F.R.S., Hon.F.R.S.E. 
(Sri^ident, 1907.) 34 De Vere-gardens, Kensington, W. 

72 Strand*road,'Toootle, Liverpool. 
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1908. tGill, T. P. Department of Agriculture and Technical Instruction 
for Ireland, Dublin. ^ 

1892? *Gilmour, Matthew A. B., P.Z.S. Saffronhali House, Windmill- 
road, Hamilton, N.B, 

1907. JGilmour, S. C. 25 Cumberland-road, Acton, W. 

1908. tGilmour, T. L. 1 St. John’s Wood Park, N.W. 

1893. *Gimingham, Edward. CJroyland, Clapton Common, N. 

1904. {Gmisr, S. R., D.L. (Local Sec. 1904.) Brookfield, Tnimpington- 
road, Cambridge. 

1884. JGirdwood, G. P., M.D. 28 Beaver Hall-terrace, Montreal, Canada, 
1886. *Gisbome, Hartley, M.Can.S.C.E. Yosall, Ladysmith, Vancouver 
Island, Canada. 

1883. *Gladstone, Miss. 19 Chepstow-villas, Bayswater, W, 

1871. *Glaishbr, J. W. L,, M.A., D.So., P.R.S., E.R.A.S. (Pres. A, 1890 ; 
Council, 1878-86.) Trinity College, Cambridge. 

1880. *Glantawe, Right Hon. Lord. The Grange, Swansea. 

1881. *Glazebrook, R. T., C.B., M.A., D.Sc., E.R.S. (Pres. A, 1893 ; 

Council 1890-94, 1905- ), Director of the National Physical 
Laboratory. Bushy House, Teddington, Middlese:8:. 

1881. ♦Gleadow, Frederic, 38 Ladbroke-grove, W. 

Glover, Thomas. 124 Manchester-road, Southport. 

1878. *Godlee, J. Lister. Wakes Colne Place, Essex. 

1880. JGodman, F. Dtr Cane, D.C.L., F.R.S., F.L.S., F.G.S. 10 Chandos- 
street, Cavendish -square, W. 

1879. JGodwin-Atjsten, Lieut. -Colonel H. H., F.R.S., F.R.G.S., F.Z.S, 

(Pres. E, 1883.) Nore, Godaiming. 

1878. JGoee, James. (Local Sec. 1878.) 29 Lower Leeson-street, 

Dublin. 

1908. *Gold, Ernest, M.A. 3 Devana-terrace, Cambridge. 

1906. iGoLDiE, Right Hon. Sir George D. T., K.C.M.G., D.C.L., F.R.S. 

(Pres. E, 1906 ; Council, 1906-07.) 44 Rutland-gate, S.W. 
1910. §Golding, John, F.I.C. Midland Agricultural and Dairy College, 
iSngston, near Derby. 

1898. JGoldney, F. Bennett, F.S.A. Goodnestone Park, Dover. 

1899. JGomme, Sir G. L., F.S.A. 24 Dorset-square, N.W. 

1890. *Gonner, E. C. K., M.A. (Pres. F, 1897), Professor of Political 
Economy in the University of Liverpool. 

1909. tGoodam Thomas. 303 Kennedy-street, Winnipeg, Canada. 

1907. §Goodricn, E, S., M.A., P.R.S., F.L.S. Merton College, Oxford. 

1884. *Goodridge, Richard E. W. Coleraine, Minnesota, U.S.A. 

1^4. |:Goodwin, Professor W. L. Queen’s University, Kingston, Ontario, 
Canada. 

1905. JGoold-Adams, Major Sir H. J., G.C.M.G., C.B. Government 
House, Bloemfontein, South Africa. 

1909. §Gordon, Rev. Charles W. 567 Broadway, Winnipeg, Canada. 

1909. JGordon, J. T. 147 Hargrave-street, Winnipeg, Canada. 

1909. ^Gordon, Mrs. J. T. 147 Hargrave-street, Winnipeg, Canada. 

1871. *Gordon, Joseph Gordon, F.C.S. Queen Anne’s-mansions, West- 
minster, S.W. 

1893. Mrs. M. M. Ogilvie, D.Sc. 1 Rubislaw-terrace, Aberdeen. 

1910. *Gordon, Vivian. Avonside Engine Works, Fishponds, Bristol. 
1901. JGorst, Right Hon. Sir John E., M.A., K.C., M.P., F.R.S. (Pres. L, 

1901.) "*21 Victoria-square, S.W. 

1875. *Gotoh, Francis, M.A., D^c., F.R.S, (Pres. I, 1906; Council, 
1901-07), Professor of Physiology in the University of Oxford. ‘ 
The Lawn, Banburyj: 5 iad, Oxford, 

1881. JGough, Rev. Thomas, B.SoT King Edward’s School, Retford. 

o 2 
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1901. tGoTJELAy, Robert. Glasgow. 

1901. JGow, Leonard. Hayston, Kelvinside, Glasgow. 

*1876. JGow, Robert. Cairndowan, Do wanbill-gardens, Glasgow. • 

1883. tGow, Mrs. Cairndowan, Dowanbill-gardens, Glasgow. 

1873. t^royder, Dr. D. Marley House, 88 Great Horton-road, Bradford, 
Yorkshire. 

1908. §Grabham, G. W., M.A., F.G.S. P.O. Box 178, Khartoum, 

Sudan. 

1886. JGrabham, Michael C., M.D. Madeira. • * 

1909. $Grace, J. H., M.A,, F.R.S. Peterhouse, Cambridge. 

1909, JGraham, Herbert W. 329 Kennedy-street, Winnipeg, Canada. 

1902. **‘Graham, William, M.D. District Lunatic Asylum, Belfast. 

1875. JGeahame, James. (Local Sec. 1876.) Care of Messrs. Grahame, 
Crums, & Connal, 34 West George-street, Glasgow. 

1904. §Gramont, Comte Arnaud de, D.Sc. 179 rue de i’Universit^, 

Paris. 

1896. JGrant, Sir James, K.C.M.G. Ottawa, Canada. « 

1908. *Grant, W. L. 10 Park-terrace, Oxford. 

1905, JGraumann, Harry. P.O. Box 2115, Johannesburg. 

1890. JGray, Andrew, M.A., LL.D., F.R.S., F.R.S.E., Professor of 
Natural Philosophy in the University of Glasgow. 

1905. JGray, C. J. P.O. Box 208, Pietermaritzburg, South Africa. 

1864. *Gray, Rev. Canon Charles. West Retford Rectory, Retford. 

1881. JGray, Edwin, LL.B. Minster-yard, York. 

1903. §Gray, Ernest, M.A. 99 Grosvenor-road, S.W. 

1904. {Gray, Rev. H. B., D.D. (Pres. L, 1909.) The College, Bradfield, 

Berkshire. 

1892. *Gray, James Hunter. M.A., B.Sc. 3 Crown Offioo-row, Temple, 
E.C. 

1904. {G'my, J. Marfarlane, 4 Ladhrohe-crescent, W. 

1892. §GRAy, John, B.Sc. 9 Park-hill, Clapham Park, S.W. 

1 887. {Gray, Joseph W,, F.G.S. St. Elmo, Leckhampton-road, Cheltenham. 

1887. {Gray, M. H., F.G.S. Lessness Park, Abbey Wood, Kent. 

1886. *Gray, Robert Kaye. I^essness Park, Abbey Wood, Kent, 

190L {Gray, R. W. University (Allege, W.C. 

1873. {Gray, William, M.R.I.A. Glenburn Park, Belfast, 

♦Gray, Colonel William. Farley Hall, near Reading. 

1866. §Greaves, Charles Augustus, M.B., LL.B. 84 Friar-gate, Derby. 

1893. *Greav6S, Mrs. Ehzabeth. Station -street, Nottingfiam. 

1910, §Greaves, R.,H., B.Sc. 12 St. John’s-crescent, Cardiif. 

1905. {Green, A. F. Sea Point, Cape Colony. 

1904. *Green, Professor A. G., M.Sc. The Old Gardens, Cardig«an-road, 
Headingley, Leeds. 

1904. §Green, F. W. 5 Wordsworth-grove, Cambridge. 

1906. §Green, J. A., M.A., Professor of Education in the University of 

Sheffield. 

1888. §Green, j. Reynolds, M.A., D.Sc., F.R.S., F.L.S. (Pres. K, 1902.) 

Downing College, Cambridge. 

1903. {Green, W. J. 76 Alexandra-ro^, N.W. 

1908. {Green, Rev, William Spotswood, C.B., F.R.G.S. 6 Cowper-villas, 

Cowper-road, Dublin. 

1909. {Greenfield, Joseph, P.O. Box 2935, Winnipeg, Canada. 

1882. {Gbeenhill, Sir A. G., M.A., F.R.S. 1 Stapfe Inn, W.C. 

1905. {Greeiahill, Henpr H. P.O. Box 172, Bloemfontein, South Africa. 
19^^ {Gre^hill, William. 6a George-street, Edinburgh. 

^ Edward, F.G.S- Aolpiashean, near Bangor, North 
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1875. § Greenwood, Dr. Frederick. Brampton, Ohesterfidld. 
1906.#lGreenwood, Hamar. National Liberal Club, Whitehall-place,. 
S.W. 

1894. ®*‘Gbegoky, J. Walter, D.Sc., F.R.S., F.G.S. (Pres. 0, 1907), Pro- 
fessor of Geology in the University of Glasgow. 

1896. *GREaoRY, Professor R. A., F.R.A.S. Dell Quay House, near 
Chicbester. 

1904. *Grdfeory, Jl. P., M.A. 156 CJhesterton-road, Cambridge. 

1881. {Gregson, William, F.G.S, 106 Victoria-road, Darlington. 

1836. Griffin, S. F. Albion Tin Works, York-road, N. 

1894. *Griffitb, C. L. T,, Assoo.M.Inst.C.E. Municipal Offices, Madras. 

1908. §Griffitli, John P. Rathmines Castle, Rathmines, Dublin. 

1884. JGeiyeiths, E. H., M.A., D.Sc., F.R.S. (Pres. A, 1906), Principal 
of University College, Cardiff. 

1884. JGiiffiths, Mrs. iJniversity College, Cardiff. 

• 1847. jGriffiths, Thomas. The Elms, Harbome-road, Edgbaston, Bir- 
mingham. 

1903. JGriffiths, Thomas, J.P. 101 Manchester-road, Southport. 

1888. *Grimshaw, James Walter, M,Inst.C.E. St. Stephen’s Club, West* 

1894. IGeoom, Professor P., M.A., P.L.S. Hollywood, Bgham, Surrey. 
1894. JGroom, T. T., M.A., D.Sc., F.G.S., Professor of Geology in the 
University of Birmingham. 

1909. *Grossman, Edward L., M.D. Steilacoom, Washington, U.S.A. 

1896. JGrossmann, Dr. Karl. 70 Rodney-street, Liverpool. 

1904. iGrosvenor, G. H. New College, Oxford. , , ^ „ 

1869. JGbxtbb, Sir Howard, F.R.S., F.R.A.S. Rockdale, Orwell-road, 

Rathgar, Dublin. 

1897. JGriinbaum, A. S-, M.A., M.D. School of Medicine, Leeds. 

1910. §Grundy, James. 8 Grosvenor-gardens, Cricklewood, N.W. 

1887. tGuiLLEMABD, F. H. H., M.A., M.D. The MiU House, Trumpington, 
Cambridge. 

1905. *Gunn, Donald. Royal Societies dub, St. James’s-street, S.W. 
J909. tGunne, J. R., M.D. Kenora, Ontario, Canada. 

1909. iGunne, W. J., M.D. Kenora, Ontario, Oan^a. 

1866. IGunthee, Albert C. L. G., M.A., M.D., Ph.D., F.R.S., F.L.S., 
F.Z.S. (Pres. D, 1880.) 22 Lichfield-road, Kew, Surrey. 

1894. tGiintheif, B. T. Magdalen College, Oxford. 

1880. §Guppy, John J. Ivy-place, High-street, Swansea. 

1904. §Gurney, Eustace. Sprowston Hall, Norwich. 

1902. *Gurney, Robert. Ingham Old Hall, Stalham, NorfoDc. 

1904. {Guttmann, Professor Leo F., Ph.D. Queen’s University, Kingston, 

Canada. 

1905. tHacker, Rev. W. J. Edendale, Pietermaritzburg, South Africa. 
1908. *Hackett, Felix E. Royal CoUege of Science, Dublin. 

1881. *HAJ)DOi!r, Ai^red Cort, M. A., D.Sc., F.R.S., F.Z.S. (Pres. H, 1902, 

1905; Council, 1902-08, 1910- .) Inisfail, Hills-road, 
Cambridge. 

1905. JHaddon, Miss. Inisfail, HiUs-roa<^ Cambridge. ot, « 

1888 %adfield, Sir R. A., F.R.S., M.Inst.C.E. Parkhead House, Sheffield. 

1905. JHaJin, Profewsor P. D., M.A., Ph.D. York House, Gardens, Cape 

Town. 

1906, tHake, George W. Oxford, Ohio, U.S.A. 

1894. IHaldake, John Scott, M.A., M.D., F.R.S. (Pres. 1, 1908), Reader 
in Phy^ology in University of Oxford. Cherwell, 
Oxfords 
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1909. §Hale, W. H., Ph.D. 40 Pirst-place, Brooklyn, New York, IJ.S.A, 
1899. JHall, a. D., M.A., B.R.S. (Council, 1908- ), Director of the 
Rothamsted Experimental Station, Harpenden, Herts. 

1909. §Hall, Archibald A., M.Sc., Ph.B. Armstrong College, Newcastle- 
on-Tyne. 

1903. JHall, E. Marshall, K.O. 76 Cambridge-terrace, W. 

1879. *Hall, Ebenezer. Abbeydale Park, near Sheffield. 

1883. *Hall, Miss Emily. 63 Belmont-street, Southport. , ♦ 

1854. *Hall, HxrGH Feroxe, F.G.S. Cissbury Court, West Worthing, 
Sussex. 

1899. {Hall, John, M.D. National Bank of Scotland, 37 Nioholas-lano, 
E.O. 

1884. §Hall, Thomas Proctor, M.D. 1301 Davie-street, Vancouver, B.C., 

Canada. 

1908. *Hall, Wilfred, Assoc.M.Inst.C.E. 9 Prior’s-terrace, Tynemouth, 
N orthumberland. 

1891. *Hallett, George. Cranford, Victoria-square, Penarth. 

1873, *Hallett, T. G. P., M.A. Claverton Lodge, Bath. 

1888. §HALLiBtrRTON, W. D., M.D., LL.D., F.B.S. (Pres. 1, 1902 ; Council, 
1897-1903), Professor of Physiology in King’s College, London 
Church Cottage, 17 Marylebone-road, N.W. 

1905. {Halliburton, Mrs. Church Cottage, 17 Marylebone-road, N.W. 

1904. *HalUdie, A. H. S. Avondale, Chesterheld-road, Eastbourne. 

1908. {HaUitt, Mrs. Steeple Grange, Wirksworth. 

1908. *Hamel, Egbert Alexander de. Middleton Hall, Tamwortii. 

1883. *Hamel, Egbert D. de, Middleton Hail, Tamworth. 

1904. *Hamel de Manin, Anna Countess de. 35 Circus-road, N.W. 

1906. {Hamiil, John Molyneux, M.A., M.B. 14 South-parade, Chiswick, 
1906. {Hamilton, Charles I. 88 Tw^ord-avenue, Acton. 

1909. {Hamilton, F. C. Bank of Hamilton-chambers, Winnipeg, Canada. 
1902. {Hamiltoit, Rev. T., D.D. Queen’s College, Belfast. 

1909, {Hamilton, T. Glen, M.D. 264 Renton-avenue, Winnipeg, Canada. 

1905. {Hammersley-Heenan, R. H., M,Inst.0.B. Harbour Board Offices, 

Cape Town. 

1905. {Hammond, Miss Edith. High Dene, Woldingham, Surrey, 

1881, * H a mm ond, Robert, M.Inst.C,E. 64 Wetoria-street, Westminster, 
S.W. 

1899. *Hanbury, Daniel. Lenqua da Ck, Alassio, Italy. ^ 

1878. {Hance, E. M. Care of J. Hope Smith, Esq., 3 Leman-street, E.C. 
1909. §Hancook, C. B. Manitoba Government Telephones, Winnipeg, 
Canada. 

1905. *H!ancock, Strangman. Kennel Holt, Cranbrook, Kent. 

1890. XHanhin, Brnest Ho/fibuvy. St, JohitCs CollegCf Gawibridge, 

1906. §Hanson, David. Salterlee, Halifax, Yorkshire. 

1904. §Hanson, E. K. 2 The Parade, High-street, Watford ; and Wood- 
thorpe, Royston Park-road, Hatch End, Middlesex, 

1869. ^Harcotot, a. G, Vbknoh, M.A., D.C.L., LL.D., D.Sc., F.R.S., 
V.P.aS. (Gey. Seo. 1883-97; Pres. B, 1875; Council, 
# 1881-83.) St. Clare, Ryde, Isle of Wight. 

1909. §Hareourt, George. Department of Agriculture, Edmonton, Alta., 
Canada. 

1886. *Hardcastle, Colonel Basil W., F.S.S. 12 Gafeisborough-gardens, 
Hhmpstea^ N.W. 

1902. ^MARncASTLB, Miss FHANcey, 25 Boundary-road, N,W, 

Alfred. The Dial House, Growthome, Berkshire, 

‘ , KSb., F-R-S. lister Institute of 

1 1 . ! V‘ Medicine, Chelsea-gardeus, Grosvenoor.road, S.W. 
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1905. JHardie, Miss Mabel, M.B, High-lane, via Stockport. 

1877* .tHarding, Stephen. Bower Ashton, Clifton, Bristol. ^ 

1894. JHardman, S. 0. 120 Lord-street, Southport. 

1909. §Hardy, W. B., M.A., F.R.S. Gonville and Cains College, Cam- 
bridge. 

1881. JHargrove, William Wallace. St. Mary’s, Bootham, York. 

1890. ^Hahkeb, Alpbeb, M.A., F.R.S., F.G.S. St. John’s College, Cam- 

• bri^e. 

1896. JHarker, John Allen, D.Sc., F.R.S. National Physical Laboratory, 
Bushy House, Teddington. 

1875. *Harland, Rev. Albert Augustus, M.A., F.G.S., F.L.S., F.S.A. The 

Vicarage, Harefield, Middlesex. 

1905. JHarland, H. C. P.O. Box 1024, Johannesburg. 

1877. *Harland, Henry Seaton. 8 Arundel-terrace, Brighton. 

1883. *Harley, Miss Clara. Rosslyn, Westbourne-road, Forest-hill, S.E. 

» 1868, *Habmeb, F. W., F.G.S. Oakland House, Cringleford, Norwich. 
1881. *Haemer, Sidney F., M.A., Sc.D., F.R.S. (Pres. D, 1908.) 

KeeiDer of the Department of Zoology, British Museum 
(Natural History), Cromwell-road, S.W. 

1906. JHarper, J. B. 16 St. George s-place, York. 

1842. *H arris, G. W. Millicent, South Australia. 

1909. JHarris, J. W. Civic Offices, Winnipeg. 

1903. JHarris, Robert, M.B. Queen’s-road, Southport. 

1904. ’‘TIarrison, Frank L., B.A. The Grammar School, Soham, Cam- 

bridgeshire. 

1904. JHarrison, H. Spencer. The Homiman Museum, Forest-hiU, S.E. 
1892. tHARKESON, John. (Local Sec. 1892.) Rockville, Napier-road, 

Edinburgh. 

1870. JHAeeison, Reginald, F.R.O.S. (Local Sec. 1870.) 6 Lower 

Berkeley-street, Portman-square, W. 

1892. JHarrison, Rev. S. N. Ramsey, tale of Man. 

1901. ^Harrison, W. E. 17 Soho-roa^ Handsworth, Staffordshire. 

1885. JHaet, Colonel C. J. (Local Sec. 1886.) Highfield Gate, Edgbaston, 

Birmingham. 

1909. jHart, John A. 120 Emily-street, Winnipeg, Canada. 

1876. ♦Hart, Thomas, Brooklands, Blackburn. 

1903. *Hart, Thomas Clifford. Brooklands, Blackburn. 

1907. §Hart,<W. E. Kilderry, near Londonderry. 

1893. *Hartland, E. Sidney, F.S.A. (Pres. H, 1906 ; Council, 1906- .) 

• Highgarth, Gloucester. 

1905. JHartland, Miss. Highgarth, Gloucester. 

1871. *Habtley, Walter Noel, D.Sc., F.R.S., F.R.S.E., F.0,S. (Pres. B, 

1903), Professor of Chemistry in the Royal College of Science, 
Dublin. 10 Elgin-read, Dublin. 

1886. *Hartog, Professor M. M., D.Sc. University College, Cork. 

1887. JECartog, P. J., B.Sc. University of London, South Kensington, 

S.W. 

1905. JHarvey-Hogan, J. P.O. Box 1277, Johannesburg. 

1885. §Harvie-Brown, J. A. Dunipace, Larbert, N.B. 

1862. ♦Harwood, John. Woodside Mills, Bolton-le-Moors. 

1893. §Haslam, Lewis, 44 Evelyn-gardens, S.W. 

1903. *Hastie, Miss J. A. Care of Messrs. Street & Co,, 30 Comhill, E.C. 

1903. JHastie, William. 20 Elswick-row, Newcastle-on-Tyne. 

1904. JHastings, G. 15 Oak-lalie, Bradford, Yorkshire. 

1875. *Hastings, G. W. (Pres. F, 1880.) Chapel House, Chipping 
Nortem. 

1903. JHastings, W. G. W. 2 Halsey-street, Cadogan-gardens, S.W. 
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1889. JHatch, Fi H., Ph.D., P.G.8. Sonihacro, Tnunpington-road, 
Cambridge. * 

1903. JHatbaway, Herbert G. 45 High-street, Bridgnorth, Salop. 

1904. *Haughton, W. T. H. The Highlands, Great Barford, St. Neois. 

1908. §Havelock, T. H. Rookliflc, Gosiorih, Newoastle-on-Tyne. 

1904. JHavilland, Hugh de. Eton College, Windsor. 

1887. *Hawkins, William. Earlston House, Broughton Park, Manchester. 
1872. *Hawkshaw, Henry Paul. 58 Jermyn-street, St. James’s, ^.W. 

1864. *Hawkshaw, John Clarke, M.A., M.Inst.C.E., F.G.S. (Council, 
1881-87.) 22 Down-street, W., and 33 Great George-street, 
S.W. 

1897, §HAWKSLBy, Charles, M.Inst.C.E., F.G.S. (Pres. G, 1903; Council, 
1902-09.) Caxton House (West Block), Westminster, S.W. 

1887, ’^'Haworth, Jesse. Woodside, Bowdon, Cheshire. 

1861. *Hay, Admiral the Right Hon. Sir John C. D., Bart., G.C.B.. 

D.G.L., F.R.S. 108 St. George’s -square, S.W. 

1885. *Haycraft, John Berry, M.D., B.So., F.R.S.E., Professor of 
Physiology in University College, Cardiff. 

1900. §Hayden, H. H., B.A., F.G.S. Geological Survey, Calcutta, India. 
1903. *Haydock, Arthur. 155 Leamington -road, Blackburn. 

1903. f Hayward, Joseph William, M.Sc. Keldon, St. Marychurch, 
Torquay. 

1896. ^Haywood, Colonel A. G. Rearsby, Merrilocks-road, Blundellsands. 
1879. ^Hazelhurst, George S. The Grange, Roekferry. 

1909. jHeaman, J. A., B.So. Suite 20, Moxam-court, Winnipeg, Canada. 
1883. JHeape, Joseph R. Glebe House, Rochdale. 

1882. *Heape, Walter, M.A., F.R.S. Greyfriars, Southwold, Suffolk. 

1909. JHeard, Mrs. Sophie, M.B., Ch.B. Care of Major R. Heard, Lower 

Mall, Lahore, India. 

1908. §Heath, J. St. George, B.A. Woodbrooke Settlement, Selly Oak, 

near Birmingham. 

1902. JHeath, J. W, Royal Institution, Albemarle-street, W. 

1909. {Heathcote, F. C. C. Broadway, Winnipeg, Canada. 

1902. JHeathora, Captain T. B., R.A. 10 Wilton -place, Knightsbridge, 

1883. JHeaton, Charles. Marlborough House, Hesketh Park, Southport. 
1892. *Heaton, William H., M.A. (Local Sec. 1893), Professor of Physios 

in University College, Nottingham. 

1889. ^Heaviside, Arthur West, I.S.O, 12 Tring-avenue, Ealing, W. 

1888. *Heawood, Edward, M. A. Briarfield, Church -hiU, Merstham, Surrey .r 
1888. *Heawood, Percy J., Lecturer in Mathematics in Durham Univer- 
sity. 41 Old Elvet, Durham. 

1887. *Hedges, Killingwoeth, M.Inst.C.E. 10 Cranley-place, South 
Kensington, S.W. 

1881. *Hele-Shaw; H. S., LL.D., F.R.S., M.Inst.C.E. 64 Victoria- 
street, S.W. 

1901. *Heller, W. M., B.So. 40 Upper Sackviile-street, Dublin, 

1905. {Heilman, Hugo. Rand Club, Johannesburg. 

1887. §Hembry, Frederick William, F.R.M.S. Langford, Sidoup, Kent. 
1899. {Hemsalech, G. A., D.So. The Owens College, Manchester. 

1905. ^Henderson, Andrew. 17 Belhaven-terrace, Glasgow. 

1905, *Henderson, Miss Catharine. 17 Belhaven-terraco»» Glasgow. 

1891. ^Henderson, G. G., D.Sc., M.A., F.I.C., Professor of Chemistry 
m the Glasgow and West^of Scotland Technical College, 
Glasgow. 

Technical Colleg»rGlasgow. 

1907. |Henderaon» H. F. Felday, Morland-avenue, Leicester. 
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1906. tHenderson, J. B., D.So., Professor of Applied %[eoliaiiios in the 
« Koyal Naval College, Greenwich, S.E. • 

1909. JHenderson, Veylien E. Medical Building, The University, Toronto 
Canada. 

1909. JHenderson, W. G. Louise Bridge, Winnipeg, Canada. 

1880. ‘•'Henderson, Vice-Admiral W. H., R.N. 12 Vicarage-gardens, 
Campden Hill, W. 

1904. *Hlndrict, James. Marischal College, Aberdeen. 

1910. §Heney, T. W. Sydney, New South Wales. 

1910. ’•'Henrici, Captain E. 0., R.E., A.Inst.C.E. Ordnance Survey Office, 
Southa.mpton. 

1873. *Henrici, Olaus M. P. E., Ph.D., E.R.S. (Pres. A, 1883 ; Council, 

1883-89), Professor of Mechanics and Mathematics in the City 
and Guilds of London Institute, Central Institution, Exhibi- 
tion-road, S.W. 34 Clarendon-road, Netting Hill, W. 

1910. §Henry, Hubert, M.D. 304 Giossop-road, Sheffield. 

1906. t Henry, Dr. T. A. Imperial Institute, S.W. 

1909. *Hensiiall, Robert. Sunnyside, Latchford, Warrington. 

1892. ^Hepburn, David, M.D., F.R.S.E., Professor of Anatomy in Univer- 
sity College, Cardiff. 

1904. :|;Hepworth, Commander M. W. C., C.B., R.N.R. Meteorological 

Office, Victoria-street, S.W. 

1892. *Herbertson, A. J., M.A., Ph.D. (Pres. E, 1910), Professor of Geo- 

graphy in the University of Oxford. 43 Banbury-road, Oxford. 
1909. JHerbinson, William. 376 Ellice-avenue, Winnipeg, Canada. 

1902. JHerdman, G, W., B.Sc., Assoo.M.Inst.C.E. Irrigation and Water 

Supply Department, Pretoria. 

1887. *Heedmak, William A., D.Sc., P.R.S., E.R.S.E., E.L-S. (General 
Secretary, 1903- ; Pres. D, 1895 ; Council, 1894-1900 ; 
Local Sec. 1896), Professor of Natural History in the University 
of Liverpool. Croxteth Lodge, Sefton Park, Liverpool. 

1893. *Herdman, Mrs. Croxteth Lodge, Sefton Park, Liverpool. 

1909. |Herdt, Professor L, A. McGill University, Montreal, Canada. 
1875. .fHEREEORD, The Right Rev. John Percival, D.D., LL.D., Lord 

Bishop of. (Pres. L, 1904.) The Palace, Hereford. 

1908. *Herring, Dr. Percy T. The University, St. Andrews, N.B. 

1874. §Hersohel, Colonel John, R.E., E.R.S., F.R.A.S. Observatory 

H8use, Slough, Bucks. 

1900. ‘•'Herschel, Rev. J. C. W. Fircroft, Wellington College Station, 
• Berkshire. 

1905. JHervey, Miss Mary F. S. 22 Morpeth-mansions, S.W. 

1903. *Hesketh, Charles H. Fleetwood, M.A. Stocken Hall, Stretton, 

Oakham. 

1895. §Hesketh, James. 5 Scarisbrick Avenue, Southport. 

1905. JHewat, M. L., M.D, Mowbray, near Cape Town, South Africa. 

1894. JHewetson, G. H. (Local Sec. 1896.) 39 Herdey-road, Ipswich. 
1894. {Hewins, W. A. S., M.A., F.S.S. 15 Chartfield-avenue, Putney 

Hill, S.W. 

1908. {Hewitt, Dr. C. Gordon. Central Experimental Farm, Ottawa. 

1896. §Hewitt, David Basil, M.D. Oakleigh, Northwioh, Cheshire. 

1903. {Hewitt, E. G. W. 87 Princess-road, Moss Side, Manchester. 

1909, §Hewitt, F, W., M.V.O., M.D. 14 Queen Anne-street, W. 

1903. {Hewitt, J ohn Theodore, M.i^, D.Sc., Ph.D., F.R.S. Clifford House, 
Staines-road, Bedfont, Middlesex. 

1909. §Hewitt, W., B.Sc. 16 Clarence-road, Birkenhead. 

1882. *Heyoook, 0]^!ajrles T., IVCA., F.R.S. 3 St. Peter’s-terrace, Cam- 
bridge. 
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1883. JHeyes, B>Sv, John Frederick, M.A., F.R.G.S. St. Barnabas 
• Vicarage, Bolton. • 

1866. *Heymann, Albert. West Bridgford, Nottinghamshire. 

1901. *Heys, Z. John. Stonehouse, Barrhead, N.B. 

1886. JHeywood, Henry, J.P. Witla Court, near Cardiff. 

1898. JHicks, Henry B. 44 Pembroke-road, Clifton, Bristol. 

1877. §Hioks, W. M., M.A., D.Sc., F.R.S. (Vice-Pres. 1910 ; Pres. A, 
1895), Professor of Physics in the University ofiSheffield. 
Leainhurst, Ivy Park-road, Sheffield. 

1886. {Hicks, Mrs. W, M. “ Leamhurst, Ivy Park -road, Sheffield. 

1887. *Hickson, Sydney J., M.A., D.Sc., F.R.S. (Pres. D, 1903), Pro- 

fessor of Zoology in Victoria University, Manchester. 

1864. *Hiern, W. P., M.A., F.R.S. The Castle, Barnstaple. 

1891. {Higgs, Henry, C.B., LL.B., F.S.S. (Pres. F, 1899 ; Council, 
1904-06.) H.M. Treasury, Whitehall, S.W. 

1909. {Higman, Ormond. Electrical Standards Laboratory, Ottawa. 

1907. {Hiley, E. V. (Local Sec. 1907.) Town Hall, Bii'mingham. 

1885. *Hill, Alexander, M.A., M.D. Downing College, Cambridge. 

1903. *Hill, Arthur W., M.A., F.L.S. Royal Gardens, Kew. 

1906. §Hill, Charles A., M.A., M.B. 13 Rodney-street, Liverpool. 

1881. *Hill, Rev. Edwin, M.A. The Rectory, Cockfield, Bury St. 
Edmunds. 

1908. *Hill, James P., D.Sc., Professor of Zoology in University College, 

Gower-street, W.C. 

1886. {Hill, M. J, M., M.A., D.Sc., F.R.S., Professor of Pure Mathematics 

in University College, W.C. 

1898. *Hill, Thomas Sidney. 143 Alexandra-road, St. John’s Wood, N. W. 

1907. drills, Major E. H., GM.G., R.E., F.R.G.S. (Pres. E, 1908.) 

32 Prince’s-gardens, S.W. 

1903, *Hilton, Harold. 73 Platt’s-lane, Hampstead, N.W. 

1903. *Hind, Wheelton, M.D., F.G.S. Roxeth House, Stoke-on-Trent. 
1870. {Hindb, G. j., Ph.D., F.R.S., F.G.S. Ivythorn, Avondale-road, 
South Croydon, Surrey. 

1910. §Hindle, Dr. Edward. Quick Laboratory, Cambridge. 

1883. *Bhndle, James Henry. 8 Cobham-street, Accrington. 

1898. §Hinds, Henry. 57 Queen-street, Ramsgate. 

1900. §Hinks, Arthur R., M.A. The Observatory, Cambrige. 

1903. *Hinmers, Edward. Glentwood, South Downs-drive, Hale, 

Cheshire. 

1899. {Hobday, Henry. Hazelwood, drabble Hill, Dover. ^ 

1887. *Hobson, Bernard, M.So., F.G.S, Thornton, Hallam Gate-road, 

Sheffield. 

1883. {Hobson, Mrs. Carey. 5 Beaumont-crescent, West Kensington, W. 

1904. §Hobson, Ernest Wiluam, Sc.D., F.R.S. (Pres. A, 1910). Sadlorian 

Professor of Pure Mathematics in the University of Cambridge. 
The Gables, Mount Pleasant, Cambridge. 

1907. {Hobson, Mrs. Mary. 6 Hopefield-avenue, Belfast. 

1877. {Hodge, Rev. John Mackey, M.A. 38 Tavistock-place, Plymouth, 

1887. *HodgMnson, Alexander, M.B., B.Sc., Lecturer on Laryngology 
in the Victoria University, Manchester. 18 St. John-street, 
^Manchester 

1880. {Hodgkinson, W.' R. Eaton, Ph.D., F.R.S.E., ff'.G.S., Professor of 
Chemistry and Physics iurthe Royal Artillery College, Wool- 
wich. 18 Glenluce-road, Blaokheath, S.E. 

1905. {Hodgson, Ven. Archdeacon R. The Rectory, Wolverhampton. 

1909. {Hodgson, R. T., M.A. Collegiate Institute, ^Brandon, Manitoba, 

Canada. 
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189,8. JHodgson, T. V. Municipal Museum atid Art Gallery, Plymouth. 
1901:. §Hodson, F. Bedale’s School, Petersfield, Hampsliire. ^ 

1904. JHooARTn, D. G., M.A. (Pres. H, 1907 ; Council, 1907-10.) 20 St. 

Giles’s, Oxford. 

1894. %Eogg, A. F., M.A, 13 Victoria-road^ Darlington. 

1908, iHogg, Right Hon. Jonathan. Stratford, Rathgar, Co. Dublin. 

1907. JHolden, Colonel H. C. L., R.A., F.R.S. Gifford House, Black- 

• heath, S.E. 

1883, JHolden, John J. 73 Albert-road, Southport. 

1887. *Holder, Henry William, M.A. Beechmount, Amside. 

1900. JHoldich, Colonel Sir Thomas H., R.E., K.C.B., KC.I.E., F.R.G.S. 

(Pres. E, 1902.) 41 Courtfield-road, S.W. 

1887. *Holdsworth, C. J. Fernhill, Alderley Edge, Cheshire. 

1904. §Holland, Charles E. 9 Downing-place, Cambridge. 

1903. §Holland, J. L., B.A. 3 Primrose-hill, Northampton. 

1896. {Holland, Mrs. Lowfields House, Hooton, Cheshire. 

1898. {Holland, Sir Thomas H., K.C.I.E., F.R.S., F.G.S., Professor of 
Geology in the Victoria University, Manchester. 

1889. {Hollander, Bernard, M.D. 35a Welbeck-street, W. 

1906. *Hollingworth, Miss'. Leithen, Newnham-road, Bedford. 

1905. {Hollway, H. C. Schunke. Plaisir de Merle, P.O. Simondium, viit 

Paarl, South Africa. 

1883. *Holmes, Mrs. Basil. 23 Corfton-road, Ealing, Middlesex, W. 

1866. *Holmes, Charles. 37 Margaret-street, W. 

1882. *Holmes, Thomas Vincent, F.G.S. 28 Croom’s-hill, Greenwich, S.E. 

1903. *Holt, Alfred, jun. Crofton, Aigburth, Liverpool. 

1875. *Hood, John. Chesterton, Grencester. 

1904. §Hooke, Rev. D. Burford, D.D. Bonchurch Lodge, Barnet. 

1847. {Hooker, Sir Joseph Dalton, G.C.S.I., C.B., M.D., D.C.L., LL.D., 

F.R.S., F.L.S., F.G.S., F.R.G.S. (President, 1868 ; Pres. E, 
1881 ; Council, 1866-67.) The Camp, Sunningdale, Berkshire. 
1892. {Hooker, Reginald H., M.A. 3 Clement’s Inn, W.C. 

1908. *Hooper, Frank Henry. Clare College, Cambridge. 

1865. *Hooper, John P. Deepdene, Streatham Common, S.W. 

1877. *Hooper, Rev. Samuel F., M.A. Lydlinch Rectory, Sturminster 
Newton, Dorset, 

1904. {Hopewell-Smith, A., M.R.O.S. 37 Park-street, Grosvenor-square, 

S.W. 

1905. ’^'Hopkins, Charles Hadley. Junior Constitutional Gub, 101 Picca- 

• ’ dilly, W. 

1901. *Hopkinson, Bertram, M. A., F.R.S.,F.R.S.E., Professor of Mechanism 

and Applied Mechanics in the University of Cambridge. 
Adams-road, Cambridge. 

1884. *Hopkinson, Charles. (Local Sec. 1887.) The Limes, Didsbury, 

near Manchester, 

1882. *Hopkinson, Edward, M.A., D.Sc. Ferns, Alderley Edge, Cheshire. 
1871. *Hopkinson, John, Assoc.Inst.C.E., F.L.S., F.G.S., F.R.Met.Soo, 
84 New Bond-street, W. ; and Weetwood, Watford. 

1905. {Hopkinson, Mrs. John. Holmwood, Wimbledon Common, S.W. 
1898. *Hornby, R., M.A. Haileybury College, Hertford. 

1910. §Horne, Arthur S. 48 Highbury, Newcastle-on-Tyne. 

1885. {Horne, JbHN, LL.D., F.R.S., F.R.S.E., F.G.S. (Pres. C, 1901.) 

Geological Survey OlSioe, Sheriff Court-buildings, Edinburgh. 
1903. {Home, William, F.G.S. Leybum, Yorkshire. 

1902. {Horner, John. ChelsejjAntrim-road, Belfast. 

1905. *HorsburghC E. M., M.A.,"B.Sc., Lecturer in Technical Mathematics 
in the University of Edinburgh. 
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1887. JHorsfall, T.^. Swanscoe Park, noa-r Macclesfield. 

1803. ^Horsley, Sir Victor A. H., LL.D., B.So., F.K.S., F.E.CkS. 

(Council, 1893-98.) 25 Cavoudisb-squaro, W. 

1908. §Horton, E. St. John’s College, Cambridge. 

1884. *Hotblack, G. S. Brundall, Norwich. 

1899. tHotblack, J. T., E.G.S. 45 Newmarket-road, Norwich* 

1906. *Hough, Miss Ethel M. Codsall Wood, near Wolverhampton. 

1859. JHough, Joseph, M.A., E.R.A.S. Codsall Wood, Wolyerha#ipton. 
1896. *Hough, S. S., M.A., F.R.S.,E.R.A.S., His Majesty’s Astronomer at 
the Cape of Good Hope. Royal Observatory, Cape Town. 

1906. §Houghting, A. G. L. Glenelg, Musgrave-road, Durban, Natal. 

1905. JHouseman, C. L. P.O. Box 149, Johannesburg. 

1908. {Houston, David, F.L.S. Royal College of Science, Dublin. 

1883. ’^Hovenden, Frederick, F.L.S., F.G.S. Glenlea, Thurlow Park-road, 
West Dulwich, S.E. 

1904. ^Howard, Mrs. G. L. C. Agricultural Research Institute, Pusa, 

Bengal, India. 

1887. ^Howard, S. S. 54 Albemarle-road, Beckenham, Kent. 

1901. §Howarth, E., F.R. A.S. Public Museum, Weston Park, Sheffield. 
1903. *Howarth, James H., F.G.S. Somerley, Rawson-avenue, Halifax. 

1907. {Howabth, 0. J. R., M.A. (Assistant Secretary.) 24 Lans- 

downe-crescent, W. 

1905. {Howick, Dr. W. P.O. Box 503, Johannesburg, 

1901. {Howie, Robert Y. 3 Greenlaw-avenue, Paisley. 

1863. {Howorth, Sir H. H., K.O.I.E., D.O.L., F.R.S., F.S.A. 30 ColHng- 

ham-place, Cromwell-road, S.W. 

1887. §HoyLE, William E., M.A., D.So. (Pres. D, 1907.) National 
Museum of Wales, City Hall, Cardiff. 

1903. {Hiibner, Julius. Ash Villa, Cheadle Hulme, Cheshire. 

1 898. {Hudson, Mrs. Sunny Bank, Egerton, Huddersfield. 

1867. *Hui)Son, William H. H., M.A. 34 Birdhurst-road, Croydon. 

1871. *Hughes, George Pringle, J.P., F.R.G.S. Middleton Hall, Wooler, 

Northumberland. 

1868. iHuams, T. M‘K., M.A., F.R.S., F.G.S, (Council, 1879-86), Wood- 

wardian Professor of Geology in the University of Cambridge. 
Ravensworth, Brooklands-avenue, Cambridge. 

1867. {Hull, Edward, M,A., LL.D., F.R.S., F.G.S, (Pres. C, 1874.) 

' 14 Stanley-gardens, Netting Hill, W. ^ 

1903. {Hulton, Campbell G. Palace Hotel, Southport. 

1905. §Hume, D. G. W. P.O. Box 1132, Johannesburg. * 

1904. '^'Humphreys, Alexander C., Sc.D,, LL.I)., Pi-esident of the Stevens 

Institute of Technology, Hoboken, New Jersey, U.S.A. 

1907. §Humphries, Albert E. Coxe’s Lock Mills, Weybridge. 

1877. ’“Htot, Arthur Roope, M.A., F.G.S. Southwood, Torquay. 

1891. *Hunt, Cecil Arthur, Southwood, Torquay. 

1881. {Hunter, F. W. 16 Old Elvet, Dui’ham. 

1889. {Hunter, Mrs. F. W. 16 Old Elvet, Durham. 

1909. {Hunter, W. J. H. 31 Ljmedoch-street, Glasgow. 

1901. *Hunter, William. Evirallan, Stirling. 

1903, {Hurst, Charles C., F.L,S, Burbage, Hinckley. 

1861. *Hurst, William John. Drumaness, Ballynahinch, Co. Down, 
Iceland. ^ 

1894. ^Hutohinsof, A., M.A., Ph.D. , (Local Sec. 1904.) Pembroke 
College, Cambridge. ‘ - 

1903. SHutehinson, Rev. H. N. 17 St. John’s Wood Park, Finchley- 
road,N,W. - ^ 

1864. ^Hutton, Bamton. 14 Cumberland-terrace, Regent’s Park, N.W. 
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1887. *Hutton, J. Arthur. The Woodlands, Alderle 3 r Edge, Cheshire. 
1908. JHutton, Lucius 0. Wyokham, Duni’um, Co.^Dublin. 

1901. *Hutton, R. S., B.Sc. West-street, Sheffield. 

1871. *Hyett, Francis A. Painswick House, Painswick, Stroud, Glouces- 
tershire. 

1900. *Hyndman, H. H. Francis. 5 Warwick-road, Earl’s Court, S.W. 


1908. Jfdle, George, 43 Dawson-street, Dublin. 

1883. jldris, T. H. W. 110 Pratt-street, Camden Town, N.W. 

Ihne, William, Ph.D. Heidelberg. 

1884. *Iles, George. 5 Brunswick-street, Montreal, Canada. 

1906. JIliffe, J. W. Oak Tower, Upperthorpe, Sheffield. 

1885. jim Thurn, Sir Everard F., C.B., K.C.M.G. 1 East India-avenue, 

Leadenhall-street, E.C. 

1888. *Ince, Surgeon-Major John, M.D. Montague House, Swanley, Kent. 

1907. §Ingham, Charles B. Moira House, Eastbourne. 

1905. JIngham, W. Engineer’s Office, Sand River, Uitenhage, 

1893. jingle, Herbert. Department of Agriculture, Pretoria. 

1901, {Inolis, John, LL.D. 4 Prince’s-terrace, Dowanhill, Glasgow, 
1905. §Innes, R. T. A., F.R.A.S. Meteorological Observatory, Johannes- 
burg. 

1901. ^Tonides, Stephen A. Georgetown, Colorado. 

1882. pHViNO, Rev. A., B.A., D.Sc. Hockerill Vicarage, Bishop’s Stort- 
ford, Herts. 

1908. JIrwin, Alderman John. 33 Rutland-square, Dublin. 


1876. *Jaok, William, LL.D., Professor of Mathematics in the University 
of Glasgow. 10 The University, Glasgow. 

1909. §Jacks, Professor L. P. 28 Holywell, Oxford. 

1883. * Jackson, Professor A. H., B.Sc. 349 Collins-street, Melbourne, 
Australia. 

1903. JJackson, 0. S. Royal Military Academy, Woolwich, S.E. 

1883. * Jackson, F, J. 35 Leyland-road, Southport. 

1883. J Jackson, Mrs. F. J. 35 Leyland-road, Southport. 

1874. * Jackson, Frederick Arthur. Belmont, Somenos, Vancouver Island, 
B.C., Canada. 

1899. JJacIsson, Geoffrey A. 31 Harrington-gardens, Kensington, S.W. 

1897. §Jack8on, James, F.R. Met. Soc. Seabank, Girvan, N.B. 

• 1906. * Jackson, James Thomas, M.A. Engineering School, Trinity 
College, Dublin. 

1898. *Jackson, Sir John. 51 Victoria-street, S.W. 

1905. JJacobsohn, Lewis B. Lloyd’s-buildings, 58 Burg-street, Cape Town. 

190k jjacobsohn, Sydney Samuel. Lloyd’s-buildings, 58 Burg-street, 
Cape Town. 

1887. §Jacobson, Nathaniel, J.P. Ohve Mount, Cheetham Hill-road, 
IVlanchester. 

1905. *Jaff6, Arthur, B.A. Strandtown, Belfast. 

1874. *JafFe, John. Villa Jaffe, 38 Promenade des Anglais, Nice, ^ 
Prance. 

1905. JJagger, J. W. St. George’s-street, Cape Town. 

1906. jjalland, W. H. Museum-street, York. 

1891. * James, Charles Henry, iP. 64 Park-place, Cardiffi 

1891. *James, Charles Russell. 13 Hampstead Hill-gardens, N.W. 

1904. {James, Thomas Camjjbell. University College, Aberystwyth. 

1905. {Jameson, ’'Adam. Office of the Commissioner of Lands, Pretoria. 
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1896 *Jameson, H. Lyster, M.A., Ph.D. Transvaal Technical Institute, 
Johannesburg. 

1881. JJamieson, Professor Andrew, M.Inst.C.E., P.R.S.E. 16 Eosslyn'- 
terraoe, Kelvinside, Glasgow. 

1859. ^Jamieson, Thomas F., LL.D., F.G.S. Ellon, Aberdeenshire. 

1889. *Japp, F. E., M.A., Ph.D„ LL.D., F.E.S. (Pres. B, 1898), Professor 

of Chemistry in the University of Aberdeen. 

1910. *Japp, Henry, M.Inst.C.E. ' Care of Messrs. S. Pearson & Son, 
507 Fifth Avenue, New York, U.S.A. • ^ 

1896. *Jarmay, Gustav. Hartford Lodge, Hartford, Cheshire. 

1903. JJakbatt, J. Eenest (Local Sec. 1903). 10 Cambridge-road, 

Southport. 

1904. *Jeans, J. H., M,A., F.E.S. Woodlands, Chaucer-road, Cambridge. 

1897. ^Jeffrey, E. C., B.A. The University, Toronto, Canada. 

1908. *Jenkin, Arthur Pearse, F.E.Met.Soc. Trewirgie, Eedruth. 

1909. ^Jenkins, Miss Emily Vaughan. Lyceum Club, 128 Piccadilly, W. 

1903. JJenkinson, J. W. The Museum, Oxford. 

1904. JJenkinson, W. W. 6 Moorgate-street, E.C. 

1893. § Jennings, G. E. Glen Helen, Narborough-road, Leicester. 

1905. J Jennings, Sydney. P.O. Box 149, Johannesburg. 

1905. JJerome, Charles. P.O. Box 83, Johannesburg. 

1887. JJebvts-Smith, Eev. F. J., M.A., F.E.S. Trinity College, Oxford. 

Jessop, William. Overton Hall, Ashover, Chesterfield. 

1900. *Jevons, H. Stanley, M.A., B.Sc. WoodhiU, Ehiwbeina, near 
Cardiff. 

1907. *Jevons, Miss H. W. 19 Chesterford-gardens, Hampstead, N.W. 
1905. §Jeyes, Miss Gertrude, B.A. Berrymead, 6 Laohfield-road, Kew 

Gardens. 

1905. JJobson, J. B. P.O. Box 3341, Johannesburg. 

1909. ’“Johns, Cosmo, F.G.S., M.I.M.E. Burngrove, Pitsmoor-road, 
Sheffield. 

1884. JJoHiTSON, Alexandeb, M.A., LL.D. 5 Prince of Wales-terrace, 
Montreal, Canada. 

1909. §Johnson, C. Kelsall, F.E.G.S. The Glen, Sidmouth, Devon. 

1865. ’•'Johnson, G. J. 36 Waterloo -street, Birmingham. 

1890. ’“JoHKSOiT, Thomas, D.Sc., F.L.S., Professor of Botany in the Eoyal 

College of Science, Dublin. 

1902. ’•'Johnson, Eev. W., B.A., B.Sc. Archbishop Holgate’s Grammar 
School, York. 

1898. *Johnson, W. Claude, M.Inst.C.E. Broadstone, Coleman’s Hatch, 

Sussex, ^ 

1899. JJoHNSTON, Colonel Sir Duncan A., K.C.M.G., C.B., R.E., Hon. 

Sec. E.G.S. (Pres. E, 1909.) Branksomc, Saffrons-road, 
Eastbourne. 

1883. JJo//.vsTOiV, Sir H. //., Q.C.M.Ck, K.C.B., F.RG.S. 27 Ghester-^ 

terrace. Regent's Pnrh, N, W. 

1909. §Johnston, J. Weir, M.A. 10 Lower Fitzwilliam-street, Dublin. 

1908. JJohnston, Swift Paine. 1 Hume-street, Dublin. 

1884. ’•‘Johnston, W. H. County Offices, Preston, Lancashire. 

1885. JJohnston-Lavis, H. J., M.D., F.G.S. Beaulieu, Alpes-Maritimes, 

France. 

1909. §Jolly, W. A., M.B. Physiological Laboratory, The University, 

Edinburgh. ^ 

1888. JJoLY, John, M,A., D.Sc., F.E.S#, F.G.S. (Pres, C, 1908), Professor 

of Geology and Mineral©^ in the University of Dublin. 
Geolo^oal Department, Trinife College, Dublin. 

18^. JJones, D. E., B.Sc. Inglewood, Four Oaks, Sutton Coldfield. 
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1904. § Jones, Miss E. E. Constance. Girton College, C%nibridge. 

1890. § Jones, Rev, Edwaed, F.G.S. Primrose Cottage, Embsay, 

• Skipton. 

1896. J Jones, E. Taylor, D.Sc. University College, Bangor. 

1903. §Jones, Evan. Ty-MavT, Aberdare. 

1907. * Jones, Mrs. Evan, 12 Hyde Park-gate, S.W. 

1887. {Jones, Francis, F.R.S.E., F.G.S. Beaufort House, Alexandra 
Park, Manchester. 

1891. *JoNES, Rev. G. Haetwell, D.B. Nutfield Rectory, Redhill, Surrey, 

1883. *Jones, George Oliver, M.A. Inchyra House, 21 Cambridge-road, 

Waterloo, Liverpool. 

1903. * Jones, H. 0., M.A. Clare College, Cambridge. 

1905. {Jones, Miss Parnell. The Rectory, lianddewi Skirrid, Aberga- 
venny, Monmouthshire. 

: Jones, R. E., J.P. Oakley Grange, Shrewsbury. 

: Jones, R. M., M.A. Royal Academical Institution, Belfast. 

: Jones, R. Pugh, M. A. County School, Holyhead, Anglesey. 

:JoNES, Thomas Rijpeet, F.R.S., F.G.S. (Pres. C, 1891.) Pen- 
bryn, Chesham Bois-lane, Chesham, Bucks. 

1875. *Jose, J. E. Ethersall, Tarbock-road, Hu 3 rton, Lancashire. 

1872. {Joy, Algernon. Junior United Service Club, St. James’s, S.W. 
1883. {Joyce, Rev. A. G., B.A. St. John’s Croft, Winchester. 

1886. {Joyce, Hon. Mrs. St. John’s Croft, Winchester. 

1905. {Judd, Miss Hilda M., B.Sc. Berrymead, 6 Lichfield-road, Kew. 
1870. {JtTDD, John Wesley, C.B., LL.D., F.R.S., F.G.S. (Pres. C, 1885 ; 

Council, 1886-92.) Orford Lodge, 30 Cumberland-road 
Kew. 

1903. § Julian, Heney Foebes. Redholme, Braddon’s Hill-road, Torquay. 
1894. § Julian, Mrs. Forbes. Redholme, Braddon’s HUl-road, Torquay. 
1905. §Juritz, Charles F., M.A., B.Sc., F.I.C. Government Analytical 
Laboratory, Parliament-street, Cape Town. 


1901. 

1902. 
1908. 
1860. 


1888. {Kapp, Gisbert, M.Inst.C.E., M.Inst.B.E, Pen-y-Coed, Pritchatts- 
road, Birmingham. 

1904. {Kayser, Professor H. The University, Bonn, Germany. 

1892. {Keane, Chaeles A., Ph.B. Sir John Cass Technical Institute, 
Jewry-street, Aldgate, E.C. 

1908. §Keeble, Frederick, Sc.B. University College, Reading. 

1878. *Kelland, W. H. 27 Canterbury-road, Brixton, S.W. 

1884. {Kellogg, J. H., M.B. Battle Creek, Michigan, U.S.A. 

1908. §Kelly, Malachy. Ard Brugh, Balkey, Co. Bublin. 

1908. {Kelly, Captain Vincent Joseph. Montrose, Bonny brook, Co. 
Bublin. 

1902. *Kelly, William J., J.P. 25 Oxford-street, Belfast. 

1885. §Keltie, j. Scott, LL.B., Sec. R.G.S., F.S.S. (Pres. E, 1897 ; 

Council, 1898-1904.) 1 Savile-row, W. 

1877. *Kelvin, Lady. Netherhall, Largs, Ayrshire ; and 15 Eaton-place, 
S.W. 

1887. {Kemp, Harry. 55 Wilbraham-road, Chorlton-cum-Hardy, Man- 
chester. 

1898. *Kemp, John T., M.A. 4 Cotham-grove, Bristol. 

1884. {Kemper, Andrew C., A.M., M.B. 101 Broadway, Cincinnati, U.S.A. 
1891. {Kendall, Peeoy F., M.Se., F.G.S., Professor of Geology in the 
University of Leeds. 

1875. {Kennedy, Sir Alexai^jeb B. W., LL.B., F.R.S., M.In8t.C.E. 

(Pres. G, 1894.) 1 Queen Anne-street, Cavendish-square, W. 
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1906. {Kennedy, Alfred Joseph, F.R.G.S. Care of Williams Deacon’s 
Banlf, Ltd., 2 Cookspur-street, S.W. 

f897. §Kennedy, George, M.A., LL.D., K.C. Crown Lands Departi»ent, 
Toronto, Canada. 

1906. {Kennedy, Robert Sinclair. Glengall Ironworks, Mill wall, E. 

1908. {Kennedy, William. 40 Trinity College, Dublin. 

1905. ’^Kennerley, W. R. P.O. Box 168, Pretoria. 

1893. §Kent, a. F. Stanley, M.A., F.L.S., F.G.S., Professor of Physiology 
in the University of Bristol. • • 

1901. {Kent, G. 16 Premier-road, Nottingham. 

1857. *Ker, Andre Allen Murray. Newbliss House, Newbliss, Ireland, 

1909. {Kerr, Hugh L. 68 Admiral-road, Toronto, Canada. 

1892. {Kehr, J. Graham, M.A., F.R.S., Regius Professor of Zoology 
in the University of Glasgows 

1889. {Kerry, W. H. R. The Sycamores, Windermere. 

1910. §Kershaw, J. B. C. West Lancashire Laboratory, Waterloo, Liver- 

pool. 

1869. *Kesselmeyer, Charles Augustus. Roseville, Vale-road, Bowdon, 
Cheshire. 

1869. *Kesselmeyer, William Johannes. Edelweiss Villa, Albert-road, 

Hale, Cheshire. 

1903. {Kewley, James. Balek Papan, Koltei, Dutch Borneo. 

1883. ’‘^Keynes, J. N., M.A., D.Sc., F.S.S. 6 Harvey-road, Cambridge. 

1905. {Kiad, Professor A. Stanley. Rhodes University College, Grahams- 

town, Cape Colony. 

1902. {Eadd, George. Greenhaven, Malone Park, Belfast. 

1906. {Klidner, Henry, F.G.S. 25 Upper Rock-gardens, Brighton. 

1886. §Kidston, Robert, LL.D., P.R.S., F.R.S.E., F.G.S. 12 Clarendon- 
place, Stirling. 

1901. ^Kie/pi J. 4 Enghendm-terrace, Kelvinside, Glasgotv, 

1885. *Ealgour, Alexander. Loirston House, Cove, near Aberdeen. 

1896. *Ealley, George Deane, J.P. Bentuther, 11 Victoria-road, Waterloo, 

Liverpool. 

1890. {Kimmins, C. W., M.A., D.Sc. Dame Armstrong House, Harrow. 
1875. *Kinoh, Edward, F.I.C., Professor of Chemistry in the Royal 

Agricultural College, Cirencester. 

1888. *King, E. Powell. Wainsford, Lymington, Hants. 

1875. *Edng, F. Ambrose. Avonside, Clifton, Bristol. 

1871. *King, Rev, Herbert Poole, The Rectory, Stourton^ Bath. 

1883, *Eang, John Godwin. Stonelands, East Grinstoad. 

1883. *King, Joseph, M.P. Sandhouse, Witley, Godaiming. • 

1908. §King, Professor L. A, L., M.A. St. Mungo’s College Modi<^al 

School, Glasgow. 

1860. *Kang, Mervyn Kersteman. Merchants’ Hall, Bristol. 

1875. *King, Percy L. 2 Worcester-a venue, Clifton, Bristol. 

1870. {King, William, M.Inst.C.E. 5 Beach-lawn, Waterloo, Liverpool, 

1909. {Kingdon, A. 197 Yale-avenue, Winnipeg, Canada. 

1903. §Kingsford, H. S,, M.A. 60 Qapton-common, N.E. 

1900. {Kepping, Professor F. Stanley, D.Sc., Ph.D., F.R.S. (Pres. B, 

1908.) University College, Nottingham. 

1890. *Kirby, Miss C. F. 8 Windsor-court, Mosoow-road, W. 

1907. §Kirby, William Forsell, F.L.S. Hilden, 46 Sutton Court-road, 

Chiswick, W. 

1905. {Kirkby, Reginald G. P.O. Boj: 7, Pietermaritzburg, Natal, 

1901, §Kitto, Edward. The Observatory, Falmouth. 

1886. {Knight, Captain eJ. M., F.G.S. Bushwood, Wanstead, Essex. 

J905. pOiightley, Lady, of Fawsley. F3wsley Park,'^Daventry. 
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1888. JKnott, Professor Cargill G., D.Sc., F.R.S.E. 42 Upper Gray- 
street, Edinburgh. 

1887.«*Kjiott. Herbert, J.P. Suimybaiik, Wilnislow, Cheshire. * 

1887. *Knott, John P. ISfant-y-Coed, Conway, North Wales. 

1906. *Knowles, Arthur J., B.A., M.Inst.C.E. Turf Club, Cairo, Egypt. 

1874. {Knowles, William James. Elixton-place, Bahymena, Co. Antrim. 

1903. {Knowlson, J. F. 26 Part-street, Southport. 

1902. {Knox, R. Kyle, LL.D. 1 College-gardens, Belfast. 

1875. *Ki^bley, JReY. E. P., M.A. Steeple Ashton Vicarage, Trowbridge. 

1883. {Khubley, Mrs. Steeple Ashton Vicarage, Trowbridge. 

1905. {Koenig, J. P.O. Box 272, Cape Town. 

1890. *Krauss, John Samuel, B.A. Stonycroft, Knutsford-road, Wilms- 
low, Cheshire. 

1888 *Kunz, G. F., M.A., Ph.I). Care of Messrs. Tiffany & Co., 11 Union- 
square, New York City, U.S.A. 


• 

' 1905. {Lacey, William. Champ d’Or Gold Mining Co., Luipaardsvlei, 
Transvaal. 

1903. *Lafontaiiie, Rev. H. C. do. 49 Albert-court, Kensington Gore, S.W. 
1909. {Laird, Hon. David. Indian Commission, Ottawa, Canada. 

1904. {Lake, Philip. St. Jolin’s College, Cambridge. 

1904. {Lamb, C. G. Ely Villa, Glissou-road, Cambridge. 

1889. *Lamb, Edmund, M.A. Borden Wood, Liphook, Hants. 

1887. {Lamb, Horace, M.A., LL.D., D.Sc., F.R.S. (Pres. A, 1904), Pro- 
fessor of Pure Mathematics in the Victoiia University, Man- 
chester, 0 Wilbraham-road, Fallo^vfield, Manchester. 

1909. XLambf J. B. 389 Graham-avenue^ Winnipeg, Canada. 

1903. {Lambert, Joseph. 9 Westmoreland-road, Southport. 

1893. ^Lamplxtoh, G. W., F.R.S., F.G.S. (Pres. C, 1906.) 13 Beaconsfield- 
road, St. Albans. 

1905. {Lane, Rev. C. A. P.O. Box 326, Johannesburg. 

1898. *Lang, William H. 2 Heaton-road, Witliington, Manchester. 

1905. §Lange, John H. Judges’ Chambers, Kimberley. 

1886. *Langley, J, N., M.A., D.Sc., F.R.S. (Pres. I, 1899 ; Council. 

1904-07), Professor of Physiology in the University of Cam- 
bridge. Trinity College, Cambridge. 

1865. {Lankester, Sir E. Ray, K.C.B., M.A., LL.D., D.Sc., F.R.S. 

(PifESiDENT, 1906 ; Pres. D, 1883 ; Council, 1889-90, 1894-95, 
1900-02.) 29 Thurloe-placo, S.W. 

18«0. ^Lansdell, Rev. Henry, D.D., F.R.A.S., F.R.G.S. Morden 
College, Blackheath, Ijondou, S.E. 

1884. {Lanza, Professor G. Massachusetts Institute of Technology, 

Boston, U.S.A. 

1885, {Lapworth, Charles, LL.D., F.R.S,, F.G.S. (Pros. C, 1892), 

Professor of Geology and Physiography in the University 
of Birmingham. 48 Frederick-road, Edgbaston, Birmingham, 
1909. §Larard, 0. E., A.M.Inst.C.E. 106 Cranley-gardens, Muswell 
Hill, N. 

1887. {Larmor, Alexander. Craglands, Helen’s Bay, Co. Down. 

1881. {Larmor, SirJosEPH,M. A., D.Sc., Sec.R.S. (Pres. A, 1900), Lucasian 
Professor of Mathematics in the University of Cambridge. 
St. John’s College, Cambridge. 

1883. {Lascelles, B. P., M.A. Headland, Mount Park, Harrow. 

1896. *Last, William I. Science IVfuseum, London, S.W. 

1870. *Latham, Baldwin, M.Inst.C.E., F.G.S. Parliament-mansions, 
Westmiiflfeter, S.W. • 


1910. 


D 
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1900. {Lauder, Alexander, Lecturer in Agricultural Chernistiy iu the 

Edinourgh and East of Scotland College of Agriculture, 
* Edinburgh. • 

1892. {Laxjeie, Malcolm, B.A., D.So., F.L.S. School of Medicine, Sur- 
geons’ Hall, Edinburgh, 

1883. {Laurie, Lieut. -Genei'al. 47 Porches tor- terrace, W. 

1907. *Laurie, Robert Douglas. Department of ideology, The University, 

Liverpool. 

1870. *Law, Channell. Ilsham Dene, Torquay. • * 

1905. {Lawrence, Miss M. Roedean School, near Brighton. 

1908. §Lawson, H, S., B.A. Harben, Oompton-road, Wolverhampton. 

1908. {Lawson, William, LL.D. 27 Upper Fitzwilliam-strcet, Dublin. 
1888. {Layard, Miss Nina F., F.L.S. Rookwood, Fonnoreau-road, 

Ipswich. 

1883. *Leach, Charles Catterall. Seghill, Northumberland. 

1894. *Leahy, a. H., M.A., Professor of Mathematics in the University of 

Sheffield. 92 Ashdell-road, Sheffiiild. 

1905. {Leake, E. 0. 5 Harrison-street, Johannesburg, 

1901. *Lean, George, B.Sc. 15 Park-terraco, Glasgow. 

1904. ^Leathern, J. G. St. John’s College, Cambridge. 

1884. *Leavitt, Erasmus Darwin. 2 Central-square, Cambridgoporl., 

Massachusetts, U.S.A. 

1872. {Lebour, G. a., M.A., F.G.S., Professor of Geology in the Durham 
College of Science, Newcastle-on-Tyno. 

1910. §Lebour, Miss M. V., M.Sc. Zoological Doparlineut, 'llie Ujiivorsity, 
Leeds. 

1895. *Ledger, Rev. Edmund. Protea, Doods-road, Reigatc. 

1907. {Lee, Mrs. Barton. 126 Mile End-lane, Stockport. 

1910. ’^’Lee, Ernest. 2 Claughton-street, Burnley, Lancashire. 

1896. §Lee, Rev. H. J. Barton. 120 Mile End-lane, Stockport. 

1909. §Lee, I. L. Care of Messrs. Harris, Wintlirop, & Co., 24 Throg- 

moi’tou-stroet, E.C. 

1909. §Lee, Rev. J. W., D.D. 5068 Washington-avenue, St. Louis, 
Missouri, U.S.A. 

1894. *Lee, hirs. W. Ashdown House, Forest Row, Sussex. 

1884. *Leech, Sir Bo.sdin T, Oak Mount, Timperloy, Cheshire. 

1909, {Leeming, J. H., M.D. 406 Devon-court, Winnipeg, Canada, 

1905. §Lees, Mrs. A. P. Care of Dr. Norris Wolfondon. 76 Wimpolc- 

sti’cet, W. * 

1892. *Lees, Charles H., D.Sc., F.R.S., Professor of Physics in the 
East London College, Milo End. Greenacres, Mayfield-avoniffc;, 
Woodford Green, Essex. 

1886. *Lees, Lawrence W. Old Ivy House, Tettonhall, Wolverhampton. 

1906. {Lees, Robert. Victoria-streot, Fraserburgh. 

1905. {Lees, R. Wilfrid. Pigg’s Peak Development Co., Swaziland, South 
Africa. 


1889. *Leeson, John Rudd, M.D., C.M., P.L.S., F.G.S. Clifden House, 
Twickenham, Middlesex. 

1906. {Leetham, Sidney. Elm Bank, York. 

1905. {Legg, W. A. P.O. Box 1621 , Cape Town. 

1892. {Lehfeldt, Robert A. 56 Norfolh-square, W. 

1910, §Leigh, H. S. Brentwood, Worsley, near Manchester. , 

Bargoed, Treharris, R.S.C'., Glamorganshire. 
1903. {Leighton, G. R., M.D,, F.R.SJE., Professor of Pathology in the 
Royal Veterinary College, Edinburgh. 

1906. {Leiper, Robert T., M.B., F.ZA London School of Tropical 

Medicine, Royal Albert Dock, E* 
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1905. tLeitch, Donald. P.0, Box 1703, Johannesburg^ 

1882. §Lemon, Sir James, M.Inst.C.E., F.G.S. 11 The Avenue, South- 
* ampton. 

1903. *Lempfert, R. G. K., M.A. 66 Sydney-street, S.W. 

1908. JLentaigne, John. 42 Merrion-square, Dublin. 

1887, *Leon, John T. Elmwood, Grove-road, Southsea. 

1901. §Leonard, J. H., B.Sc. 13 Gunterstone-road, West Kensington, W, 
1905. JLeonard, Right Rev, Bishop John. St. Mary’s, Cape Town. 

1890. *]^ster, 'Joseph Henry, Royal Exchange, Manchester. 

1904. ♦Le Sueur, H. R., D.So. Chemical Laboratory, St. Thomas’s 

Hospital, S.E. 

1900. JLetts, Professor E. A., D.Sc., F.R.S.E. Queen’s College, Belfast. 
1896. JLever, W. H. Thornton Manor, Thornton Hough, Cheshire. 

1905. JLevin, Benjamin. P.0, Box 74, Cape Town. 

1887. ^Levinstein, Ivan. Hawkesmoor, Fallowfield, Manchester. 

1893. *Lewes, Vivian B., F.C.S., Professor of Chemistry in the Royal 
Naval College, Greenwich, S.E. 

1905. JLewin, J. B. Dunoan’s-chambers, Shortmarket-street, Cape 
Town. 

1904. *Lewis, Mrs. Agnes S., LL.D. Castle Brae, Chesterton-lane, Cam- 

bridge. 

1870. {Lewis, Alfred Lionel, 35 Beddington-gardens, Wallington^ 
Surrey. 

1891. {Lewis, Professor D. Morgan, M.A. University College, Aberystwyth. 
1899. {Lewis, Professor E. P. University of California, Berkeley, U.S.A. 

1905. {Lewis, F. S., M.A. South African Public Library, Cape Town. 
1910. §Lewis, Francis J., M.Sc. The University, Liverpool. 

1904. {Lewis, Hugh. Glanafrau, Newtown, Montgomeryshire. 

1910. *Lewis, T. 0. West Home, West-road, Cambridge. 

1884. *Lewis, Sir W. T., Bart. The Mardy, Aberdare. 

1903. {Lewkowitsch, Dr. J. 71 Priory-road, N.W. 

1906. §Liddiard, James Edward, F.R.G.S. Rodborough Grange, Bourne- 

mouth. 

1908. {Lilly, W. E., M.A., Sc.D. 39 Trinity College, Dublin. 

1904. {Link, Charles W. 14 Chichester-road, Croydon. 

1898. {Lippincott, R. C. Cann. Over Court, near Bristol. 

1895. *Lister, The Right Hon. Lord, O.M., F.R.C.S., D.C.L., D.Sc., F.R.S. 
(President, 1896.) 12 Park-crescent, Portlaud-place, W. 

1888. {Lister, J. J., M.A., F.R.S. (Pres. D, 1906.) St. John’s College, 

Cambridge. 

1^61. *LrvEiNa, G. D., M.A., F.R.S. (Pres. B, 1882; Council 1888-95; 

Local Sec. 1862.) Newnham, Cambridge. 

1876. ’•'Liversidge, Archibald, M.A., F.R.S., F.C.S,, F.G.S., F.R.G.S, 
Homton Cottage, Homton-street, Kensington, W. 

1902. §Llowellyn, Evan. Working Men’s Institute and Hall, Blaenavon, 

1909. §Lloyd, George C,, Secretary of the Iron and Steel Institute. 28 

Victoria-street, S.W. 

1903. {Lloyd, Godfrey I. H. The University of Toronto, Canada. 

1891. ^Lhovu, E. J., M.A,, D.Litt, F.E.S.E, 49a Grove^street, Liverpool 
1854. *Lobley, j. Logan, F.G.S., F.R.G.S. 36 Palace-street, Bucking- 
ham Gate, S.W. 

1892. {Loch, C. S., D.C.L. Denison House, Vauxhall Bridge-road, S.W. 

1905. {Lochrane, Miss T. 8 Prince’s-gardens, Dowanhill, Glasgow. 

1904. {Lock, Rev. J. B. Herschei House, Cambridge. 

1863. {Lookyee, Sir j. Norman, K.C.B., LL.D., D.Sc,, F.R.S. (President, 
1903 ; Douncil, 18X1-76, 1901-02.) 16 Penywern-road, S.W, 
1902. *Lookyer, Lady. 16 Penywem-road, S.W. 

d2 
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1900. §Lockyer, W. J. S., Pli.D. 16 Peny^vorn-road, S.W. 

1886. *Lodgb, AtJked, M.A, The Croft, Poperharow-road, Godalmiti^jr. 
1^75. *Lodge, Sir OuvisR J., I).Sc., LL.T)., E.K.S. (Pros. A, 3801 ; 

Council, 1891-97, 1899-1 003), Principal of the Umvereity of 
Birmingham. 

1894. '^'Loclye, Oliver If. F* 17 JU.^hin-lMiUing^% WeMminMvr, iV-lf. 

1899. §Loncq, Bmile. 0 Pue do la Plainc, Laon, Aisno, Franco. 

1902. tLoTOONDEBBY, Tlio Marquess of, K.G. Londonderry House, 

Park-lane, W. • ^ 

1903. JLong, Frederick. The Close, Norwich. 

1905. .tLong, W. F. City Engineer’s Office, Cape Town. 

1883. *Long, William. Thelwall Heys, near Warrington. 

1904. *Longden, J. A., M.Tnst.C.E. Stanton-by-Dalo, Nottingham. 

1905. §Longden, Mrs. J. B. Stanton-by-T)ale, Nottingham. 

1898. *Longfield, Miss Gertrude. Belmont, High Halstow, Pochester. 

1901, *Longstaff, Frederick V,, F.P.G.S. Pidgolands, Wimbledon, Surrey, 

1875, *Longstaff, George Blundell, M.A., M.B., F.C.S., F.S.S. Highlands, 

Putney Heath, S.W. 

1872. *Longstaff, Llewellyn Wood, F.P.G.S. Pidgolands, Wimbledon, S.W. 
1881. *Longstaff, Mrs. LI. W. Pidgolands, Wimbledon, S.W. 

1899. *Longstaff, Tom G., M.A., M.D. Pidgelands, Wimbledon, S.W. 

1903. JLoton, John, M.A. 23 Hawltshead-sircet, Southport. 

1897. ^Lotjdon, James, LIj-D., President of the University of Toronto, 

Canada. 

1883. ’^'Louis, D. A., F.G.S., F.I.C. 123 Pall Mall, S.W. 

1896. §Louis, Henry, B.Sc., Professor of Mining in the Armstrong College 
of Science, Newcastle-on-Tyne. 

1887. ’^Love, a. E. H., M.A., D.Sc., iLP.B. (Pres. A, 1907), Professor 

of Natural Philosophy in the University of Oxford. 34 St. 
Margaret’s-road, Oxford. 

1886. *Love, E. F. J. M.A., D.Sc. The University, Melbourne, Australia. 

1904. *Love, J. B. Outlands, Devonport. 

1876. *Love, James, F.R.A.S., F.G.S., F.Z.S. 33 Clanricarde-gardens, W. 

1905. JLoveday, Professor T. South African College, Ca-pe Town. 

1908. §Low, Alexander, M.A., M.B. The University, Al)erdcon. 

1909. {Low, David, M.D. 1927 Soarih-stroot, Pegina, Saskalohowan, 

Canada. 

1886. §Lowdell, Sydney Poole. Baldwin’s Hill, East Grinstoad, Sussex. 
1891. §Lowdon, John. St. Hilda’s, Barry, Glatnorgan. 

1885. ’•'Lowe, Arthur C, W. Gosfield Hall, Halstead, Essex. 

1905. JLowe, E. C. Chamber of Trade, Johannesburg. ♦ 

1836. *Lowe, John Landor, B.Sc., M.Inst.C.E. Spondon, Derbyshire. 
1894. JLowenthal, Miss Nellie. Woodside, Egorton, Huddersfield. 

1903, *Lowby, Dr. T. Mabtin. 130 Horsoferry-road, S.W. 

1901. *Luca8, Keith. Trinity College, Cambridge. 

1891. *Lucoyioh, Count A, Tyn-y-parc, Whitchurch, near Cardif. 

1906. §Ludlam, Ernest Bowman. College Gate, 32 College-road, Clifton, 

Bristol. 

1866. *Lund, Charles. Ilkley, Yorkshire. 

1850. *Lundie, Cornelius. 32 Newport-road, Cardiff. 

1905?. $Lunnon, F. J. P.O. Box 400, Pretoria, 

1883. *Lupton, Arnold, M.P,, M.Inst.C.E., F.G.S. 7 Victoria-street, S.W. 
1874. *Lufton, Sydney, M.A. (Local Sec. 1890.)* 102 Park-street, 

Grosvenor-square, W. ♦ 

1898. §Luxmoore, Dr. C. M„ F.LO., 19 Disraeli-gardens, Putney, S.W. 
1903. JLyddon, Ernest H, Lisvane, nean Cardiff. 

1884, JLyman, H. H. 384 St. Paul-street, Montreal, ^Canada. 
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1907. *Lyons, Captain Henry George, D.Se., F.R.S. ^4 Huntly-gardens, 

9 Glasgow. ^ 

1908. JLyster, George H. 34 Dawson-street, Dublin. 

1908. JLyster, Thomas W., M.A. National Library of Ireland, Kildare - 
street, Dublin. 


1905. Jilaberiy, Dr. John. Shirley House, Woodstock, Cape Colony. 

1868. JMaoalister, Alexander, M.A., M.D., F.R.S. (Pres. H, 1892 ; 

Council, 1901-06), Professor of Anatomy in the University of 
Cambridge. Torrisdale, Cambridge. 

1878. {MacAlistbr, Sir Donald, K.C.B., M.A., M.D., LL.D., B.Sc., 

Principal of the University of Glasgow. 

1904. JMacalister, Miss M. A, M. Torrisdale, Cambridge. 

1908. JMacallan, J., P.I.C,, P.R.S.E. 3 Rutland-terrace, Clontarf, Co^ 

Dublin. 

1896. JMacallum, Professor A. B., Ph.D., D.Sc., F.R.S. (Pres. I, 1910 j 
Local Sec. 1897.) 59 St. George-street, Toronto, Canada. 

1879. §MaoAndrew, James J., F.L.S. Lukesland, Ivybridge, South Devon. 

1883. JMac Andrew, Mrs. J. J. Lukesland, Ivybridge, South Devon. 

1909. §MacArthur, J. A., M.D. Canada Life Building, Winnipeg, Canada. 
1896. '•‘Macaulay, F. S., M.A. 19 Dewhurst-road, W, 

1904. *Macaulay, W. H. King’s College, Cambridge. 

1896. JMaoBride, Professor E. W., M. A., D.Sc., F.R.S. Imi)erial College of 
Science and Technology, S.W. 

1902. *Maooall, W. T., M.So. Tecixnical College, Sunderland. 

1886. JMaoCarthy, Rev. E. F. M., M.A 50 Ear borne-road, Edgbaston, 

Birmingham. 

1908. §MoCarthy, Edward Valentine, J.P. Ardmanagh House, Glenbrook, 

Co. Cork. 

1909. ^McCarthy, J. H. Public Library, Winnipeg, Canada. 

1884. *MoCarthy, J. J., M.D. 83 Wellington-road, Dublin. 

1887. *MoCarthy, James. 1 Sydney-place, Bath. 

1904. §MoCiean, Frank Kennedy. Rusthall House, Tunbridge Wells. 

1902. f McClelland, J. A., M.A., F.R.S., Professor of Physios in University 

College, Dublin. 

1906. JMcClure, Rev, E. 80 Eccleston-square, S.W. 

1878. ’•‘M‘C6mas, Henry. Pembroke House, Pembroke-road, Dublin. 

1908. §McCombie, Hamilton, M.A., Ph.D. The University, Bh-mingham. 

« 1901. *MacConkey, Alfred. Queensberry Lodge, Elstree, Herts. 

1905. JMcConnell, D. E. Montrose-avenue, Orangezicht, Cape Town. 

1901. JMacCormac, J. M., M.D. 31 Victoria-place, Belfast. 

1892. *MoCowan, John, M.A., D.Sc. Henderson-street, Bridge of Allan 
N.B. 

1901. JMcCrae, John, Ph.D. 7 Kirklee-gardens, Glasgow. 

1905. §MoCulloch, Principal J. D. Free College, Edinburgh. 

1904. fMcCulloch, Major T., R.A. 68 Victoria-street, S.W. 

1909. JMacDonali Miss Eleanor. Fort Qu’Appelie, Saskatchewan, Canada. 

1904. {Macdonald, H. M., M.A., F.R.S., Professor of Mathematics in the^ 

University of Aberdeen. 

1905. {McDonald, J. G. P.O. Box 67, Bulawayo. 

1900. {MacDonald, J. Ramsay, M.P. 3 Lincoln’s Inn-fields, W.C. 

1890. '•‘MacDonald, Mrs. J. Ramsay. 3 Lincoln’s Inn-fields, W.C, 

1905. §Macdonald, J. S., B. A.,* Professor of Physiology in the University 
of Sheffield. 

1884. *MacdonaM, Sir W. <5. 449 Sherbrooke-street West, MontreaL 

Canada. 
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1909. JMaoDonell, John, M.D. Portage-avenue, Winnipeg, Canada, 

1909. *MacDougalf, R. Stewart. The Oniversity, Edinburgh. 

1908. §McEwen, Walter, J.P. Flower bank, Newton Stewart, Scotland. 
1897. JMcEwen, William 0. 9 South Charlotte-street, Edinburgh. 

1881. JMacfarlane, Alexander, B.Sc., F.K.S.E. 317 Victoria-avenue, 

Chatham, Ontario, Canada. 

1906. §MoFarlane, John. 30 Parsonage-road, Withington, Manchester. 
1885. JMacfarlane, J. M., D.Sc., F.R.S.E., Professor of Biology in the 
University of Pennsylvania, Lansdowne, DelaWare Co., Penn- 
sylvania, U.S.A. 

1905. JMaofarlane, T. J. M. P.O. Box 1198, Johannesburg. 

1901. JMaefee, John. 5 Greenlaw-terrace, Paisley. 

1909. JMaegaohen, A. F. D. 281 River-avenue, Winnipeg, Canada. 

1888. JMacGeorge, James. 8 Matheson-road, Kensington, W. 

1908. JMcGrath, Joseph, LL.D. (Local Sec. 1908.) Royal University 
of Ireland, Dublin. 

1908. §MacGregor, Charles. Training Centre, Charlotte-street, Aberdeen. 

1906. JMaogregor, D. H., M.A. Trinity College, Cambridge. 

1884. *MAcGREaoB, James Gordon, M.A., B.Sc., F.R.S., F.R.S.E., Pro- 
fessor of Natural Philosophy in the University of Edinburgh. 

1902. JMcIlroy, Archibald. Glenvale, Drumbo, Lisburn, Ireland. 

1905. IMacindoe, Flowerdue. 23 Saratoga-avenue, Johannesburg. 

1867. *MoIntosh W. C., M.B., LL.B., F.R.S., F.R.S.E., F.L.S. (Pres. B, 

1885), Professor of Natural History in the University of 
St. Andrews. 2 Abbotsford-crescent, St. Andrews, N.B. 

1909. JMcIntyre, Alexander. 142 Maryland-avenue, Winnipeg, Canada. 
1909. jMoIntyre, Daniel. School Board OiEces, Winnipeg, Canada. 

1909. IMoIntyre, W. A. 339 Kennedy-street, Winnipeg, Canada. 

1884. §MaoKay, A. H., B.Sc., LL.B., Superintendent of Education. 

Education Office, HaHfax, Nova Scotia, Canada. 

1885. JMackay, John Yule, M.B., LL.B., Principal of and Professor of 

Anatomy in University College, Dundee. 

1908. JMcKay, William, J.P. Clifford-chambers, York. 

1909. §McKee, Dr. E. S. Grand and Nassau-streets, Cincinnati, U.S.A. 
1873. {MoKendriok, John G., M.B , LL.B., P.R.S., F.R.S.E, (Pres. I, 

1901 ; Council, 1903-09), Emeritus Professor of Physiology 
in the University of Glasgow. Maxieburn, Stonehaven, N.B. 

1909. JMcKenty, B. E. 104 Colony-street, Winnipeg, Canacbi. 

1905. JMcKenzie, A. R. P.O. Box 214, Cape Town. 

1905. ^Mackenzie, Hector. Standard Bank of South Africa, Capo ^ 
Town. 

1897. tMcKenzie, John J. 61 Madison-avenue, Toi’onto, Canada. 

1910. §Mackenzie, K. J. J., M.A. 10 Richmond-road, Cambridge. 

1909. §MacKenzie, Kenneth. Royal Alexandra Hotel, Winnipeg, Canada, 
1901. *Mackenzie, Thomas Brown. Netherby, Manse-road, Motherwell, N.B. 
1872. *Mackey, J. A. United University Club, Pall Mall East, S.W. 

1901. {Mackie, William, M.B. 13 North -street, Elgin. 

1887. JMaokinder, H. J., M.A., M.P., F.R.G.S. (Pres. E, 1895 ; Council, 
1904-1905.) 243 St. James’s-court, Buokingham-gaio, S.W. 
1908* §MacKinnon, Mrs. Donald. Speldhurst Rectory, Tunbridge Wells. 
1893. "'McLaren, IVlrs. E. L. Colby, M.B., Ch.B. i33 Tettenhall-road, 
Wolverhampton. ^ 

1901. JMaclaren, J. Malcolm, Royal Colonial Institute, Northumber- 
land Avenue, W.C. 

1905. {McLaren, Thomas. P.O. Box 1034, Johannesburg. 

1901. {Maolay, William. Thornwood, Langi?ide, Glasgow. 

1901, {McLean, Angus, B.Sa Harvale, Meikleriggs, Paisley, 
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1892. *Macleak, Magnus, M.A., D.Sc., F.E.S.E. (Local Sec. 1901), Pro- 
fessor of Electrical Engineering, Technical College, Glasgow. 
1909. tMacLean, Neil Bruce. 24 Hitchcock Hall, The University, Chicago, 
U.S.A. 

1908. §McLennan, J. C., Professor of Physics in the University of 

Toronto, Canada. 

1868. JMcLeod, Herbert, F.R.S. (Pres. B, 1892 ; Council, 1885-00.) 

- 37 Montague-road, Richmond, Surrey. 

1909. ifMaoLeOd, M. H. C.N.R. Beput, Winnipeg, Canada. 

1883. JMaoMahon, Major Percy A., R.A., D.Sc., F.R.S. (General 
Secretary, 1902- ; Pres. A, 1901 ; Council, 1898-1902.) 

27 Evelyn-mansions, Carlisle-place, S.W. 

1909. JMgMillan, The Hon. Sir Daniel H., K.C.M.G. Government 
House, Winnipeg, Canada. 

1902. JMcMordie, Robert J. Cabin Hill, Elnock, Co. Down. 

1905. JMaoNay, Arthur. Cape Government Railway Offices, De Aar, 
Cape Colony. 

1878. piacnie, George. 59 Bolton-street, Dublin. 

1905. ‘iMaophail, Dr. S. Pvutherford. Rowditch, Derby. 

1909. §MacPhail, W. M. P.O. Box 88, Winnipeg, Canada. 

1905. {Macrae, Harold J. P.O. Box 817, Johannesburg. 

1907. f.Maorosty, Ileniw W. 29 Hervey-road, Blackheath, S.E. 

1906. {Macturk, G. W. B. 15 Bowlalley-lane, Hull. 

1908. JMcVittie, R. B., M.D. 62 Fitzwilliam-square North, Dublin. 

1908. iMcWalter, J. C., M.D., M.A. 19 North Earl-street, Dublin. 

1902. ::MoWeeney, Professor E. J., M.D. 84 St. Stephen’s-green, Dublin. 
1902. vMcWhirterf William. 9 W alwortli4ermcef Glasgow, 

1910. §Mo William, Andrew, Professor of Metallurgy in the University of 

Sheffield. 

1908. {Madben, Rt. Hon. Mr. Justice. Nntley, Booterstovm, Dublin. 

1905. {Magenis, Lady Loxiisa. 34 Lennox-gardens, S.W. 

1902. XMagill, R., M.A,, PJi.D, The Manse, Maghera, Co. Derry. 

1909. {Magnus, Laurie, M.A. 12 Westbourne-terrace, W. 

1875. *Maqnus, Sir Philip, B.Sc., B.A,, M.P. (Pres. L, 1907). ICGlouces- 
ter-terrace, Hyde Park, W. 

1908. *Magson, Egbert H. 67 Pepys-road, Cottenham Park, Wimble- 
don, S.W. 

1902. lAIah^n, J. L. 2 3Ia}/-stred, Dnmaondra, Dublin. 

1907* *Mair, David. Civil Service Commission, Burlington-gardens, W. 
1008. {Mair, William, F.C.S. 7 Comistoii-road, Edinburgh. 

^ 1908. ’^Makowor, W. The University, Manchester. 

1857. {Mallet, John William, l^h,t)., M.D., F.R.S., F.C.S., Professor of 
Chemistry in the University of Virginia, Albemarle Co., U.S.A, 
1905. {Maltby, Lieu tenant G. R., K.N. 54 St, Georgo’s-square, S.W. 

1897. {Mance, Sir H, C. Old Woodbury, Sandy, Bedfordshire. 

1903. {^^anifold, C. C. 16 St. James’s-squaro, S,W. 

1905. {Manning, D, W., F.R.G.S. Roydon, Rosobank, Cape Town. 

1894. {Manning, Percy, M.A., F.S.A. Watford, Herts. 

1905. {Mansliekl, J. D. 94 St. George’s-street, Cape Town. 

1887. *Maroh, Henry Colley, M.D., F.S.A. Portesbam, Dorchester,'* 
Dorsetshire. ^ 

1902. *Marchant, Dr. E. W. The University, Liverpool. 

1898. *Mardon,Ueber. 2 Litfield-place, Clifton, Bristol. 

1900. $Margerison, Samuel. Calvcrloy Lodge, near Leeds. 

1864. {Markham, Sir Clements R., K.C.B., F.R.S., F.R.G.S., F.S.A. 

(Pre^. E. 1870; Council, 1893-96.) 21 Ecoleston-square, S.W. 
1905. §Marks, Samuel. P.O. Box 379, Pretoria. 
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1905. iMarlotli, K., M.A., Ph.D. P.O. Box 359, Cape Town. 

1881, j; E., M.A., D.Sc,, F.R.S., F.G.S. (Pres. C, 1890 ; Council, 

** 1896-1902, 1910“ .) St. Jolin’s College, Cambridge. 

1903. §Marriott, William. Royal Mcteorologioal Society, 70 Viotoria- 

streot, S.W. 

1892. ^Marsden-Smedley, J. B, Lea Green, Cj-omtord, Derbyshire. 

1883. *Marsh, Henry Carpenter. 3 Lower James-sireet, Golden- 

square, W. f 

1887. iMarsh, J. E., M.A., F.R.S. University Museum, Oxford. 

1889. ^Marshall, Alfred, M.A., LL.D., D.So. (Pres. F, 1890.) Balliol 
Croft, Madingley-road, Cambridge. 

1904. JMarsball, F. H. A. University of Edinburgh. 

1905. §Marshali, G. A. K. 6 Chester-plaoe, Hyde Park-square, W. 

1892. §Marshall, Hugh, D.Sc., F.R.S., F.R.S.E., Professor of Chemistry 

in University College, Dundee. 

1901. ^Marshall, Robert. 97 WeUington-street, Glasgow. 

1886. ^Marshall, William Bayley, M.Inst.C.E. Iinp(3rial Hotel, Malvern. 
1907. JMarston, Robert. 14 Ashleigh-road, Leicester. 

1899. §Martin, Miss A. M. Park View, 32 Bayham-road, Sovenoaks. 

1905. JMartin, John. P.O. Box 217, Germiston, Transvaal. 

1884. §Martin, N. H., J.P., F.R.S.E., F.L.S. Ravenswood, Low Fell, 

Gateshead. 

1889. *Martin, Thomas Henry, Assoe.M.Tnst.O.E. Windermere, Mount 
Pleasant-road, Hastings. 

1905. ^Marwick, J. S. P.O. Box 1166. Johannesburg. 

1905. {Marx, Mrs. Charles. Shabana, Robinson-street, Belgravia, South 
Africa. 

1907. JMasefield, J. R. B., M.A. Rosehill, Cheadle, Staffordshire. 

1847. JMaskelyne, Nevil Story, M.A., D.Sc., F.R.S., F.G.S. (Council, 
1874-80). Basset Down House, Swindon. 

1905. *Mason, Justice A. W, Supreme Court, Pretoria. 

1893. *Mason, Thomas. Enderleigh, Alexandra Park, Nottingham. 

1891. *Massey, William H., M.Tnst.C.E. Twyford, R.S.O., Berkshire. 

1885. ifMasson, David Orine, D.Sc., F.R.S., Professor of Chemistry in the 

University of Melbourne. 

1910. §Masson, Irvine, M.Sc. The University, Molbouj’iie, 

1905. §Mas8y, Miss Mary. York House, Teignmouth, Devon, 

1901. *Math'er, G. R. Boxlca, Wellingborough. « 

1910. ’^Mather, Thomas, F.R.B., Professor of Electrical Engineei'ing in fhr^ 
City and Guilds of London Institute, Exhibition-road, S.W. ^ 

1887. *Mather, Right Hon. Sir WilUam, M.Inst.C.E. Salford Iron Works, 

Manchester. 

1909. JMathers, JMi*. Justice. 16 Edmon ton-street, Winnii^og, Canada, 

1908. JMatheson, Sir R, E., LL.D. Charlemont House, Rutland-square, 

Dublin. 

1905. JMathew, Alfred Harfield. P.O, Box 242, Cape To^wn. 

1894. ^Mathews, G. B., M.A., F.R.S. 10 Menai View, Bangor, North 

Wales. 

1902. JMatley, C. A., D.So. 7 Morningside-terrace, Edinburgh. 

. 1904. ^Matthews, D. J. The Laboratory, Citadel Hill, Plymouth. 

1905? JMatthews, J. Wright, M.D. P.O. Box 437, Johannesburg. 

1899. *Maufe, Herbert B., B. A., F.G.S. Geological Survey- Office, 33 George- 
square, Edinburgh. 

1893. tMavor, Professor James. University of Toronto, Canada 

1865. *Maw, George, F.L.S., F.G.S., F.S.A. Benthall, Kenley, Surrey. 

1894. §Maxim, Sir Hiram S. Thurlow^ Park, N(Fwood-road, West 

Norwood, S.E. 



LIST OF MEMBERS: 1910. 


57 


Year of 
Blection. 

1903. XMaxwell, J. M. 37 Ash-street., SotcthporL 

19P5. §Maylard, A. Ernest. 12 Blythswood-square, Glasgow. > 

1905, JMaylard, Mrs. 12 Blythswood-square, Glasgow. 

1878. *Mayne, Thomas. 19 Lord Edward-street, Dublin. 

1904. JMayo, Rev. J., LL.D. 6 Warkworth-terrace, Cambridge. 

1905. JMeams, J. Herbert, M.D. Edenville, 10 Oxford- road, Observatory, 

Cape Town. 

1879. Peiklgohn, John W. S., M.D. 105 Holland-road, W. 

1905. JMein, W. W. P.O. Box 1145, Johannesburg. 

1881. ‘"Meldola., Raphael, F.R.S., E.R.A.S., F.C.S., F.I.C. (Pres. B, 
1895 ; Council, 1892-99), Professor of Chemistry in the Fins- 
bury Technical College, City and Guilds of London Institute, 
6 Brunswick-square, W.C. 

1908. JMeldrum, A. N., D.Sc. Chemical Department, The University, 

Manchester. 

1883. JMellis, Rev. James. 23 Part-street, Southport. 

1879, *Mellish, Henry. Hodsock Priory, Worksop. 

1866. JMello, Rev. J. M., M.A., F.G.S. CM Hill, Warwick. 

1881. §Melrose, James. Clifton Croft, York. 

1905. *Melvili, E. H. V., F.G.S., F.R.G.S. P.O. Box 719. Johannesburg. 

1909. JMenzies, Rev. James, M.D. Hwaiohingfu, Honan, China. 

1905. JMeredith, H. 0., Professor of Economics in Queen’s University, 
Belfast. 

1908. ^Meredith, Sir James Creed, LL.D. Royal University of Ireland, 

Dublin. 

1879. {Merivale, John Herman, M.A. (Local Sec. 1889.) TogstonHall, 
Aoklington. 

1899. *Merrett, WUliam H., F.LC. Hatherley, Grosvenor-road, Walling- 
ton, Surrey. 

1905. JMerriman, Right Hon, John X. Schoongezicht, Stellenbosch, Cape 
Colony. 

1899. JMerryweather, J. C. 4 Whitehall-court, S.W. 

1889. *Merz, John Theodore. The Quarries, Newcastle-upon-Tyne. 

1905. JMethven, Cathcart W. Club Arcade, Smith-street, Durban. 

1896. §Metzler, W. H., Ph.D., Professor of Mathematics in Syracuse 
University, Syracuse, New York, U.S.A. 

1869. JMiall, Louis C., D.Sc., F.R.S., F.L.S., F.G.S. (Pres. D, 1897 ; 

€^res. L, 1908; Local Sec. 1890.) Norton Way North, Letch- 
worth. 

-»1903. *Micklethwait, Miss Frances M. G. Penhein, Chepstow, Monmouth. 
1881. ^Middlesbrough, The Right Rev. Richard Lacy, D,D., Bishop of. 
Bishop’s House, Middlesbrough. 

1904, JMiddleton, T. H., M.A. South House, Barton -road, Cambridge. 

1894. ’^Miebs, H. a., M.A., D.Sc., F.R.S., F.G.S. (Pres. 0, 1905 ; Pres. 

L, 1910), Principal of the University of London. 23 Wetherby- 
gardens, S.W. 

1885. §Mill, Hugh Robert, D.Sc., LL.D., F.R.S.E., F.R.G.S. (Pres. E, 
1901.) 62 Camden -square, N.W, 

1905. JMill, IVIrs. H. R. 62 Camden-square, N.W. 

1889. ’‘‘Millar, Robert Cockbxjrn. 30 York-place, Edinburgh. ^ 
Miliar, Thomas, M.A., LL.D., F.R.S.E. Perth. 

1909. §Miller, Aj*P. Vermilion Bay, Ontario, Canada. 

1895. JMiller, Thomas, M.Inst.C.E. 9 Thoroughfare, Ipswich. 

1909. :|:Miller, Professor W. G. 'Bureau of Mines, Toronto, Canada. 

1904. JMillis, C. T. Hollydene, Wimbledon Park-road, Wimbledon. 

1905. §Milis, Mrs* A. A. Cefion Villa, Blinco-grove, Cambridge. 

1908. §Mill8, Miss E. A. Numey, Glenagarey, Co. Dublin. 
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1868, EimuND J., D.Sc., F.R.S., F.C.S. 6-1 Twy.ford-avonue, 

West Acton, W. ^ 

1908. §Mill8, Miss Gertrude Isabel. Nurncy, Gloji/igarcy, ('o. Dublin. 
1908. §Mills, John Arthur, M.B. Durham Ooiiuly Asylum, Wiiitcrton, 
Ferryhill. 

1908. §Mills, W. H., M.Inst.C.F. Nurncy, Glcmu-garey, Co. Dublin, 

1902, JMills, W. Sloan, M.A, Vine Cottage, Doiiaghmore, Nowry. 

1907. JMilne, A., M.A. University School, Hastings. r 

1910. §Milne, J. B. Cross Grove House, Totloy, near Sheifield. 

1910. *Milne, James Robert, D.Sc., F.R.S.F. 11 Melville -crescent, Edin- 
burgh. 

1882. *Milne, John, D.Sc., F.R.S.,, F.G.S. Shide, Newport, Isle of 

Wight. 

1903. *Milne, R. M. Royal Naval College, Dartmouth, South Devon. 
1898. *Milner, S. Roslington, D.Sc. The University, Sheffield. 

1908. §Milroy, T. H., M.D., Dunvillo Professor of .Physiology in Queen’s 

College, Belfast. 

1907. §Milton, J. H., F.G.S. Harrison House, Crosby, Liverpool 
1880. JMinchin, G. M., M.A., F.R.S. 149 Banbury-road, Oxford. 

1901. ’“Mitchell, Andrew Acworth. 7 Huntly-gardens, Glasgow. 

1901. *Mitchell, G. A. 5 West Regent-street, Glasgow. 

1909. ^Mitchell, J. F. 211 Bupert-street, Winnipeg, Canada. 

1905. {Mitchell, John. Government School House, Jeppestown, Transvaal. 
1885. {Mitchell, P. Chalmers, M.A., D.Sc., F.R.S., Sec.Z.S. (Council. 
1906- ). Zoological Society, Regent’s Park, N.W. 

1908. {Mitchell, W. M. 2 St. Stephen’s Green, Dublin. 

1905. *MitcheU, William Edward. Ferreira Deep, Johannesburg. 

1895. ’“Moat, William, M.A. Johnson Hall, Eccleshall, Staffordshire. 

1908. {Moffat, C. B. 36 Hardwicke-street, Dublin. 

1905. {Moir, James, D.Sc. Mines Department, Johannesburg. 

1905. {Moir, Dr. W. Ironside. Care of Dr. McAulay, Cleveland, Transvaal 
1905. {Molengraaff, Professor G. A. F. The Technical University of 
Delft, The Hague. 

1883. {Mollison, W. L., M.A. Clare College, Cambridge. 

1908. {Molloy, W. R. J., J.P., M.R.LA. 78 Konil worth-square, Bathgar, 

Co. Dublin. 

1900. ’“Monckton, H. W., Treas.L.S., F.G.S, 3 Harcourt- building®, 

Temple, E.C. • 

1905, *Moncbiefe, Colonel Sir C. Scott, G.C.S.I., K.C.M.G., B.E. (Pres. 

G, 1905.) 11 Cheyno-walk, S.W. ^ 

1905. {Moncrieff, Lady Scott. 11 Choyno-walk, S.W. 

1891. *Mond, Robert Ludwig, M.A., ^’.B.S.B., F.G.S, 20 Avenue-road 
Begent’s Park, N.W. 

1909. §Moody, A. W., M.D. 432J Main-street, Winnipeg, Canada. 

1909. §Moody, G. T., D.Sc, Lome House, Dulwich, S.E. 

1908. ’“Moore, F. W. Boyal Botanic Gardens, Glasnevin, Dublin. 

1891. {Moore, Harold E. Oaklands, The Avenue, Beckenham, ICent, 

1908. {Moore, Sir John W., M.D. 40 Fitzwilliam-squaro West, Dublin. 

1901. *Moore, Bobert T. 142 St. Vincent-street, Glasgow. 

1905s §Moore, T. H. Thornhill ViUa, Marsh, Huddersfield. 

1896. ’“Mordey, W. M. 82 Victoria-street, S.W. 

1901. *Moreno, Francisco P. Parana 915, Buenos Aii^s, 

1905. ““Morgan, Miss Annie. Friedrichstrasse No. 2, Vienna, 

1895. {Morgan, C, Lloyd, F.K.S., F.G.S., Professor of Psychology in the 
University of Bristol. 

1902. {Morgan, Gilbert T., D.Sc., F.I.C. ^Imperial Cbllego of Science and 

Teobnology, S.W. 
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1902. ^Morgan, Septimus Vaughan. 37 Harrington-gariens, S.W. 

190^^ *Morison, James. Perth. 

1883. *Morley, HEisTBy Forster, M.A., D.Sc., F.C.S. 5 Lyndhurst-road, 

Hampstead, N.W. 

1906. JMorrell, H. R. Scarcroft-road, York. 

1896. ::Morrell, R. S. Caius College, Cambridge. 

1908. JMorris, E. A. Montmorency, M.A., M.R.I.A. Winton House, 

^ Ca|;^ra, Co. Dublin. 

1905. JMorris, F., M.B., B.Sc. 18 Hope-street, Cape To^vn. 

1896. *Morris, J. T. 47 Cumberland-mansions, Seymour-place, W. 

1880. §Morris, James. 6 Windsor-street, Uplands, Swansea. 

1907. JMorris, Colonel Sir W. G., K.C.M.G. Care of Messrs. Cox & Co., 

16 Charing Cross, W.C. 

1899. *Mobbow, Johk, M.Sc., D.Eng. Armstrong College, Newcastle- 
upon-Tyne. 

1909. JMorse, Morton F. Wellington-crescent, Winnipeg, Canada. 

1865. JMortimer, J. R. St. John’s Villas, Driffield. 

1886. "“Morton, P. F, 15 Ashley-place, Westminster, S.W. 

1896. *Morton, William B., M.A., Professor of Natural Philosophy in 
Queen’s University, Belfast. 

1908. JMoss, Dr. C. E. Botany School, Cambridge. 

1876. §Moss, Richard Jackson, F.I.C., M.R.I.A. Royal Dublin Society, 
and St. Aubyn’s, Ballybrack, Co. Dublin. 

1892. *Mostyn, S. G., M.A., M.B. 16 Grange-avenue, Harton, near South 
Shields. 

1878. *Moxtlton, The Right Hon. Lord Justice, M.A., K.C., F.R.S. 
57 Onslow-square, S.W. 

1899 §MowU, Martyn, Chaldercot, Leyburne-road, Dover. 

1905. JMoylan, Miss V. C. 3 Canning-place, Palace Gate, W. 

1905. *Moysey, Miss E. L. Pitcroft, Guildford, Surrey. 

1902. §Muir, Arthur H. 2 Wellington-place, Belfast. 

1907. *Muir, Professor James. 31 Burnbank-gardens, Glasgow. 

1874. JMuir, M. M. Pattison, M.A. Gonville and Caius College, Cam- 
bridge. 

1909. JMuir, Robert R. Grain Exchange-building, Winnipeg, Canada. 

1904. §Muir, William. Rowallan, Newton Stewart, N.B. 

1872. *Muibhbad, Alexander, D.Sc., F.R.S., F.C.S. 12 Carteret-street, 
Qlieen Anne’s Gate, Westminster, S.W. 

1905. *Muirhead, James M. P., F.R.S.E. Markham’s-ohambers, St. 

^ George’s-street, Cape Town. 

1876. *Muirhead, Robert SVanklin, B.A., D.Sc. 64 Great George-street, 
Hillhead, Glasgow. 

1902. JMullan, James. Castlerock, Co. Derry. 

1884. "“Muller, Hugo, Ph.D., F.RS., F.C.S. 13 Park-square East, 

Regent’s Park, N.W. 

1905. JMulligan, A. ‘ Natal Mercury ’ Office, Durban, Natal. 

1908. JMxjlligan, John. (Local Sec. 1908.) Greinan, Adelaide-road, 

Kingstown, Co. Dublin. 

1904. §Mullinger, J, Bass, M.A, 1 Bene’t-place, Cambridge. 

1898. jMumford, C. E. Cross Roads House, Bouverie-road, Folkestcae. 
1901. *Munby, Alan E. 28 Martin’s-lane, Cannon-street, E.C. 

1906. JMunby, Frederick J. Whixley, York. 

1904. JMunro, A. Queens’ Colley, Cambridge. 

1909. JMunro, George* 188 Rosljm-road, Winnipeg, Canada. 

1883. *Mxtnro, Robert, M.A., M.D., LL.D. (Pres. H, 1893.) Elmbank, 
Largs, Ayrshire, N^. 

1909. JMunson, J. H., K.C. Wellington-crescent, Winnipeg, Canada. 
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1909. §Miirpliy, A. J». Vanguard Manufacturing Co., Dorrmg ton -street, 

♦ Leeds. • 

1908. {Murphy, Leonard. 150 Riohmond-road, i)ubli«. 

1908. jMtrRPHY, William M., J.P. Bartry, Dublin, 

1905 {Murray, Charles R. K., M.D. Kenilworth House, Kenilworth, 
Cape Colony. 

1905. {Murray, Dr. F. Londinium, London-road, Sea Point, Cape 
Town. • ^ 

1891. {Murray, G. R. M., F.R.S., F.R.S.E., F.L.S. 32 Market-square, 
Stonehaven, N.B. 

1905. §Murray, Sir James, LL.D., Litt.D. Sunnyside, Oxford. 

1905. §Murray, Lady. Siumyside, Oxford. 

1884. {Murray, Sir John, K.C.B., LL.D„ D.Sc., Ph.D., F.R.S., F.R.S.E. 

(Pres. E, 1899.) Challenger Lodge, Wardie, Edinburgh. 

1903. §Murray, Colonel J. D. Rowbottom-square, Wigan. 

1909. {Murray, W. 0. University of Saskatchewan, Saskatoon, Bas- • 

katohewan, Canada. 

1870. *Muspratt, Edward Knowles. Seaforth Hall, near Liverpool. 

1906, {Myddelton-Gavey, E. H., M.R.O.S., J.P. Stanton Prior, Meads, 

Eastbourne. 

1902. {Myddleton, Alfred. 02 Duncairn-sireet, Belfast. 

1902. *Myers, Charles S., M.A., M.B. Great Shelford, Cambridge. 

1909. *Myers, Henry. The Long House, Leatherhead. 

1906, {Myers, Jesse A. Glengarth, Walker-road, Harrogate. 

1890. *Myres, John L., M.A., F.S.A. (Pres. H, 1909 ; Council, 1909- ), 
Wykeham I^ofessor of Ancient History in the University of 
Oxford. 101 Banbury-road, Oxford. 


1886. {Nagel, D. H., M.A. (Local Sec. 1894.) Trinity College, Oxford. 
1892. **‘Nairn, Sir Michael B., Bart. Kirkcaldy, N.B. 

1890. {Nalder, Francis Henry. 34 Queen-street, E.C. 

1908. {Nally, T. H. Temple Hill, Terenure, Co. Dublin. 

1905. {Napier, Dr. Francis. 73 Jopx)o-street, Von Brandis-square, Johan- 
nesburg. 

1872. {Nares, Admiral Sir G. S., K.C.B., R.N., F.E.S., F.R.G.S. 7 The 
Crescent, Surbiton. 

1909. {Neild, Frederic, M.D. Mount Pleasant House, Tunbridge Wells. 

1883. *Neild, Theodore, M.A. Grange Court, Looininstor. 

1898. ’‘'Nevill, Rev. J. H. N., M.A. The Vicarage, Stoke Gabriel, South 
Devon. 

1866. *Nevill, The Right Rev. Samuel Tarrafct, D.D., F.L.S., Bishop of 
Dunedin, New Zealand, 

1889. {Neville, F. H., M.A., F.E.S. Sidney College, Cambridge. 

1889. *Newall, H. Frank, M.A., F.R.S., F.R.A.S., Professor of Astro physics 
in the University of Cambridge. Madingley Rise, Cambridge. 
1901. {Newman, F. H, TuUie House, Carlisle. 

1889. {Newstead, A. H. L., B.A. 38 Green-street, Bethnal Green, N.E. 
1892- {Newton, E. T., F.R.S., F.G.S. Florence House, Willow Bridge- 
road, Canonbury, N. 

1908. {Nioholls, W. A. 11 Vornham-road, Plumsteadf Kent. 

1908. {Nichols, Albert Russell. 30 (Jrosvonor-squaro, Rathminos, Co. 
Dublin. 

1887. {Nicholson, John Carr, J.P. Moorheld House, Headingley, Leeds. 

1884. {Nicholson, Joseph S., M.A., D.Sb. (Pres. F? 1893), Professor of 

Political Economy in the University of Edinburgh. 
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1908. §Nicholson, J. W. Trinity College, Cambridge. 

1908. JNixon, Sir Christoehee, Bart., M.D., LL.D., 5).L. 2 Merrion- 

« square, Dublin. ^ 

1863. *Noble, Sir Andrew, Bart., K.C.B., D.So., F.R.S., F.R.A.S., F.C.S. 

(Pres. G, 1890 ; Council, 1903-06 ; Local Sec. 1863.) Elswick 
Works, and Jesmond Dene House, Newcastle-upon-Tyne. 
1863. §Norman, Rev. Canon Alfred Merle, M.A., D.C.L., LL.D., F.R.S., 
F.L.S. The Red House, Berkhamsted. 

1888. JNSrmam, George. 12 Brock-street, Bath. 

1883. *Norris, William G. Dale House, Coalbrookdale, R.S.O., Shropshire. 
1894. §Notoutt, S. A., LL.M., B.A., B.Sc. (Local Sec. 1895.) Constitu- 
tion-hill, Ipswich. 

1903. JNoton, John. 45 Part-street, Southport. 

1909. jNugent, F. S. 81 Notre Dame-avenue, Winnipeg, Canada. 

1910. §Nunn, T. Percy, M.A., D.Sc. ' London Day Training College, 

Southampton-row, W.C. 

1908. §NTitting, Sir John, Bart. St. Helen’s, Co. Dublin. 


1898. *0’Brien, Neville Forth. Fryth, Pyrford, Surrey. 

1908. JO’CarroU, Joseph, M.D. 43 Merrion-square East, Dublin. 

1883. JOdgers, William Blake, M.A., LL.D., K.C. 16 Old-square, 
Lincoln’s Inn, W.C. 

1910. *Odling, Marmaduko, B.A., F.G.S. 15 Norham -gardens, Oxford. 

1858. *Odling, William, M.B., F.R.S., V.P.C.S. (Pres, B, 1864 ; Council, 
1865-70), Waynflete Professor of Chemistry in the University 
of Oxford. 15 Norham-gardens, Oxford. 

1908. §0’FarreIl, Thomas A., J.P. 30 Lansdowne-road, Dublin. 

1902. JOgden, James Noal. Claremont, Heaton Chapel, Stockport. 

1876. JOgilvie, Campbell P. Lawford-place, Manningtree. 

1885. JOgilvie, F. Grant, C.B., M.A., B.Sc., F.R.S.E. (Local Sec 
1892.) Board of Education, S.W. 

1905. *Oke, Alfred William, B.A., LL.M., F.G.S., F.L.S. 32 Denmark- 
villas, Hove, Brighton. 

1905. §Okell, Samuel, F.R.A.S. Overiey, Langham-road, Bowdon, 
Cheshire. 

1908. §01dham, Charles Hubert, B.A., B.L., Professor of Commerce in 
the National University of Ireland. 5 Victoria-terrace, Rath- 
g^ir, Dublin. 

1892. JOldham, H. Yule, M.A., F.R.G.S., Lecturer in Geography in the 

^ University of Cambridge. King’s College, Cambridge. 

1893. *Oldham, R. D., F.G.S., Geological Survey of India. Caro of 

Messrs. H. S. King & Co., 9 PaU Mall, S.W. 

1863. {Oliver, Daniel, LL.D., F.R.S., F.L.S., Emeritus Professor of 
Botany in University College, London. 10 Kew Gardens- 
road, Kew, Surrey. 

1887. {Oliver, F, W., D.So., F.R.S., F.L.S, (Pres. K, 1906), Professor 
of Botany in University College, London, W.C. 

1889. {Oliver, Professor Sir Tliomas, M.D. 7 ElHson-place, Newcastle- 
upon-Tyne. 

1882. §Olsen, 0. T., D.Sc., F.L.S., F.R.A.S., F.R.G.S. 116 St. Andj^w’s- 
terrace, Grimsby. 

1880. *OmmanneJ’, Rev. E. A. St. Michael’s and All Angels, Portsea, 
Hants, , 

1908. {O’Neill, Rev. G., M.A, University College, St. Stephen’s Green, 
Dublin. 

1902. {O’Neill, H^y, M.D. *6 College-square East, Belfast. 
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1902. tO’Reilly, Patrick Joseph. 7 North Earl-stroet, Dublin. 

1905. tO’Riloy, Jk 0. 70 Barnet-street, Gardens, Capo Town. 

1,884. ♦Orpen, Rev. T. H., M.A. The Vicarage, Great Shelford, Cambridge. 
1901. JOn*, Alexander Stewart. 10 Modows-Htroot. Bombay, India. 

1905. JOrr, Professor John. Transvaal Teclinical Institute, Johannes* 
burg. 

1909. §Orr, John B. Crosaacres, Woolton, Liverpool. 

1908. *Orr, William. Dungarvan, Co. Waterford. 

1901. *Orton, K. J. P., M.A., Ph.D., Professor of Chemistsy in l?niversity 
College, Bangor. 

1910. §Osborn, T. G. B., B.Sc. The University, Manchester. 

1905, fOsborn, Philip B. P.O. Box 4181, Johannesburg. 

1901. JOsbome, W. A., D.Sc, University College, W.C. 

1908. JO’Shaughnessy, T. L. 04 Fitzwilliam-sqiiare, Dublin. 

1887. {O’Shea, L. T., B.Sc. University College, Sheffield. 

1865. *Osler, Henry F. Coppy-hill, Linthurat, near Bromsgrove, Bir- 
mingham. 

1884. {OsLER, William, M.D., LL.D., F.R.S., Regius Professor of Medicine 
in the University of Oxford. 18 Norham-gardens, 
Oxford. 

1881. ’*‘Ottewell, Alfred D. 14 Mill Hill-road, Derby, 

1896. {Oulton, W. Hillside, Gateacre, Liverpool. 

1906. {Owen, Rev. E. C. St. Peter’s School, York. 

ISOS. *Owen, Edwin, M.A. Terra Nova School, Birkdale, Lancashire. 
1896, {Owen, Peter. The Elms, Capenhurst, Chester. 

1910. *Oxley, A. E. Rose Hill View, Kimberworth-road, Rotherham. 


1909. {Pace, F. W. 388 Wellington-crescent, Winnipeg, Canada. 

1908. {Pack-Beresford, Denis, SlR.I.A. Fenagh House, Bagenalaiown, 

Ireland. 

1906. §Page, Carl D. Wyoming House, Aylesbury, Bucks. 

1903. *Page, Miss Ellen Iva. Turret House, Felpham, Sussex. 

1883. {Page, G. W. Bank House, Fakenham. 

1870. *Palgrave, Sir Robert Harry Inglis, F.R.S., F.S.S. (l^res. F, 
1883.) Henstead Hall, Wrentham, Suffolk. 

1896. {Pallia, Alexander. Tatoi, Aigburth-drivo, Livei’pool 

1878. ^Palmer, Joseph Edward. Royal Sooiotios Club, St James’s -stroot, 

S.W. • 

1866. §Palmer, William. Waverley House, Wavorloy-streot, Notting- 
ham. • 

1880. *Parke, George Henry, F.L.S., F.G.S. Care of W. T. Cooper, Eh<(., 
Aysgarth, The Mall, Southgate, N. 

1904. {Parker, E. H., M.A. Thorneycreek, Herschel-road, Cambridge* 

1905. {Parker, Hugh. P.O. Box 200, Pietermaritzburg, Natal. 

1905. {Parker, John. 37 Hont-street, Capo Town, 

1909. §Parker, M. a., B.Sc., F.C.S. (Local Sec. 1009), Professor of 

Chemistry in the University of Manitoba, Winnipeg, Canada. 
1891. {Parker, William Newton, Ph.D., F.Z.S., Professor of Biology in 
University College, Cardiff. 

1905^. *Parkes, Tom E. P.O. Box 4580, Johannesburg. 

1899. *Parkin, John. Elaithwaite, Carlisle. 

1905. *Parkin, Thomas. Blaithwaite, Carlisle. 

1906. §Parkm, Thomas, M.A., F.L.S., |:..Z.S., F.Ri]|.S. Fairseat, High 

Wickham, Hastings. 

1879. ^Parkin, William, The Mount, Sheffield. 

1903, fParry, Joseph, M.Inst.C.E. Woodbbry, WaterS>o, near Liverpool. 
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1908. JParry, W. K., MJ.nst.C.E. 6 Charlemont-terrace, Kingstown, 
Dublin. 0 

187-8. JParsons, Hon. C. A., C.B., M.A., Sc.D., P.R.S., M.Inst.C.E. 
(Pres. G, 1904.) Holeyn Hall, Wylam-on-T 3 nie. 

1901. JParsons, Professor F. G. St. Thomas’s Hospital, S.E. 

1905. ^Parsons, Hon. Geoffrey L. Northern Counties Club, Newcastle-on- 

Tyne. 

1898. *Partridge, Miss Josephine M. 15 Grosvenor-crescent, S.W. 

1887. JBATEngpN, A. M., M.D., Professor of Anatomy in the University 
of Liverpool. 

1908. JPaterson, M., LL.D. 7 Halton-place, Edinburgh. 

1909. JPaterson, William. Ottawa, Canada, 

1897. JPaton, D. Noel, M.D. Physiological Laboratory, The University, 

Glasgow. 

1883. *Paton, Rev. Henry,M.A. Airtnoch, 184 Mayfield-road, Edinburgh. 

1884. *Paton, Hugh. Box 2400, Montreal, Canada. 

1908. §Patten, C. J., M.A., M.D., Sc.D. The University, Sheffield. 

1902. fPatterson, R. Glenbank, Hollywood, Co. Down. 

1874. JPatterson, W. H., M.R.I.A. 26 High-street, Belfast 
1879. *Patzer, F. R. Clayton Lodge, Newcastle, Staffordshire. 

1883. JPaul, George. 32 Harlow Moor-drive, Harrogate. 

1863. iPAVY, Frederick William, M.D., LL.D., F.R.S. 35 Grosvenor- 
street, W. 

1887. *Paxman, James. Standard Iron Works, Colchester. 

1887. *Payno, Miss Edith Annie. Hatchlands, Cuckfield, Hayward’s 

Heath. 

1877. *Payne, J. C. Charles, J.P, Albion-placo, The Plains, Belfast. 

1881. tPayne, Mrs. Albion-place, The Plains, Belfast. 

1888. *Paynter, J. B. Hendford Manor, Yeovil. 

1876. {Peace, G. H., M.Inst.C.E. Monton Grange, Eccles, near Man- 
chester. 

1906. {Peace, Miss Gertrude. 39 Westbourne-road, Sheffield. 

1885. {Peach, B. N., F.R.S., F.R.S.E., F.G.S. Geological Survey Office, 

George-square, Edinburgh. 

1886. *Pearce, Mrs. Horace. Colhngwood, Manby-road, West Malvern, 

1905. {Pearse, S. P.O. Box 149, Johannesburg. 

1883. {Pearson, Arthur A., C.M.G. Hillsborough, Heath-road, Petersfield, 
Hampshire. 

1893. *Pearsdn, Charles E. Hillorest, Lowdham, Nottinghamshire. 

1898. {Pearson, George. Bank-chambers, Baldwin-street, Bristol. 

4905. §Pearson, Professor H. H. W., M.A., F.L.S. South African College, 

Capo Town. 

1883. {Pearson, Miss Helen E. Oakhurst, Birkdale, Southport. 

1906. {Pearson, Joseph. The University, Liverpool. 

1904. {Pearson, Karl, M.A., F.R.S., Professor of Applied Mathematics in 
University College, London, W.C. 

1909. §Pearson, William. Wellington-crescent, Winnipeg, Canada. 

Peckitt, Henry.* Carlton Husthwaite, Thirsk, Yorkshire. 

1855. *Peokoveb, Lord, LL.D., F.S.A., F.L.S., F.R.G.S. Bank House. 
Wisbech, Cambridgeshire. 

1888. {Peckover, Miss Alexandrina. Bank House, Wisbech, Cambridge- 
shire. 

1885. {Peddie, WMliam, Ph.D., F.R.S.E., Professor of Natural Philosophy 
in Univeij^ity College, Dundee. 

1884. {Peebles, W. E. 9 North Erederick-street, Dublin. 

1878. *Peek, William. 4 Caiiyle-mansions, Brunswick-place, Hove. 

1901. *Peel, Hon. William, MfP. 13 King’s Bench- walk, Temple, E.O, 
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1905. §Peirson, J. Waldie. P.O. Box 561, Joliaunesburg. 

1905. § Pemberton, “Gustavus M. P.O. Box 9^^, Johaniiosburg. 

18^7. JPendlebtiky, William H., M.A., F.C.S. (Local 180{),) 
Woodford House, MountOckls, fcJlircvvsbury. 

1894, JPengelly, Miss. Lamorna, Torquay. 

1896. {Peimant, P. P. Nautlys, St. Asaph. 

1898. JPercival, Francis W., m.A., F.R.G.S. I Chosham-strcet, S.W. 

1908. ifPercival, Professor John, M.A. University College, Beading. 

1905. JPeringuey, L., B.Sc., F.Z.S. South African Museuim CapeoTown. 
1894. JPeeken’, a. G., F.R.S., F.B.S.E., F.C.S., F.LC. 8 Montpolior- 

terrace, Hyde Park, Leeds. 

1902. *Perkin, F. Mollwo, Ph.D. The Firs, Hongravo-road, Honor Oak 
Park, S.E. 

1884. JPebkin, William Henry, LL.D., Ph.D., F.R.S., F.R.S.E. 

(Pres. B, 1900 ; Council, 1901-07), Professor of Organic 
Chemistry in the Victoria University, Manchester. Fair- 
view, Wilbraham-road, Fallowiiold, Manchester. 

1864. *Perkins, V. R. Wotton-under-Edge, Gloucestershire. 

1898. *Perman, E. P., D.Sc. University College, Cardiff. 

1909. {Perry, Rev. Professor E. Guthrie. 246 Kennedy-street, Winnipeg, 

Canada. 


1874. 


1904. 

1900. 

1901. 
1910. 

1895. 

1871. 

1863. 

1903. 

1905. 
1853. 
1877. 

1905. 

1899. 

1894. 

1910. 

1890. 

1909. 

1905. 

1883. 
1901. 
1885. 

1884, 


♦Perry, John, M.E., D.Sc., LL.D., F.R.S. (General Treasurer, 
1904- ; Pres. G, 1902 ; Council, 1901-04), Professor of 

Mechanics and Mathematics in the Imj^orial College of Science 
and Technology, S.W. 

♦Pertz, Miss D. F. M. 2 Cranmer-road, Cambridge. 

♦Petavel, J. E., M.Sc., F.R.S., Professor of Engiuooi'ing in the 
University of Manchester. 

{Pethybridge, G. H, Royal College of Science, Dublin. 

♦Petrescu, Lieutenant Dimitrie, R.A., B.Eng. Can^ of Popj), 
Corabia, Roumania. ' , 

{Petrie, W. M, Flinders, D.C.L., F.R.S. (Pres. H, 1895), Professor 
of Egyptology in University College, W.C. 

♦Peyton, John E, H., F.R.A.S.,*F.G.S. Vale House, St. HoHeFs, 
Jersey. 

♦PHENJg, J OHN Samuel, LL.D., F.S. A., F.G.S., F.R.G.S. 5 Carlton- 
terrace, Oakley-strcot, S.W. 

{Philip, James C. 20 Westfield-terraco, Aberdeen. 

{Philip, John W. P.O. Box 215, Johannesburg. • 

*PWlips, Itev. Edward. Hollington, Uttoxeter, Staftordshiiu 
fPMips, T. Wtehart. Elizabeth Lodge, Crosoent-road, South*' 
Woodford, Essex, 

|PM]limor^ IVIiss C. M Shiplake House, Heuloy-on-'niamw. 
♦Phillips, Charles E. S., E.R.S.E. Castle House, Shooter’s Hill, 
Kent. 

fPhiffips, Staff-Commander E. C. D., K.N., E.R.G.S. 14 Har- 
greaves-buildings, Chapel-street, Liverpool. 

Phillip, P. P., Ph.D., Professor of Cliomistry in the Thoniason 
.^Engineering College, Rurki, United Provinces, India. 

JPhilhps, R. W., M.A., D.So., E.L.S., Professor of Botany in Uni 
“.■m College, Bangor. 2 Snowdon- villas, Bangor. 

Phulips, Richard. 15 Dogpole, Shrewsbury. 

{PMp, Ifms M. i2., BMc. 12 Crescenl-grom, Olapham^ 
^ckardj Joseph William, Oatlands, Lancaster, 
gHokard, Robert H., D.So, Billinge View, Blackburn. 

Harpendon, Herts. 

Pickett, Thomas E., M.D. MaysviUelTMason Co.,GK:ontucky, U.S. A. 
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1907. JPicldes, A. R., M.A. Todmorden-road, Burnley. 

1888. *Pidgeon, W. R. Lynsted Lodge, St. Edmund’ s^fcerrace. Regent’s 
• Park, N.W. 

1865. {Pike, L. Owen. 10 Chester-terrace, Regent’s Park, N.W. 

1896. *Pilkington, A, C. Rocklands, Rainhill, Lancashire. 

1905. JPilling, Arnold. Royal Observatory, Cape Town. 

1896. spilling, William. Rosario, Heene-road, West Worthing. 

1905. JPim, Miss Gertrude. Charloville, Blaokrook, Co. Dublin. 

1908. *Pfo, Professor D. A. 14 Leverton-street, Kentish Town, N.W. 

1908. JPirrie, The Right Hon. Lord, LL.D., M.Inst.C.E. Dowiishire House. 

Belgrave-square, S.W. 

1909. JPitblado, Isaac, K.C. 91 Balmoral-place, Winnipeg, Canada. 

1893. ’*'PiTT, Walter, M.Inst.C.E. Lansdown Grove Lodge, Bath. 

1908. §Pixell, Miss Helen L. M. St. Faith’s Vicarage, Stoke Newington, N. 
1900. *Platts, Walter. Fairinonnt, Bingley. 

1898. §Plummer, W. E., M.A., P.R,A.S. The Observatory, Bidston, 
Birkenhead. 

1908. JPlunkett, Count G. N. National Museum of Science and Art, 
Dublin. 

1908. JPlunkett, Colonel G. T., C.B. Belvedere Lodge, Wimbledon, S.W. 

1907. ^Plunkett, Right Hon. Sir Horace, K.C.V.O., M.A,, P.R.S. 

KiUeragh, Foxrock, Co. Dublin. 

1900. ’’‘Pocklington, H. Cabourn, M.A., D.Sc., F.R.S, 11 Regent Park- 
terrace, Leeds. 

1904. JPollard, William. 12 Aberdare-gardens, South Hampstead, N.W. 

1908. JPollok, James H., D.Sc. 6 St. James’s-terrace, Clonshea, 

Dublin. 

1906. *Pontifex, Miss Catherine E. 7 Hurlingham-court, Fulham, S.W. 

1907. JPope, Alfred, F.S.A. South Court, Dorchester. 

1900. *PoPB, W. J., F.R.S., Professor of Chemistry in the University of 

Cambridge. 

1892. JPoppIewell, W. C., M.Sc., Assoc.M.Inst.C.E. Bowden-lane, 
Marple, Cheshire. 

1901. §Porter, Alfred W,, B.Sc. 87 Parliament Hill-mansions, Lissenden- 

gardens, N.W. 

1883. *Porter, Rev. C. T., LL.D., D.D. All Saints’ Vicarage, Soxithport. 

1905. §PoRTER, J. B., Ph.D., M.Inst.C.E., Professor of Mining Engineering 

in the McGill University, Montreal, Canada. 

1905. JPorte?, Mrs. MoGiU Univemty, Montreal, Canada. 

1883. JPoTTER, M. C., M.A., F.L.S., Professor of Botany in the Arm- 
• strong College, Newcastle-upon-Tyne. 13 Highbury, New- 

castlo-upon-Tyne. 

1906. JPotter-Kirby, Alderman George. Clifton Laxvn, York. 

1907. JPotts, F. A. University Museum of Zoology, Cambridge. 

1908. *Potts, George, Ph.D., M.Sc. Grey University College, Bloem- 

fontein, South Africa. 

1886. *PouLTON, Edwari) B., M.A., F.R.S., F.L.S., F.G.S., F.Z.8. (Pres. D, 
1896 ; Council, 1895-1901, 1905- ), Professor of Zoology in 
the University of Oxford. Wykeham House, Banbury-road, 
Oxford. 

1905. JPoulton, Mrs. Wykeham House, Banbury-road, Oxford, • 

1898. ’’‘Poulton, Edward Palmer, M.A. Wykeham House, Banbury.road, 
OxfoM. 

1905. JPoulton, Miss* Wykeham House, Banbury-road, Oxford, 

1905. JPoulton, Miss M, Wykeham House, Banbury-road, Oxford. 

1873. ’**Powell, Sir Francis S,, Bart., F.R.G.S. Horton Old Hall, 
Yorklliire ; and f Cambridge^square, W. 

E 


1910. 
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Sr*Porfl, 81. Elotod teU M.D. C2 Wimpolci™!, 

CaveMisli-square, W._ 

1S87. 18i»), ProfoHSor of 

... ,p 

1869. 0.thi»to!s.. 

1889. .p,.»,J!“'£oti’;r‘ BV^'nel™, Woodboraigh-™.!, V,,!.,,,.. 

1»4 iP.»,S’M». Stoning. Il..l..«g UnderelU.rorf, Pnltotovn. 

s' &S."p:;T ,Er8i“ST”tnHnn,8„»«n1d. 

S: M.S. U Hi. P8nh».6«. 

1888. o,i,i (College. Oxford. 

iS7>i *Prioe, Bees. 163 Bath-street, Gl.isgow. 

1 ftw’ *pLcb W. a., M.A. 38 Glonoestor-road, ioddmgton. 

Tsie - Whn„ W. 

IS- KSoflleI2S^m ^ Chioap, U.S.A. 

iS" »Prouse, ok'ald Milton, P.G.S. Alv.t.gkm, IlfracKjmbo. 
iVp *mor, M. Robert. Weston Park, Stevenage, Herts. 

mi. *]?uC, Sir Robert, M.P., P.R.S.E. Tayside, Perth. ^ 

1 QR*? ’''Pullar Rufus O., P.C.S. Brahan, loith. 

iaoR SPnIVn Burrv, Mias. Lyeeimi Club, 128 Lbeeadilly, W. 

IS Ifninett l/o., M.A.. PmfesKor of Biology in the IJnivei’.ol.y O.. 

im IR Cams Oollego, Oamljridgo. 

loni^l tPurcell. W. H\, M.A., Plt.D. South Afri.'au Musennn CajK, lowu. 

tPuroel Mrs. W. F. South African Musetim, (.ape Lown. _ 
iS Kni Thomas, B.Se., rii.D.,F.R.S., Professc.r ol Uhenuslry in (he 
1885. XI of St. Andrews. 14 South-streot, St.Amlrevvs, N. I .. 

1881. $Purcy-Cuat, Very Rev. Arthur Pcroival, M.A., Dean of 't ork. .1 he 

1884 »Purves!^ w! Haicllawi 20 Stra,tford-])laee, 0.\ford-street, W. 

- 1905' IPurvis, Mr. P.O. Box 744, Johannesburg. ., 

lam- *Pusev, S. E. B. Bouverie. Pusoy House, Fanngdon. 
i siQSi *Py 6 Miss B. St. Mary’s Hall> Kocliester, 

1883' SPytsmith, Arnold. 32 Quem Victoria-street, ®.C. 

1 aa^‘ tPve-Snuth, Mrs. 32 Queen Viotoria-strocst, E.G. , , 

im |pS-sS, P. H., M.B., E.R.S. 48 Brook-street, W. ! and Guy’.s 

1879. tPye-IS!B. X Glossop-roadQ Sheffield. " 
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189,1. {Quick, James. 22 Boiircric-road Wcsl., Folkestone. 

1900. "‘Qiiiggiii, Mrs. A. Hingston. SS Hartingion-grJve. Cambridge. 

• • 

1879. {UadfoL'd, R. Hcbor. 15 Si. Jamos’s-row, Slieffiokl. 

1855. '^‘•Radstoek, The Right Hon. Lord. Mayfield, Wooiston, Sotiihampion. 
1887. '‘'Bagdale, John Rowland. The Beeches, Stand, near l^Ianchoster. 
1905. ffiaine, Miss. P.O. Box 7SS, Johannesburg. 

1905. :}?^,aino,*Bobeit. P.O. Box 1091, Johannesburg. 

1898. ‘-^Raisin, Miss Catherine A., D.Se., Bedford College, York-placc, 
Baker-street, W. 

1890. ^Ramage, Hugh, M.A. The Technical Institute, Normeb. 

1801. ^^Rambaitt, Abthto A., M.A... O.So., F.R.S., F.R.A.S., M.R.I.A. 

Radcliffe Observatory, Oxford. 

1 90S. {Ram bant, Mrs. Radelifte Observatory, Oxforrl. 

1870. '^-Ramsay, Sir William, K.O.B., Ph.lT, D.Sc., F.R.S. (President 
Elect; Pres. B, 1897; Council, 1891 -OS), Professor of 
Cbeinist-ry in University College, London. 19 Cb.ester-terrace 
Regent’s Park, N.W. 

1883. {Ramsay, Lady. 19 Chostcr-terrace, Regent’s Park, N.W. 

1869. ■'^Rnnce,’ H. W. ITennikor, LL.D. 10 Castletown -road, W. 

1907. {Rankino, A. 0. 21 Drayton-road, West Ealing, W. 

1868. ^Ransom, Edwin, F.R.G.S. 24 Ashbnrnbnni-road, Bedford. 

1861. {Ransomk, Arttiub, M.A., M.D., F.R.S. (Local See, 1861.) 

137 Church-sfreot, Chelsea., S.VV. 

1903. §Rastall, R. H. Christ’s College, Cambridge. 

1892. *Rathbone, Miss May. Backwood, Nos ton, Cheshire. 

1874, {Ravekstein, E. G., F.R.G.S., F.S.S. (Pres. E, 1891.) 2 York- 
mansions, Battersea Park, S,W. 

1908. *RawortIi, Alexander. Fairliolm, Uppingham -road, Leicester. 

1905. {Rawson, Colonel Herbert E., R.E. Army Headquarters, Pretoria. 
1868. ’^'Rayleigh, The Right Hon. Lord, O.IVL, M.A., D.C.L., LL.D., 

F.R.S., F.R.A.S., F.R.G.S. (President, 1884 ; Trustee, 
1883- ; Pres. A, 1882 ; Council, 1878-83}, Professor of 

Natural Philosophy in the Rf>yal Insti f ution, London. Terling 
Place, Witham, Essex. 

*1883. ’^'Ra.jme, Charles A., M.D., M.R.C.S. St. Mary’s Gate, Lancaster. 
1897. '**Rayner, Edwin Hartrec, M.A. 40 Glouceslcr-road, Teddington, 
Mkldlosox. 

1007. §Rea, Carleton, B.C.L. 34 Foregak^-street, Worcester. 

•1806. *Read, Charles H.,LLJX,F.S.A. (Pres, H, 1899.) British Museunn 
W.C. 

J902. {Reade, R. H. Wilmount, Dunmtirry. 

1884. §Roadman, eT. B., D.Se., F.R.S.E. StafTiold Fall, Kirkoswald, 

R. S. 0. , Cn mbcrl and, 

1852. ’^Redeern, Professor Peter, M.D. (Pres. D, 1874.) Templepatrioli 
House, Doneghadee, Co. Down. 

1890. '^'Redwood, Sir Boverton, F.R.S.E.. F.C.S. Wadhain Lodge, 

Wadham-gardons, N.W. 

1908, {Reed, Sir Andrew, K.C.B., C.V.O., LL.D. 23 Fitzwdlliam-square, 
Dublin. • 

1005. §Reed, J. Howard, F.R.G.S. 16 St. Mary’s Parsonage, Manchester. 

1891. *Reed, Thotnas A. Bute Docks, Cardiff. 

1894. ’^Rees, Edmund S. G. Dunscar, Oaken, near Wolverhampton. 

1891. *Rees, I. Trebarne, M.Inst.O.E. Blaonypant, near Newport, Mon- 
mouthshire. 

1903. §Kceves, E. A., F.R.G.S. I Savile-row, W. 

M 2 
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1906. ^Rciclxel, Sir H. K., LL.D., Principal of University College, Bangor. 
Penralft, Bangor, North Wales. 

19lt). *Reid, Alfred, M.B., M-.R.C.iS. Kuala Lumpur, Selangor. ^ • 

1901. ’’'Reid, Andrew T. 10 Woodsido-torraco, (^asgow. 

1904. ;i;Reid, Arthur H. 30 Welboek-street, W. 

1881. §Reid, Ai'tliiir S., M.A., F.G.S. Trinity College, Glenalmond, 
N.B. 

1883. *R333ID, Olemeht, F.R.S., F.L.S., F.G.S. 28 Jermyn-street, S.W. 

1903. ’♦‘Reid, Mrs. E. M., B.vSe. 7 St. James's -mansions, Wfest End-kno, 

N.W. 

1892. JReid, E. Waymouth, B.A., M.B., F.R.S., Professor of Physiology 
in University College, Dundee. 

1908. §Rei-d, Geoeoe Aeouball, M.B., C.M., F.R.S.E. 0 Victoria-road 

Soxith, Southsea. 

1901. *ReicI, Hugh. Belmont, Springburn, Glasgow. 

1001. JReid, John. 7 Park-terrace, Glasgow. 

1909. JReid, Johr Young. 329 Wellington-crescent, Winnipeg, Canada. 

1904. JReid, P. J. Moor Cottage, Nunthorpe, R.S.O., Yorkshire. 

1897. JReid, T. Whitehead, M.D. St. George’s House, Canterbury. 

1887. *Reid, Walter Francis. Fieldside, Addlestone, Surrey. 

1875. JReikold, A. W., M.A., F.B.S. (Council, 1890-95). 9 Vanbragh 
Park-road, Blackheath, S-E. 

1894, JRondall, Rev. G. H., M.A., Iitt.D. Charterhouse, Godaiming. 
1891. *Eendell, Rev. James Robson, B.A. Whinside, Wlialley-road, 
Accrington. , 

1903. *RendIiE, Dr. A. B., M.A., F.R.S., F.L.S. 28 Holmbush-road, 

Putney, S.W. 

1889. ^Rennie, George B. 20 Lowndes-street, S.W. 

1906. JBennie, John, D.Sc. Natural History Department, University of 
Aberdeen. 

1905. *Renton, James Hall. Rowfold Grange, Billinghurst, Sussex. 

1905. JReunert, Clive. Windybrow, Johannesburg. 

1905. JReunert, John. Windybrow, Johannesburg. 

1904. JReunert, Theodore, ‘M.InskC.E. P.O. Box 92, Johannesburg. 

1905. §Reyersbacb, Louis, Care of Messrs. Wernlier, Beit, So Co„ 

1 London Wall-buildings, E.C. 

1883. *Reynokls, A. H. 271 Ijord-stroet, Southport. 

1871. JRetoodds, James Emerson, M.D., D.So., F.R.S,, F.O.S., 
M.BJ.A. (I’res. B, 1893 ; Council, 1893-99.) ^3 Inverua^s- 
gardons, W. 

1900. ^Reynolds, Miss K. M. 8 Darnloy-road, Nottiug Hill, W. ^ 

1870. ^Reynolds, Osbobn^e, M.A., LL.D., F.R.S., JVl.tnst.C.E. (Pim G, 
1887.) St. Decuman’s, Watchet, Sommvset. 

1906. JReynolds, S. H., M.A., Professor of Geology and Zoology in 

the University of Bristol. 

1907. §Roynolds, W. Birstall Holt, near I/jiccster. 

1877. ^Rhodes, «Tohn. 360 Blackbum-road, Accrington, Lancashire. 

1899. ‘•‘Rhys, Professor Sir John, D.Sc. (Pres* H, 1900.) dosus College, 
Oxford, 

^ 1877. ‘•'Eiccardi, Dr. Paul, Secretary of the Society of Naturalists. Kiva 
Muro 14, Modena, Italy. 

1905. §Rioh, Miss FloTexroe, M.A. Granville School, Granvillo-road, 
Leicester. ^ 

Surrey. 


, 1906. Jltiohards, Rev. A. W. 12 Bootham-terrace, York, 

; , 3 Oholihley-villas, liong Ditton, 

M.A. ' 12 St, Maj;y’s, York. 
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1896. *Ricliardsonj Nelson Moore, B.A., F.E.S. Montevideo, Cbickeuell, 
near Weymouth. • 

190L ^’Richardson, Professor Owen Willans. 35 Bank -street, Princot<iwn, 
N.J., U,S.A. 

1876. §Riohardson, William Raden. City Glass Works,* Glasgow. 

1883. ^‘'Ride.vl, Samu j3L, D.Sc., F.C.S. 28 Victoria-street, S.W. 

1902. §Rir)GEWAy. Wiojam, M.A., D.Litt., F.B.A. (Pres. H, 1908), 

Professor of ArohjBology in the University of Cambridge. 
• fPlesidyshe, Fen Dittoix, Cambridge. 

1894. tRioLEY, E. P., F.G.S. (Local Sec, 1805.) . Bui’wood, Westerfiekl- 

road, Ipswich. 

1881. *Riggj Arthur. 150 Blomfield-tcrrace, W. 

1883. *RiaG, Edward, I.S.O., M,A. Royal Mint, E. 

1910. §Ripper, William, Professor of Engineering in the University of* 
Sheffield, 

1892. JRintonl, I)., M.A. Clifton College, Bristol, 

1905. {Ritchie, Professor W., M.A. South African College, Cape Town. 

1903. ^Rivers, W. H. R., M.D., F.R.S. St. John’s College, Cambridge. 

1908. **'Roaf, Herbert E., M..D., D.Sc. Physiological Department, The 

University, Liverpool. 

1898. '^‘Robb, Alfred A. lisuabreeny House, Belfast. 

1902. '^Roberts, Bruno. 30 St. Goorge’s-squarc, Regent’s Park, N.W. 

1887, ^Roberts, Evan. 30 St. Georgo’s-square, Fucgent’s Park, N.W. 

1881. {Roberts, R. D., M.A., D.Sc., F.G.S. University of London, South 

Kensington, S.W. 

1896. {Roberts, Thomas J. Inglesido, Park-road, Huy ton, near Liverpool. 

1897. ^Robebtsok, Sir George S., K.C.SJ. (Pros.‘E, 1900.) 1 Pump- 

court, Tcmi^le, E.O. 

1905. {Robertson, Dr. G. W. Office of the Medical Officer of Health, 
Cape Town. 

1897. §Robertson, Professor J. W., C.M.G., LL.D. The Macdonald 

College, St. Anne de Bellevue, Quebec, Canada, 

1901, *Robortson, Robert, B.Sc., M.Inst.C.E. 154 West George-street, 

Glasgow. 

1905, {Robertson, Professor T. E. Transvaal Technical Institute, Johan- 
nesburg. 

1898. {Robinson, Charles E., M.InsLC.E. Holno Cross, Ashburton, South 

Devon. 

1909. {RoBinson, E. M. 381 Main-street, Winnipeg, Canada. 

1903. {Robinson, G. H. 1 Weld-road, Southport. 

1905, {Robinson, Harry. Duncan’s-chambers, Shortmarket-street, Cape 

Town. 

1902. {Robinson, Herbert 0. Holmfield, Aigburth, Liverpool. 

1906. {Robinson, H, H., M.A., F.I.C. 75 Finborougb-road, S.W. 

1902. {Robinson, James, M.A., F.R.G.S. Dulwich College, Dulwich, >S.E, 

1888, {Robinson, John, M.Inst.C.E. 8 Vicarage-terrace, Kendal. 

1908. ^Robinson, John Gorges. Cragdale, Settle, Yorkshire. 

4910. §Robinson, John Hargreaves. Cable Ship ^Norseman,’ Western 
Telegraph Co., Caixa no Cori’eu No, 117, Pernambuco, BraaiL 

1895. ’‘‘Robinson, Joseph Johnson* 8 Trafalgar-road, Birkdale, Southport^ 
1905. {Robinson, Dr. Leland. 6 Viotoria-walk, Woodstock, Cape Town. 

1899. ^Robinson, Mark, M.Inst.C.E. Parliameht-charnbers, Great Bmith- 

str«et, S.W. 

1875. *Robinson, giobert, M,Inst.C.E. Beeohwood, Darlington. 

1908, {Robinson, Robert. Field House, Chesterfield. 

1904. {Robinson, Theodore R, 25 Campden Hill-gardens, W. 

1909. {Robinsofi, Captain W. 264 Roslyn-road, Winnipeg, Canada. 
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lOOOi JHobinBon, Mrs. W. 204 Roslyn-road, Winnijicg, OiiitKida, 
lt)04. JEobinsou, W. H. Kendrick Houso, Yictoria-road, Ponarth. 

18^. ’‘‘Robson, E. R. Palaco Chambers, 9 Bridgc-strcct-, Wcstuiinstfjr, 
S.W. 

1906. JEobson, Nalton. The Villa, Htill-road, York. 

1872. ’‘'Robson, William. 12 Albert- terrace, Edinburgh, 

1885. ’‘'Rodger, Edward, 1 Olairmont-gardens, Glasgow. 

1885. ’^Rodriguez, Epifanio. New Adolplii Chambers, 0 Robert-street, 
Adelphi, W.O. • ^ 

1905. JRoebuok, William Eonison. 259 Hyde Park-road, Leeds 

1907. JRoeohHng, H. Alfred, M.Iiist,C.E. 39 Victoria-street, S.W. 

1908. §Rogers, A. G. L. Board of Agriculture and Pishcrios, 8 Whiteliali- 

place, S.W. 

1905. §Rogers, A. W., M.A., E.G.S. South African Museum, Cape ’'Town. 

1898. JRoaJSRS, Bertram, M.D. (I^ocal See. 1898.) 11 York-place, 

Clifton, Bristol. 

1907. Georgo’s-sqnare, S.W. 

1890. *Rogers, L. J., M.A., Professor of MatiicniaUcs in the University of 
Leeds. 15 Regent Park-avenue. Leeds. 

1906. §Rogers, Reginald A, P. 'rrinity Colk\ge, Dublin. 

1909. :j:Rogers, Hon. Robert. Roslyn-road, Winnipeg, Canada, 

1884. ’‘'Rogers, Walter. Lamorva, Falmouth. 

1876. tRoLLiT, Sir A, K., B.A., LL.B.^ D.C.L., F.R.A.S., Hon. Follow 
K.O.L. 45 Belgrave-.squar 0 ^ S.W. 

1905. JRooth, Edward. Pretoria. 

1855. ’“Rosgoe, The Right Hon. SirllEiiTRY EnfielDj B.A., Ph.D., LL.D., 
D,C.L., F.R.S. (President, 1887 ; Pres. B, 1870, 1884 t 
Council, 1874-81 ; Local Sec. 1861.) JOBramham-gardens, S.W. 
1905. j;Rose, Miss G. 45 De Pary’s-avenue, Bedford. 

1905. {Rose, Miss G. Mabel. Ashley Lodge, Oxford. 

1883. ’‘'Rose, J. Holland, Litt.D. "Eihandune, Parksido-gardeiis, Wim- 
bledon, S.W. 

1905. {Bose, John G, Governmont Analytical Laboratory, Capo Town. 
1894. *Rose, T. -K., D.So., Chemist and Assayor to the Royal Mint. 
6 Royal Mint, E. 

1905, *Bosodalo, Rev. H. G., D.D., F.S.A. 36 Eiohmond-mansions, EaiTs 
Court, S.W. . 

1905. ’“Rosedalo, Rev, W, E., M.A. Wilkmhall, Staffordshire. 

1905. JRosen, Jacob. 1 Hopkins-streot, Yeoville, Transvaal ^ ** 

1905. JR oson, Julius. Clifton Grange, Jarvie-streot, Jeppestown, 'rnws va.al 
1900, {Bosealxaiu, Walter, B.A. Park View, Park-road, Teddiugfcon. 
1909. fEoss, D. A. 116 Wellington-erosoont, Winnipeg, Canada. 

1859. ’“Ross, Bov. James Coidmau. Wadworth Hall, Doncaster. 

1908. {Boss, Sir John, of Bladonsburg, K.C.B, Rostrevor House, 

Rostrevor, Co. Down. 


JRoss, John Callender. 46 Holland-streot, Campden-lull, W. 
JRoss, Colonel Ronald, C.B., F.R.S., Professor of Tropical Medicine 
and Parasitology in the University of Liverpool. ^J?he Uni- 
versity, Liverpool. 

’“Both, H. £dng. Briarheld, Shibden, Halifax, Yorkshire. 
JBothkugel, R. Care of Messrs. D. Isaacs & Co., Capo Town, 
’“Rottenburg, Paul,' LL.D. Care of Messrs. Leister, Bock, & Co., 
Glasgow. * <r 

’“Round, J. 0., M.E.aS. 19 CresceiR-road, Sydenham Hill, S.E. 
IRqiintliwaite, 0. H. E. Engineer^ Office, Grand Trunk PacijQc 
^Uway of Canada, Winnipeg. ' , - ^ ^ 


‘. ,^^ |Jollyba»k, Hajme-roaff, Beokenha'Sn 
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1905. §Rousselet, Chades F. 2 Pembridge-croscent, Bayswater, W. 

1903, *Ro^ye, Arthur W., M.B., F.G.S, 2 Price’s -aveuwe, Margate. 

1890. :j;Rowley, Walter, M.Iiist.C.E., F.S.A. Alderhill, Meamvopd.? 

Leeds. 

1881, ‘‘’Rowntree, Joseph. 38 St. Mary’s, York. 

1910. §Rowse,, Arthur A., B.Sc. Engineering Laboratory, Cambridge. 
1875. =*'RilaKEB, Sir Artulie. W., M.A., D.Sc., F.R.S. (Pbesibekt, 1901 ; 

Trustee, 1898- ; Geisteral Treasurer, 1891-98 ; Pres. A, 

• 1894 ; Council, 1888-91.) Everiugton House, Newbury, 

Berkshire. 

1869. §Rui>ler, F. W., I.S.O., F.G.S. Ethel Villa, Tatsfield, Westerham. 
190L ’‘‘Rudorf, 0. C. G., Pli.D., B.Sc. Ivor, Cranley-gardens, Muswell 
Hill, N. 

1905. *Ruffer, Marc Armand, C.M.G., M.A., M.D., B.Sc. Quarantine 
International Board, Alexandria. 

1905. JRuffer, Mrs. Alexandria. 

1 904. JRuhemann, Dr. S. 3 Sehvyn-gardens, Cambridge. 

1909. JRumball, Rev. M. 0., B.A, Morden, Manitoba, Canada. 

1896. *Rundell, T. W., F.R.Met.Soe. 3 Fenwdek-street, Liverpool. 

1904. JRussell, E. J., D.Sc. Rothamsted Experimental Station, Har- 

penden, Herts. 

1875. *Russell, The Hon. F. A. R. Steep, Petorslield. 

Russell, John. 39 Mountjoy-square, Dublin. 

1883. *Russell, J. W. 28 Staverton-road, Oxford. 

1852,. ^Russell, Norman Scott. Arts Club, Dover-street, W. 

1908. J Russell, Robert. Arduagremia, Haddon-road, Dublin. 

1908, J Russell, Right Hon. T. W., M.P, Olney, Terenure, Co, Dublin. 
1886. JRust, Arthur. Eversleigh, Leicester. 

1909, ^Rutherford, Alexander Cameron. Strathcona, Alberta, Canada. 

1907, §Ruthereobi>, Ernest, M.A., D.Sc., F.R.S. (Pres. A, 1909), Pro- 

fessor of Physios in the University of Manchester. 

1909. ifRuttan, Colonel H. N. Armstrong’s Point, Winnipeg, Canada, 

1908, JRyan, Hugh, D.Sc. Omdurmnn, Orwell Park, Rathgar, Dublin. 

1905. {Ryan, Pierce. Rosebank House, Rosebank, Cape Town. 

1909, JRyan, Thomas. Assiniboine-avenue, Winnipeg, Canada. 

1906. .^Rymer, Sir Joseph Sykes. The Mount, York. 


1903, JSAUiSteB, M, E., LL.D. (Pres. L, 1906), Professor of Education in 
tho Victoria University, Manchester. Eastwood, Weybridgo. 

• 1883, JSadler, Robert, 7 Lulworth-road, Birkdalo, Southport. 

1871, JSadler, Samuel Champernowne- Church House, Westminster, S.W. 
1903. JSagar, J, The Poplars, Savile Park, Halifax, 

1873. ’‘'Salomons, Sir David, Bart., F.G.S. Broomhill, Tunbridge 
Wells, 

1004. §S ALTER, A, E., D.Sc., F.G.S. 12 Clifton-road, Brookley, S.E. 

1901. JSamuel, John S., J.P., F.R.S.E. City Chambers, Glasgow. 

1907, ’‘‘Sand, Dr. Henry J. S. University College, Nottingham. 

1907. JSandars, Miss Cora B. Parkholme, Elm Park-gardens, S.W. 

Sandos, Thomas, A.B. Sallow Glin, Tarbcrt, Co. Kerry, 

1896. §Saner, John Arthur, M.Inst.O.E. Highfield, Nortiiwich. • * 

1896. JSaner, Mrs. Highfield, Northwich. 

1903. JSankey, ♦Captain H. R., R.E., M.Inst.C.E. Palace-chambers,. 
9 Bridge-street, S.W. 

1886. JSankey, Percy E. 44 RussoH-square, W,C. 

1905. JSargant, E. B. Quarry Hill, Eeigato, 

1896. ’“Sargant, IMass Ethel* Quarry HiS, Reigate. 
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1905. tSargent, Miss Helen A., B.A. Huguenot College, WoUmgtoii, 

CapeiColory, 

1507. §Sargent, H. C. Amborgate, near Derby. « 

1886, fSaundby, Eobert, M.D. 83 a Edinuud-streot-, Biriniiigbam, 

1900. ’*'Saukdb«, S. a. Fir Holt, Crowtiioriie, Berks. 

1003. *Saunders, Miss E. R, Nownham College, Cambridge. 

1901. tSawers, W. D. 1 Atbole Gardens-placje, Glasgow. 

1887. §Satoe, Rev. A. H,, M.A., D.D. (‘Piv.s. H, 1887), Professor of 

Assyriology in the University of Oxford. Qiioen’s^College, 
Oxford, 

1906. JSayer, Dr. Ettie. 35 Upper Brook-street, W. 

1883. *Scarborough, George, Whinney Field, Halifax, Yorkshire. 

1903. §3cAEiSBiitCK, Sir Chari.es, J.P. Soarisbrick Lodge, Southport, 
1903. fScarisbrick, Lady. Scarisbrick Lodge, Southport. 

1879. *SoHAFEE, E. A., LL.D., D.Sc., F.R.S., M.R.C.S. (General Seo- 
EETARY, 1896-1900 ; Pres. X, 1894 ; Council, 1887-93), 
Professor of Physiology in the University of Edinburgh. 

1888* '^'SoHAEFE, Robert F., Ph.D., B.So., Keeper of the Natural History 
Department, National Museum, Dublin. 

1880* *Sobemmann, Louis Carl Neueberg 12, Hamburg. 

1905* JSchortland, S., Ph.D, Albany Museum, Grahamstown, Caxie 
Colony. 

1908. §Schr6dter, Dr. E. 3-6 Jaoobistrasse, Diisseldorf, Germany. 

1873* ^SoHTJSTEE, Aethxje, Ph.D., F.R.S., F.R.A.S. (Pres. A, 1892 j 

Council, 1887-93.) Kent House, Victoria Park, Manchester. 
1905* JSclander, J. E. P.O. Box 466, Capo Town. 

1847. *SoLATEE, Phiub Lutley, M.A., Ph.D., F.R.S., F.L.S., F.G.S., 
F.R.G.S., F.Z.S. (General Secretary, 1876-81 ; Pres. 1), 
1875 ; Council, 1864-07, 1872-75.) Odiham Priory, Winch- 
field. 

1883. *SoLAXEE, W. Lxttley, M,A., F.Z.S. Odiham Priory, Winohfiold. 

1905. JSclater, Mrs. W. L. Odiham Priory, Winohfield. ^ 

1881. *Soott, Alexander, M.A., D.So., F.R.S., F.O.S, Royal Institu- 
tion, Albemarle-street, W. 

1878. *Soott, Arthur William, M. A., Professor of Mathematics and Natural 
Science in St, David’s College, Lampeter. 

1889. **'ScoTT, D, H., M.A., Ph.D., F.R.S., Pres.Tj.S. (General Secre- 

tary, 1900-03 ; Pres. K, 1896.) East Oakley House, Oakley, 
Hants ; and Athensoum Club, Pall Mall, S.W. ^ ^ 

1857. *ScoTT, Robert H., M.A., D.Se„ F.R.S., B’.R.MckS. 6 Elm Park- 
gardens, S.W. *> 

1902. JSoott, William R. TI10 University, St. Aik1?*o\vs, Scotland. 

1895* jScott-Elliot, Professor G, F,, M.A., B.Se., F.L.S. Newton, Dum- 
fries. 

1883. IScrivanor, Mrs. Haglis House, Wendovor. 

1909. tSoudamoro, Colonel F. W. Chelsworth Hall, Suffolk. 

1895. JScuH, Miss E. M. J.. St. Edmund’s, 10 Worsley-road, Hamp- 
stead, N.W. 

1890. ’•'Searle, G. F. C., M.A., F.R.S. Wynoote, HiUs-road, Cambridge. 
^1880. JSedowioe, Adaiw^, M.A., F.R,S. (Pres, D. 1899.) 2 Bumnei'-xuaee, 

S.W. ' 

1905; ^Sedgwick, C. F, Strand-street, Cape Town. 

1906. ’*'See, T. J. J., A.M,, Ph.D., F.B.A.S., Professor Mathematics, 

. , U.S. Navy. Naval Observatory, Mare Island, California. 

1907. ^eligmaim. Dr. C. G. 16 Yprk-terfaco, Regent’s Park, N.W. 

^1904^. ISeE, W* d* 19 Lensfieid-road, Cambridge. 

225 ISifth-avepiue, 'New York, UcS.A. ■ 
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1888. *Sbniee, AxjEEed, M.D., Ph.D., F C.S., Professor of Chemistry in 
Queen’s College, Galway. 

1888. ’^Sennett, Alfred R.., A.MJost.C.E. Bufiield, near Derby. 

J870, *Sephton, Rev. J. 90 llusldsson-streeb, Liverpool.^ 

190.1 JSeiTurier, Louis C. Ashley, Sea Point, Cape Town. 

1001. tServioe, Robert. Jauefield Park, Maxwelltown, Dumfries. 

1910. §Soton, R. S., B.So. The University, Leeds. 

1895. *Seton-KaxT, H. W. 31 Lingfield-road, Wimbledon, Surrey. 

1892. *SEWAm, A. a, M.A., F.R.S., F.G.S. (Pres. K, 1903 ; Council, 

1901-07; Local Sec. 1904), Professor of Botany in the Univer- 
sity of Cambridge. Westfield, Huntingdoii-road, Cambridge. 

1899. §Seymour, Professor Henry J., B.A., F.G.S. University College, 

Earlsf or t- terrace, Dublin, 

1891. fShaokoll, E. W, 191 Newport-road, Cardifi. 

1905. ^Shackleford, W. C , M.Inst.M.E. County Club, Lancaster. 

1904. tShaokleton, Lieutenant Sir Ernest H., M.V.O., F.R.G.S. 14 South 
Learmonth-gardcns, Edinburgh. 

1902, JShaftesbury, The Right Hon. the Earl of, D.L. Belfast Castle, 

Belfast. 

1901. ’^‘Shakespear, Mrs. G. A. 21 Woodland-road, Korthfield, Worcester- 
shire. 

1901). JvShann, Frederick. 6 St, Leonard’s, York. 

1878. iSiiARt*, David, M.A., M.B., F.R.S., F.L.S. Museum of Zoology, 
Cambridge. 

1904. JSharples, George. 181 Great Cheetham-stroot West, Higher 
Broughton, Manchester. 

1910. §Sha\v, J. J. 100 Mill Top, West Bromwich. 

1889. ’^Shaw, Mrs. M. S., B.Sc. Brookliaycs, Exmoiith, 

1883. ’»‘ShaW, W. N., M.A., So, D., F.R.S. (Pres. A, 1908 ; Ooimcil, 1895- 
1900, 1904-07.) Meteorological Oifico, 63 Victoria-street, 
S.W. 

1883. JShaw, Mrs. W. N. 10 Moreton-gardons, South Kensington, S.W. 

1904. {Shaw-Phillips, Mss. 70 Westhourno-loiTuce, Hyde Park, W. 

1903. JShaw-Phiilips, T., J.P. 70 Westbourne teriace, Hyde Park, W. 

1905. JShenstone, Miss A. Sutton Hall, Barcojube, Lewes. 

1905. tShonstono, Mrs. A. E. G. Sutton Hall, Barcombe, Lowes. 

1865, jShenstone, Frederick S. Sutton Hall, Barcombe, Lewe.s. 

1900. fSheppard, Thomas, F.G.S. The Municipal Museum, Hull, 

19(JB, §Shcpp?lrd, W. F., Sc,D., LL.M. Board of Education, White- 
hall, S.W. 

^905. JS^^Leridan, Dr. Norman. 96 Franois-streot, Bellevue, Johannesburg, 
1883, JSherlook, David, Rahan Lodge, Tullamore, Dublin. 

1883. tShorlock, Mrs. David* Raban Lodge, Tullamore, Dublin. 

1896. JSHBERmaTON, 0. S., M.D., D.Sc., F.R.S. (Pres. I, 1904; Council, 

1907- ), Professor of Physiology in the University of Liver- 
pool. 16 Grove-park, Liverpool. 

1888. *Shickle, Rev. C. W., M.A„ F.S.A. St, John’s Hospital, Bath, 

1908. ’^‘Shiokle, Miss Mabel G, M. 9 Cavendish -crescent, Bath. 

1902* ’•‘Shillington, T. Foulkes, J.P. Dromart, Antrim-road, Belfast* 
1883. *Shil1itoe, Buxton, F.R.G.S. 29 Sydenham-lull, S.E. 

1887, ’•‘Shipley, Abthttr E., M.A., D.Sc., F.R.S. (Pres. D, M)09 ; 
Council, 1904- ), Master of Christ’s College, Cambridge. 

1909. JSMpley, J.W., B.A. University of Manitoba, Winnipeg, Canada, 

1897. JShobe, Dr. Ligsvis E. St* John’s College, Cambridge. 

1882. JShobe, T. W., M.p., B.Sc., Lecturer on Comparative Anatomy at 
St. Bartholomew’s Hospital. 6 Kingswood-road, Upper Nor- 
wood, S.E. • 
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1901. JShort, Peter M.. B.Sc. 1 Holmdono-aveiiiie, Heruo Hill, S.E. 

1908. §Shortcr, Lfiwis li., B.Sc. 515 Campden Hill-road, W. 

1904. ’^^Shrabsall, F. 0., M.A., M.D. 34 Lime-grove, Uxbridgo-road, 

1010. vJBimttlowortii, T. E. 5 Pa]’k-n.V(’nnc, Biverdale-road, SlielHold. 

1880. fSibloy, Walter K„ M,A., M.D. The Mansions, 70 Duke-street, W. 

1902. tSiddons, A. W. Harrow-on-the-Hill, Middlesex. 

1883. *Sidebotham, Edward John. Erlesdene, Bowdon, Choshix’e, 

1877. *Sidebotham, Joseph Watson, Merlowood, Bowdon, GhasMro, 

1873. ^SiEMEHS, Ai^xander, M Jnst.C.B. Caxton Houses We^minster, 

S.W. 

1905* {Siemens, Mrs. A. Caxton House, Westminster, S.W. 

1903. *Silberrad, Dr. Oswald. Backliurst Hill, Essex. 

187 L *SiMPSOX, Sir Alexander R., M.D., Emeritus Professor of Mid- 
wifery in the University of Edinbui*gh. 52 Queen-street, 
Edinburgh. 

1803. {Simixson, J. B., F.G.S. Hedgefield House, Blaydon-on-Tyno. 

1909. {Simpson, Professor J, C. McGill University, Montreal, Canada. 

1908. {Simpson, J. J., M,A., B.Sc. Zoological Department, Marischal 

College, Aberdeen. 

1901. ^Simpson, Professor J. Y., M,A., D.So., F.'R.S.E, 25 Cheater-street, 

Edinburgh. 

1907. ,^;iimps6n, lieut, -Colonel B. J. S., C.M.G. 60 Shooters Hill-road, 
Biaokheatli, S.E. 

1909. *Bimx3aon, Samuel, B.So. 49 Finabiny-pavement, E.C. 

1909, /{Simpson, Sutherland, M*B. Cornea University Medical College* 
Ithaca, 35?6 w York, U.S.A. 

1894. §Simpson, Thomas, F.B.G.S. Ponnymere, Castle Bar, Ealing, W. 
1896. ^SncPsoN, W., F.G.S. Catteral Hall, Settle, Yorkshire. 

1884. *Simpson, Professor W, J. R., C,M.G., M.D. 31 York-terrace, 

Regent’s Park, N.W- 

1909. {Sinclair, J. D, 77 Spenoe-streefc, Winnipeg. 

1874. {SmoLAJR, Right Hon. Thomas. (Local Sec. 1874.) Dunedin, 

Belfast. 

1907. *Sircar, Dr. Amrita Lai, L.M.S., F.O.S. 51 Sankaritola, Cal- 
cutta. 

1905. *SiroGBEK, Professor H. Natural History Museum, Stockholm, 

Sweden, 

1902. {Skeffinglon, J. B., M.A., LL.D. Waterford. 

1906. JSkerry, H. A. St PauTs-sqaare, York. * *■ 

1883. {Bkillicorne, W, N. 9 Queeir s-parade, Cheltenham. 

1910. SSkinner, J. G. 76 .Ivy Park-road, BhoMekL 

1898. {Skinner, Sidney, M.A, (Local Soo. 1904.) Souih-Wosfceni 
Polytechnic, Manresa-road, Chelsea, S.W. 

1905. ’*'Skytme,'0. G. 28 Norman-road, St. Leonards-on-Sea. 

1905* {Slater, Dr. H. B. 75 Bree-street, Johannesburg. 

1889. plater, Matthew B., F.L.S. Malton, Yorkshire. 

1887. {Small, Evan W., M.A , B.So., F.G.S. 48 Eedleston-road, Derby. 

1903. *Smallman, Raieigh|i5. Homeside, Devonshire-x»laco, Eastbourne. 

1904. {Smart, Edward. Benview, Oraigie, Perth, N.B. 

^ 1889; *Smart, Professor WiiiLXAM, LL.D. (Pres, F, 1904.) Nunholme, 
's Dowanhill, Glasgow. 

1902. §SmedleB Miss Ida. 36 RusselLsquare, W.C. 

IW. {Smith, Mss Adelaide* Huguenot College, Wellifigton, Cape Colony* 
, Ph.D., J.R.S.E. Qhioago, HHnois, U.S.A. 

" ^ SO Mernon-square, Dublin. 

'PHncipal.cn the^ Yeterinarj College, Toronto, 
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I'Jlcctinn. 

1901. Miss Aniiio Lorrain. 20 Talgarth -road, West Kensing- 

ton, W. 

1874t ^Sniith, Botijatniu l.^igh, F.R.G.S. Oxford and Cambridge Club] 
Pall Mall, SAV. 

1873. :|:Sinith, C. Sidney-Bnss<j,x College, Cambridge. 

1905. JSmith, C. H, Fletcher’s-ehambers, Cape Town. 

1910. §8mi.lh, Charles. 1 1 VVinter-siroot, iShellield. 

1889. '5'Sinitli, Professor C. Michie, C.l.E., B,Se., P.P.S.E., F.Pv.A.S. The 
• Observatory, Kodaikanal, Soutli India. 

1900. §Smith, E. J. Grange House, Westgate Hill, Bradford. 

1908. JSmith, IS. Shrapnell. 7 Eoscbory-a%’‘enuc, E.C. 

1880. *Sniith, Mrs. Emma. Hencotes House, Hexham. 

1901. §Smith, E. B. Care of A. Croxton Smith, Esq., Burlington House, 

Wandle-road, Upper Tooting, S.W, 

1SG6, *Smith, E. C. Bank, Nottingham. 

1897. .tSmiih, G, Elliot, M.D., F.E.S., Professor of Anatomy in the 
University pi' IMauoliostcr. 

1903, *SmUh, Professor II. B. Loos, M.A., M.P. I’he University, Bristol. 
19,10. §SmUh, H. Bompas, M.A. King Edward Vil. School, Lybham. 
1889, *Smitii, Sir H. Llewellyn, K.C.B., M.A., B.Sc., E.S.S. (Pros. E, 
1910.) Board of Trade, S.W. 

I860. *Smith, Heywood, M,A., M.D. 40 Portland-oourt, W. 

187G. *Smith, J. Guthrie. 5 ICirkloo-gardens, Kelvinside, Glasgow. 

1902. :|:Smith, J. Lorrain, M.D., E.R.S., Professor of Pathology in the 

Victoria University, Manchester. 

1903. *Smitli, James. Pinevvood, Crathes, Aberdeen. 

1910. §Smiiii, Samuel. Central Library, ShefTiekl. 

1804. ISmith, T. Walrond. Care of Frank Henderson, Esq., 19 Manor- 
road, Sidcup, Kent. 

1910. §Bmitli, W. G., B.Sc., I*h.D. College of Agrioultme, Edinburgh. 
1896. -’‘'Smith, Bev. W. Hodson* Newquay, Cornwall. 

1885. *Smith, Watson. 34 Upper Park-road, Havorstook Hill, N.W. 

1009. JSmith, William. 218 Sherbrooke-stroet, Winnipeg, Canada. 

1883. JSmithells, Arthur, B.Sc., E.B.S. (Pres. B, 1907 ; Local Sec. 1890), 

Professor of Chemistry in the University of Leeds. 

1906. §Smurthwaite, Thomas E. 134 Mortimer-road, Konsal Rise, N.W. 
1905. §Smuts, C. P.O. Box 1088, Johannesburg. 

1909. §Smylio, Hugh. 13 Bonegall-square North, Belfast. 

100^ §Smyly,l3ir William J. 58 Menrion-square, Dublin. 

1857. rnmm, Jora, M.A., E.G.S., E.R.M.S., MJnst.G.E.I. Milltown, 

' ^ Banbridge, Ireland. 

1908 §Smythe, J. A., Ph.D., D.Sc. 10 Queen’s-gardens, 'Boiiton, New- 
casthj-on-Tyne. 

1888. ’*‘SNArE, H. Lloyd, D.Sc., Ph.D. Balholm, Lathom-road, South- 
port. 

1905. JSoDDY, E,, M.A., E.R.S. The University, Glasgow. 

1905. tSollas, Miss I. B. J., B*So. Newnham College, Cambridge. 

1879. ’‘'SoLLAS, W. J., M.A., So.D., E.R.S., E.R.S.E.; E.G.S. (Pres. G, 
1900 ; Council, 1900-03), Professor of Geology in the Univer- 
sity of Oxford, 173 Woodstock-road, Oxford, 

1905 JSolomon, R. Stuart, Care of Messrs. B. M, Moss k Co., Cape Town. 
1 892. ’^'SoMERVAiL, Alexander. Tho Museum, Torquay. 

1900. ’‘'SoMERYiLLislf W., D.Sc., E.L.S., Sibthorpian Professor of Rural 
Economy in the Uniyorsity of Oxford. 121 Banbury-road, 
Oxford. 

1010. ’‘'Sommcrville, Duncan M. Y. 70 Avgylc-street, St. Andrews, N.B. 
1001. JSorley, Bobeft. Tho Eli's, Partickhill, Glasgow, 
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im’jSoulbjr, R. M. Sea Holm, Westbourne-road, Birkdale, Laiioa- 
•mn'i tSou^lf Heurv T. Tlio Gmig, Boss, Heretordsliii'e. • 

1905. ^p!o?Box 2, Maraisburg, Transvaal. 

iftiA* E G Tlio Rectory, Wiitcrstocli, O^oid,. u* » 

ml *S?rer: Hon^ B.A., F.L.S., P.G.S. 14 At^eempaa-k, High- 

1894 tSpiers, A. B.* Gresham’s School, Holt, Norfolk. 

IIS 

terrace, Edinbui-gh. „ 

ilS Bmob^d. 

Johaimeshxir^* _ , q 

im §sLsflold, Edgar. Mines Branch, Deparlmcut ot Mmes, Oltaaa, 
1900 *STANSjm^tH., B.So. 19 Cawdor-romi Eallowficld, Manchester. 

istrsSsK“ 

■ * Physiology in Uuivm’sity C^Ue^- ^“'^rp„rk'^Hnll 
1898. tStafcher, J. W., F.G.S. Brookside, Newland Park, Hull. 

Btaveley, T. K. Ripon, Yorkshire. ^ ^ 

1907. SStaynes, Frank. 36-38 Silver-stroet, I^iorater. 

iQift f»nrl E B 80 Bt, Mary’s-mansious, Paddington, W. 

Soa IS. J. fTs. (Pim B, 1910.) Uboratory and Assay Othf.o, 
Middlesbroiigli. , ^ . 

The Common, Tunbridge Wens. 

W^ P« !)*♦ E.O.S* 78a Eoxliam"'garu,onSt IV. 

- iwA titebbins. Miss Inez F., B.A. Huguenot College, Wellington, Capo 

1908. ISteel^Wence Edward, M.A.. M.B.I.A. 18 Ciwthwaito-park 

« East, Kingstown, Co. Dublin. 

im tStdnkopi, Max. 667 Main-street, Winnipeg, Canada. 

1606. IStcphen, J. M. Invernegie, Sea Point, Cape Colony. 

18^ 14hU, W. Hudson. Low-Ville. Lewis Cbunty, New York. 
D.S.A. 

: 19Q2. JStepbenBon,,G. Grianan, . 

1910, ’•SscEPHBtNSOH, H. K. Banmr Ctoss Hallj^^bh^eld. , 

: la®, A. Fort loanees, On^no, Oaa^. 



LIST OF MEMBERS: 1910. 77 

Year of • 

Election, 

1908 ‘^‘Steven, Alfred Iiigi'am, M.A,, B.Sc. 54 Albort-drivc, Pollokshields, 
Glasgow. * 

1006.* §Stevens, Miss C. 0. 11 Woodstock-road, Oxford. • 

1880. '•'Stevens, J, Edward, LL.B. Lo Mayals, Blackpill, B^S.O. 

1900. JStevens, Frederick, (lioeal Sec. 1900.) Town Clerk’s Office, 

Bradford. 

1905. §Stewart, A. F. 127 Isabella-street, Toronto, Canada. 

1905. istewart, Charles. Meteorological Commission, Cape Town. 

1909. jStewart, i)avid A., M.D. 407 Priichard-avenue, Winnipeg, Canada. 
1875. ^Stewart, James, B.A., F.R.C.P.Ed. Junior Constitutional Club, 
Piccadilly, W. 

1901. '•'Stewart, John Joseph, M.A., B.Sc. 2 Stow Park-crescent, New- 

port, Monmouthshire. 

1901. *Stewart, Thomas. St, George’s-ohamhers, Cape Town. 

1870. JSTXRLiNa, William, M.D., D.Sc., F.R.S.E., Professor of Physiology 
in the Victoria University, Manchester. 

1904. JStobbs, J. T. Dunelm, Basford Park, Stoke-on-Trent. 

1900, *Stobo, Mrs. Annie. Somerset House, Garelochhead, Dumbarton- 

shire, N.B. 

1901 . ’•'Stoho, Thomas. Somerset House, Garelochhead, Dumbartonshire, 

N.B, 

1805. *Stock, Joseph S, St. Mildred’s, Walmer. 

1889. *Stooker, W. N., M.A. Brasenose College, Oxford. 

1898. *Stokes, IProfessor George J., M.A. 5 Fernhurst- villas, College- 

road, Cork. 

1899. *Stone, Rev, F. J. Radley College, Abingdon. 

1874, JStone, J. Harris, M.A., F.L.S,, F.C.S. 3 Dr. Johnson’s-buildings, 
Temple, E.C. 

1905. tStoneman, Miss Bertha, D.So. Huguenot College, Wellington, Cape 

Colony. 

1895. *Stoney, Miss Edith A. 30 Chepstow-crcscent, W. 

1908. *Stoney, Miss Florence A., M.’D., 4 Nottingham-placc, W, 

1878. '^Stoney, G. Gerald. Oakley, Heaton-road, Newcastle-upon-Tyiip. 
1861. *STONEy, George Johnstohe, M.A., D.Sc., F.R.S., M.fe.I.A. 

(Pres, A, 1897.) 30 Chepstow-crescent, W. 

1883, JStopes, Mrs. 7 Denning-road, Hampstead, N.W. 

1903. *Stopes, Miss Marie, Ph.D., D.Sc. 14 Well-walk, Hampstead, N.W. 
1010. §Storoy, ^Gilbert. Lime Grove, Brooklands, near Manchester, 

1887. ’•'Storey, H. L. Bailrigg, Lancaster. 

1888. ’•'Stothert, Percy K. Woolley Grange, Bradford-on- Avon, Wilts. 
1^05. ’•'Stott, Clement H., F.G.S. P.O. Box 7, Pietermaritzburg, Natal 
1881. ^Steahak, Aubrey, M.A., F.R.S., F.G.S. (Pres. C, 1904.) Geo- 
logical Museum, Jermyn-stroot, S.W. 

1905. tStrangei, Harold F. P.O. Box 2527, Johannesburg. 

1908. ^Stratton, F. J. M., M.A. Gonville and Cains College, Cambridge. 

1900. ’•'Stromeyer, 0. E. 9 Mount-street, Albert-square, Manchester. 

1883. §Strong, Henry J., M.D. Colonnade House, The Steyno, Worthing, 
1898. ’•‘Strong, W. M., M.D. 3 Champion-park, Denmark Ilill, S.E. 

1887. ’•‘Stroud, H., M,A,, D.Sc., Professor of Physics in the Armstrong 

College, Newcastle-upon-Tyne. 

1887. ’•‘STiaouD, Wilmam; D.Sc., Professor of Physics in the Univeffeity 
of Leeds. Care of Messrs. Barr & Stroud, Anniesland, 
GlasgdV. 

1905. tStruhen, Mrs. A. P.O. Bqx 1228, Pretoria* 

1876. *Stuart, Charles Maddock, M,A. St. Dunstan^s College, Catford 
S.E. » > 

1872. ’•‘Stuart, Rev? Canon E(iward A., M.A. The Precincts, Canterbury. 
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1885, {Stump, Edward C. Malmesbury, Polofiolcl, Blacldcy, Mancbosion 
1909, §Stupart, ft, E, Meioorologioal Service, Toronto, Canada. 

1879. ^Styring, Bobert. Brinkolillo Tower, Shoflield, • 

1891. *Sudboipugh, Professor J. J., Ph.D., D.So. University CoUogq of 
Wales, Aberystwyth. 

1902. §Sully, IL T. Scottish Widows-buildings, Bristol 

1898. iSully, T. N. Avalon House, Queen^s-road, WeBton-supor-Maro. 
1905. {Summer, A. B, Ollersett Booyseux, 'l.'ransvaal. ^ 

1887. *Sumpner, W. E., D.So. Technical School, SuMk-stfcet, Bir- 
mingham. 

1908. §Sutherland, Alexander. School EoiiBe, Gersa, Wat, ion, Caithness. 

1903. {Swallow, Rev. R. D., M.A. Chigwell School, Essex, 

1905. {Swan, Miss Hilda. Overhiil, Warlingliam, Surrey. 

1881. §SwAH, Sir JosECH Wilson, M.A., D.Sc., E.B,.S. Overhiil 

Warlingliam, Surrey. 

1905. {Swan, Miss Mary E. Overhiil, Warlingliam, vSurrey. 

1897. {Swanston, William, E.G.S. Mount Oollyer Factory, Belfast. 

1908. {Swan 7 y, Sir Henry R., M.D. 23 Merrion-square, Dublin. 

1882. '^'Swaythliiig, Lord. 12 Kensington Palace-gardens, W. 

1887. gSwiNBUENE, James, F.R.S., M.Inst,C.E. 82 Victoria-street, S.W. 
1870, *Swinburne, Sir John, Bart. Capheaton Hall, Newcasfcle-upon- 
Tyne. 

1902. *Sykes, Miss Ella C. Elcombs, Lyndhurst, Hampshire. 

1887. *Sykes, George, H., M.A., M,lnst.O.E., F.S.A. Glencoe, 64 Elm^ 
bourne-road, Tooting Common, S.W. 

1896. *^ykes, Mark L., F.R.M.S. 10 Heading! ey-avenue, Leeds. 

1902. *Sykes, Major P. Molesworth, C.M.G. Elcombs, Lyndhurst, 

Hampshire. 

1906. {Sykes, T. P., M.A. 4 Gathorne-stroet, Groat Horton, Bradford. 
1905. {Symington, C., M.B. Railway Medical Office, Do Aar, Capo 

Colony. 

1903. §Symington, Howard W. Brooklands, Market Harborougli. 

1885. {Symington, Johnson, M.D., F.R.S., F.R.S.E. (Pres, H, 1903). 

Professor of Anatomy in Queen’s University, BelfaHt , 

1905. {Symmos, H. C. P.O. Box 3902, Johannesburg. 

1908. {Bynnott,. Nicholas J. FiirnesB, Naas, Co. Kildare?. 


1896, 

1010. 

1904. 

1903. 

1890, 

1892. 

1883. 

1908. 

1861. 

1902. 

imp. 

1908. 


{Tabor, J. M, Holmwoocl, Haringey Park* Crouch End, N. 

§Tait, John, M’.D., D.Sc. 2 Pa-vkside-terrace, Edinburgh. 

§Tallack, H* T. Olovolly, Bird hurst -road, South (.Croydon, ^ 
^Tanner, Miss Ellen G. Parkside, CorBliain. Wills. 

{Tannbb, H. W. Lloyd, D.Sc., F.R.B. (Local See. 1,891.) IhiiverRity 
College, Cardiff. 

’’'Tanaley, Arthur G., M.A., F.L.B. GrantclieBtor, near Cambridge. 
“^Tapacott, Ti, Lethbridge, F.R.A.S. 62 Croxtefli-road, Livcvrpool, 
{Tabletok, Francis A., LL.D. 24 Upper Leeson-stroet, Dublin. 
^‘'Tarratt, Henry W. 2o Oxford and Cambridge-mansionH, Jlydc- 
^ Park,W. 

{Tate, Miss. Eantalard, Wbitehouse, Belfast, 

XTaylor, Bemort. 22 Hayhurn-crescerdf PaHicht Qlmgtm, 

{Taylor, Rev, Campbell,. M.A. United Free Church Manse, 
Wigtown^ Scotland. ^ 
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1884. ’^'Taylor, H. M., M.A., F.R.S. Trinity College, Cambridge. 

1882. *Taylor, Herbert Owen, M.D. Oxford-street, Nottingham. 

1800. ^Taylor, John, M.Inst.C.E. 6 Queen Street-plaee, E.C. * 

1906. §Taylor, Miss M. R. Nowstoad, Blundellsands. , 

1884. *Taylor, Miss S, Oak House, Shaw, near Oldham. 

1S95. {Taylor, W. A., M.A., F.R.S.E. 3 East Mayfield, Edinburgh. 

1894. ’^'Taylor, W. W., M.A. 66 St. John’s-road, Oxford. 

1903. {Taylor, William. 61 Cambridge-road, Southport. 

1901. ^'feacher, John H,, M.B. 32 Kingsborough-gardens, Glasgow. 

1858. {Tbalb, Thomas Pbidgin, M.A., F.R.S. 38 Cookridge-streot, 

Leeds. 

1885. {Teall, J. J. H., M.A., F.R.S., F.G.S. (Pres. C, 1893 ; Council, 

1894-1900, 1909- ), Director of the Geological Survey of the 
United ICingdom. The Museum, Jermjm-street, S.W". 

1906. *Teape, Rev. W. M., M.A. South Hylton Vicarage, Sunderland. 
1910. §Tebb, W. Scott, M.A., M.D. 15 Finsbtiry-circus, E.C. 

1879. {Temple, Lieutenant G, T,, R.N., F.R.G.S. Solhoim, Cumberland 

Park, Acton, W. 

1896. ♦Terry, Rev. T. R., M,A., F.R.A.S. The Rectory, East Ilsley. 
Newbury, Berkshire. 

1892. ♦Tesla, Nikola. 45 West 27th-street, New York, U.S.A. 

1883. {Tetley, 0. F. The Brewery, Leeds. 

1883. {Tetley, Mrs, C. F. The Brewery, Leeds. 

1882. ♦Txianb, George Dancer, LL.D., Professor of Anatomy in Uni- 

versity College, London, W.C. 

1871. {Thxselton-Dyer, Sir W. T., K.C.M.G., C.I.E., M.A., B.So., 
Ph.D., LL.D., F.R.S., F.L.S. (Pres. D, 1888; Pres. K, 
1895 ; Council, 1885-89, 1895-1900.) The Ferns, Witoombe, 
Gloucester. 

1906. *Thoday, D. Trinity College, Cambridge. 

1906. ’•^Thoday, Mrs. M. G. 25 Halifax-road, Cambridge. 

1870. {Thom, Colonel Robert Wilson, J.P. Brooklands, Lord-street 
West, Southport. 

1891. *Tliomas, Miss Clara. Pencerrig, Builth. 

1903. ♦Thomas, Miss Ethel N., B.Sc. 3 Downe-mansions, Gondar- 

gardens, West Hampstead, N.W. 

1910. §Tliomas, H. Hamshaw. Botany Sidiool, Cambridge. 

1880, ♦Thomas, Joseph William, F.C.S. Overdale, Shortlands, Kent. 
IStJS). ♦Thomas, Mrs. J. W- Ovcrdale, Shortlands, Kent. 

1902, ♦Thomas, Miss M. Beatrice. Girton College, Cambridge. 

>883. {Thomas, Thomas H. 45 The Walk, CarditT. 

1904. ♦Thomas, William. Bryn-beulog, Thomas Town, Merthyr Tydfil. 

1801. ♦Thompson, Beeby, F.C.S,., F.G.S. 07 Vi ctoria-rpad, Northampton. 
1888. ♦Thompson, Claude M., M.A., D.Sc,, Professor of Chemistry in 

University College, CardijBP. 38 Park-place, CardiE. 

1885, {Thompson, D’Arcy W., C.B., B.A., Professor of Zoology in Univer- 
sity College, Dundee. 

1896. ♦Thompson, Edward P. Paulsraoss, Whitchurch, Salop. 

«r 1907. ♦Thompson, Edwin. 1 Croxteth-grove, Liverpool. 

1883. ♦Thompson, Francis. Eversley, Haling Parkiroad, Croydon. 

1904. ♦Thon^son, G. B., B.So., Professor of Mining in the University of 

1893. ♦Thompson,^ Harry J., M.Inst.C.E., Madras. Care of National 

Bank of india, 17 Bishopsgate-street Within, E.C. 

1883. ♦Thompson, Henry G., M.D. 86 Lower Addiscombe-road, Croydon. 

1905. {Thompson, James. P^O. Box 312, Johannesburg. 

1909. §Thompson, Siiss Mabel. Ashbourne Cottage, Blanford-road, Reigate, 
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iShCh ^Thompson, Rioliard. Dringcote, The Mount, York. 

1876. tTnoMPSonrV Sinvoirs pHinups, B.A., D.Sc., F.BuS., F.R.A.S. 

(P.res. G, 1907 ; Council, 1897-99, 1910- ), Primdpal and 
Prerfessor of Physics in the City and Gnikls of London Tc(‘ii- 
nical CoUege, Leonard-street, Finsbury, E.O. 

1883, ^Thompson, T. H. 01d.6eld Lodge, Gray-road, Bowdon, Cheshire. 
1896. ^Thompson, W. H., M.D., B.Sc. (Local Sec. 1908), King’s Professor 
of Institutes of Medicine (Physiology) in Trinity College, 
Dublin. 14 Hatch-street, Dublin. • ^ 

1905. William, ParhsUe, Donmster-road, Uotharhim. 

1894. ^Thomson, ARTiitJB, M.A., M.D., Professor of Human Anatomy in 
the University of Oxford. Exeter College, Oxford. 

1909. ‘^Thomson, E. 22 Monument-avenue, Swampsoott, Mass., U.S.A. 

1 906. §Thomson, F. Boss, F.G.S. Hensill, Hawkhurst, Kent. 

1890. *Thomson, Professor J. Arthxjb, M.A., F.B.S.E. Castleton House. 
Old Aberdeen. 

1883. {Thomson, Sir J. J., M.A., Sc.D„ D.Sc., F.B.S. (Pbesibbot, 1909 ; 

Pres, A, 1896 ; Council, 1893-95), Professor of Experimental 
Physios in the University of Cambridge. Trinity College, 
Cambridge. ' 

1901. {Thomson, Dr. J. T. Kilpatrick. 148 Norfolk-street, Glasgow. 

1889. ’'^Thomson, James, M,A. 22 Wentworth-place, Newcastle-upon- 

T3me. 

1902, {Thomson, James Stuart. 29 Ladysmith-road, Edinburgh. 

1S9L {Thomson, John. Westover, Mount Ephraim-road, Streatham, 
S.W, 

187L *Thomsok, John Millab, LL.D., F.B.S. (Council, 1895-1901), 
Professor of Chemistry in King’s College, London. 9 Camp- 
den Hill-gardons, W. 

1874. §Thomson, Wiixiam, F.B.B.E., F.C.S, Royal Institution, Man- 
chester, 

1880. §Tliomson, William J. Ghyllbank, St. Helens. 

1900. {Thomely, Miss A. M. M. Oaklands, Langham-road, Bowdon. 
Cheshire. 

1905 *Thomely, Miss L. E. Nunclose, Grassendale, Liverpool 
1898. ’‘'TxrOBNTON, W. M., D.Sc., Professor of Electrical Engineering in 
the Armstrong Collogo, Newcastle-on-1?yno. 

1902. {Thornyoroft, Sir John I., F.B.S., M.Tnst.C.E. Eyot Villa, Chis-* 

wick Mall, W. ^ 

1903. {Thorp, Edward, 87 Southbank-road, Southport. 

1881. {Thorp, Fieldon. Blossom-stroot, York. 

1881. ’**Tha"'p, Josiah. 37 PJoasant-stroot, Now Brighton, Cheshire. 

1898. §Thorp, Thomas. Moss Batik, Whitoliold, Manchester, 

1898. {Thobpe, Joo:iof-YN Fiwx^d, Ph.D„ F.liS. Vii^toria Univen’sity, 

Manchester. 

1871, {Thobpe, Sir T. E., C.B., Pb.D„ LL.D., F.K.S., F.B.B.E., V.P.C.B, 
(Proa. B, 1800 J Council, 1886-92.) 61 Ladbrokc-giwo, W. 

1899. gTiiEBWAnn, Bxohabo, M.A., F.B.S. Oakhurst, Cluircdi-road, 

'Edgbaston, Birmingham. 

1896, SThbipt, WiXipiAH Ehwabi), M.A. (Local Sec. 1908), Professor of 
• Natural and Experimental Philosophy in the University of 
Dublin. 80 Grosvonor-square, Bathminos, Dtiblin. 

1904. §Thurston, Edgar, C.I,E. Government Musounr, Madras, 

1907. {Thwaites, B. E. 28 West-street, Leicostor.,. 

1889. IThys, Colonel Albert. 9 Bue Bridetodo, Brussels. 

1873. ^Tiumman, E. H., M.A., F.G.S, 298 Woodstock-road, Oxford. 

1905. {TIetas, Heinrioh* B.A., Ph.B. Soutfi African COllpge, Cape Town, 
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1874. tTxLDEisr, Sir William A., D.Sc., F.R.S., F.C.S. (Pres. B, 1888 ; 

Council, 1898-1904), Professor of Chemistrr in the Imperial 
College of Science, London. The Oaks, Northwood, Middlesex. 

1899. .“fTims, H. W. Marott, M.A,, M.B., F.L.S. 8 Brookside, Cam- 

bridge. 

1902. {Tipper, Charles J. R., B.So. 21 Greenside, Kendal. 

1905. JTippeti), A, M., M.Inst.C.E. Cape Government Railways, Cape 
Town, 

1900. §'l^cher^J. F., B.Sc., F.I.C. 5 Chapel-street, Peterhead, N.B. 

1907. §Todd, Professor J. L. MacDonald College, Quebec, Canada. 

1889. §Toll, John M. 49 Newsham-drive, Liverpool. 

1905. {Tonkin, Samuel. Rosebank, near Cape Town. 

1875. {Torr, Charles Hawley. 35 Burlington-road, Sherwood, Not- 

tingham. 

1909. {Tory, H. M. Edmonton, Alberta, Canada. 

1901. {Townsend, J. S., M.A., F.R.S., Professor of Physics in the 

University of Oxford. New College, Oxford. 

1876. *Trail, j. W. H., M.A., M.D., F.R.S., F.L.S. (Pres. K, 1910), 

Regius Profewsspr of Botany in the University of Aberdeen. 

1883. {Traill, A., M.D., LL.D., Provost of Trinity College, Dublin, 

Ballylough, Bushmills, Ireland. 

1870. {Traill, William A. Giant’s Causeway Electric Tramway, 

Portrush, Ireland. 

1868. {Traquaib, Ramsay H., M.D., LL.D., F.R.S., F.G.S. (Pres. D, 
1900.) The Bush, Colinton, Midlothian. 

1902. {Travers, Ernest J. Dunmurry, Co. Antrim. 

1884. {Treohmann, Charles 0., Ph.D., F.G.S. Hartlepool. 

1908. gTreen, Hanry M. Wickon, Soham, Cambridge. 

1908. {Ttemain, Miss Caroline P., B.A. Alexandra College, Dublin. 

1910. §Tremearne, A. J. N. Tudor House, BlacMieath Park, S.E. 

1887. *Trenoh-Gascoigne, Mrs. F. R. Lotherton Hall, Parlington, Aber- 
ford, Leeds. 

1903. {Tronchard, Hugh. The Firs, Clay Hill, Enfield. 

1908. {Tresilian, R. S. Ciimnor, Eglin^on-road, Dublin. 

1905. XTrevoR’'Battyf^ A., M,A,^ F.E.G,S, CUlbolion, Stock* 

bridge, B*S»0, 

1871. {Trimen, Roland, M.A., F.R.S., F.L.S., F.Z.S. Southbury,Lawn- 

road, Guildford. 

19D2. {Tristilim, Rev. J. F., M. A., B.Sc. 20 Chandos-road, Chorlton- 
oum* Hardy, Manchester, 

4884, *Trotter, Alexander Pelham. 8 Richmond- terrace, Whitehall, 
S,W. 

1887. *TRotrTON, Frederick T., M.A., Sc.D., F.R.B., Professor of Physics 
in University College, W.C. 

1898. *Trow, Albert Howard, D.Sc,, F.L.S., Professor of Botany in Uni- 
versity College, Cardiff. 50 Clive-road, Penarth, 

1885. *Tubby, H., F.R.C.S. 68 Harley-street, W. 

1847. *Tuckett, Francis Fox. Frenchay, Bristol. 

1905. §Turmeau, Charles. Claremont, Victoria Park, Wavertree, Liyer- 
pool. ^ 

1901. §TurnbuIl, Robert, B.So. Department of Agriculture and Technical 
Instruction, Dublin. 

1893. {Turner, Bawson, M.D., F.R.S.E. 37 George-square, Edinburgh. 
1894 ^Turner, H., M.A.. D.Sc., F.R.S., F.R.A.S., Professor of 
Astronomy in the University of Oxford. The Observatory- 
Oxford. 

1905. {Turner, R^. Thomasf St. Saviour’s Vicarage, 50 Fitzroy-street, W. 
.1910, E 
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1886 .,’*‘TtrKKER, Thomas, M.So*, A.E»S.M., F.I.O., Protesor of Metallurgy 
in the University of Birmingham. SpririgfioUlH, Upland-road, 
* Selly Hill, Birmingham. % 

1863, n^uRNEB, Sir William, K.aB., LL.B., D.C.L., FMKK 

(PfenstDENT, 1900 5 Pres. H, 1889, 1897), Principal of the 
University of Edinburgh. 6 Eton-terraco, JMinburgh. 

1910. §Tumer, W. E. S, The University, ShefBckL 
1890. ’^‘Turpin, G. 8., M.A., D.So, High School, Nottingham. 

1907. §Titxton, a. E. H., M.A„ D.Sc., E.B.S. (OoiukuI, If<)8- .) 

41 Ladbroke-sqiiare, W. 

1880, ^Tvigg, G. H. 6 & 7 Lndgate-hill, Birmingham. 

1899. JTwisden, John K., M.A. 14 Gray’s Xnn-square, W.G. 

1907. §Twyman, F. 75a Oamdeii-road/N.W. 

1865. JTyloe, Edward Burnett, D.C.L., LL.X)., E.Ii.S. (Pres. H, 1884 ; 

Council, 1896-1 902 ) Museum House, Oxford. 

1883, JTyrer, Thomas, F.C.S, Stirling Chemical Works, Abbej’^-lane, 
Stratford, E. 


1884. *Underhil1, G. E., M.A. Magdalen College, Oxford. 

1903. JUnderwood, Captain J. C 60 Soarisbrick New-road, Southport. 

1908. lUnwin, Ernest Ewart, M.So, Bootham School, York. 

1885. §Unwin, Howard. 1 Kewton-grove, Bedford Park, Chiswick, W. 

1883. iUnwin, John. Eastcliffe Lodge, Southport^ ,, . 

,1876. ’»‘UNwm. W. C., E.E.S,, M.lnst.aE. (Pres. G, 1893j Cbtmoih 
1892-^99.) 7 Palace Gate-mansions, Kensington, W. 

1909. JUrquhart, C. 239 Smith-street, Winnipeg, Canada. 

1902. §Ussher, E. J. Cappagh House, Cappagh, Co, Waterford. 

1880. iUssHEB, W. A. E., F.G.S. 28 Jermyn-street, S.W. 

1905. jUttley, E. A., Electrical Inspector to the B»hodesian Government, 
Bulawayo. 


1887. ’•‘Valentine, Miss Anne. The Elms, Hale, near Altrincham. 

1908. JValera, Edward de. University College, Blackrock, Dublin. 

1906. JVan dor Byl, J. A, P.O., Irene, Transvaal. 

1865. ’•‘Vabley, S, Alered. Arrow Works, Jaokson-road, Holloway, N. 

1907. §Varley, W. Mansergh, M.A., D.Sc., Pli.D. Morningside, iSalon- 

crcacent, Swansea. ^ ^ 

1903. JVarwell, H. B. 2' Ponnsylvania-park, Exeter. 

1909. *VasBalI, H., M.A. The Priory, Eopion, Burton-on-Trent, # 
1907. §Vaiighan, Artluir, B.A., D.Sc., F.G.S. 9 Pembroke- vale, Clifton, 

Bristol 


1895. JVaughan, D. T. Gwynne, F,L.S. Queen’s College, Belfast. 

1905. IVaugban, E. L. Eton College, Windsor. 

ISSI. JVelet, V. H., M.A., D.Sc., F.E.S. 8 Marlborough-plaoe, Si 
John’s Wood, N.W. 


<*Vemey, Lady. Claydon House, Winslow, Bucks. 

*Verno(n, H. M., M.A., M.D. 22 Norham-road, Oxford. 

♦Vernon, Thomas T. Shotwick Park, Chester. 

. *Verhon, William. Shotwick Park, Chester. 

♦Villamil, Lieut.-Oolonel E. de, E.E. Carlisle Lodge, Biokmans- 
i '/worth.. 

fymomTf H.,M.A„ D.Sc. L.0.Q- Paddingtpn Technioal Institute, 

(Local Sec. 1909), Professor of 
of*Mapitoba,<Winnipeg, Canada. 
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Year of • 

1883. ■‘'’Viirm Sydney- Howabd, M.A., B.Sc., F.E.S., F.L.S.||(Prci8. K 
1900 ; Conncil, 1894-97), Professor of Botan^ in the University 
• of Oxford. Headington Hill, Oxford. • 

1902. JVinycomb, T. B, Sinn'Fein, Shooters Hill, S.E, 

1904. IVolterra, Professor Vito. Regia Universita, Romo.* 


1904. §Wace, A. J. B. Pembroke College, Cambridge. 

1902. JWaddeB, Rev. C. H, The Vicarage, Saintfield. 

1909, JWadge, Herbert W., M.I). 754 Logan-avennc, Winnipeg, Canada. 
1888, $ Wad worth, H. A, Breinton Court, near Hereford. 

1890. §Wager, Harold W. T., F.R.S., P.L.S. (Pres. K, 1905.) Hendre, 
Horsfortbdanc, Fat Headingley, Leeds. 

1900. JWagstaff, C. J, L., B.A. Grafton House, Oundle. 

1902. JWainwright, Joel. Finchwood, Marple Bridge, Stockport, 

1906. J Wakefield, Charles. Heslington House, YorS. 

1905. § Wakefield, Captain 'E. W. Stricklandgate House, Kendal, 

1894. JWalpobd, Edwin A., F.G.S. 21 West Bar, Banbury. 

1882. ’‘‘Walkden, Samuel, F.R.Met,p. The Cottage, Whitchurch, Ta?i~ 

stock, 

1893. i'Walker, Alfred 0., F.L.S. Ulcombe-place, Maidstone, Kent. 

1890. J Walker, A. Tannett. The Elra.s, Weetwood, Leeds, 

190L *Walker, Archibald, M.A., F.I.C. Newark Castle, Ayr, N.B. 

1897. *W,ALKEB, Sir B, E., C.V.O., D.C.L., F.G.S, (Local Sec. 1897 ) 
Canadian Bank of Commerce, Toronto, Canada. 

1904. §Walker, E. R. Nightingales, Adlington* Lancashire. 

1891. iWalker, Frederick W. Tannett. Carr Manor, Moanwood, Tweeds. 

1905. IWalker, G. M. Lloyd^s-buildings, Burg-street, Capo Town. 

1894. ^Walker, G. T., M.A., B,So., F.R.A.a Red Roof, 

Simla, India. 

1897. {Walker, George Blake, MJnst.C.E. Tankersley Grange, near 
Barnsley. 

1906. {Walker, J. F. E. Gelson, B.A. 45 Bootbam, York. 

1894. ’“Walker, James, M.A. 30 Norham-gardens, Oxford. 

1910, ^Walker, James, B.Sc., F.R.S., Professor of Chemistry in the 

University of Edinburgh. 5 Wester Coatos-road, Edinburgh, 

1906. §Walker, Dr. Jamieson. 37 Cliarnwood-strcet, Derby. 

19Qj[). §Walkei, Lewie D. 467 Oumberland-avonue, Winnipeg, Canada. 

1907. {Walker, Philip F., F.R.G.S. 36 Princess-gardens, S.W. 

1908. ’“Walker, Robert. Westray, Combo Down, Bath. 
ftsS. {Walker, Sydney F. 1 Bloomfield-crcscent, Bath. 

1896, §Waiker, Colonel William Hall, M.P. Gateacre, Liverpool. 

1910. §Wall, a. P., F.G.S. 32 0olIogia<.o-crcscent,Shefriekl 

1883, {Wall, Henry, 14 Park-road, Southport. 

1863. {Wallace, Alered Russel, O.M., D.C/L., F.R.S., F.L.S., F.R.C4.S, 
(Pres. D, 1876 ; Council, 1870-72.) Broadstone, Wimborno, 
Dorset. 

1905, {Wallace, B, W. 2 Harcourt-buiklings, Temple, E.C, 

1901. {Wallace, William, M,A„ M.D. 25 Nowton-plaoe, Glasgow, 

1887. *Walleb, AuatrsTxrs D., M.B., F.R.S. (I¥es. T, 1907.) 32 Grove 
End-road, N.W. • 

1905. §Waller, Mr^ 32 Grove End-road, N.W. 

1889, *Wallis, Arnold J,, M.A,, 5 Bolvoir-terrace, Cambridga 

1895. {Waixts, E, White, F,S.S^► " Royal Sanitary Institute and Parkes 

Museum, 90 Buckingham Palace-road, S.W. 

1894. ^WaotisleYa A. i\, MJlnst.C.E. 9 Victoria-street, Westminster, 
S.W. 


E 2 
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BKITIBTI A8B0CIATT0N* 


Tfiar of ^ 

13lcjct.ion. 4 ^ 

180L §Wfblm8ley. B, P.So, Noriliampton Institute^ CJcrkonwell, 
IH.G. 

160S» IWalHli, John M* Bloona Fark-avoniso, Sidney* parade, Dtiblir)? 
IB95, JWalsiwham, The Bight lion. Tjord, LL.t)., F.B.8* Merton Hall, 
Thetford, 

1902* **‘Welter, Mibb L, Edna, 38 Woodberry-grove, Finebtiry Park, N, 

1904. *Waltors, William, iun* Etheldroda Honso, BJaening, Newmarket. 
1887. $Wabd, a. W., M.A., Liivt,!)., Master of Potorhouse, Camjiifidgo. 
1881. IWard, George, E.C.S. Bnokingham4orrace, HeadJbgley,T[A)odH, 

1874. |Ward, John, J.P., E.S.A. Boesfiield, Farningham, Kent. 

1905. fWarlow, Dr. G. P. 15 Hamilton-sqiiare, Birkenhead. 

1884. *Warner, James D. 199 Baltio^street, Brooklyn, tJ.B.A. 

1887. tWARBBK, Lieut.-General Sir Charges, B.E., JEC.C.B., G.O.M.O., 
F.B.S., F.R.G.S. (Pres. E, 1887.) Athenoenm Club, S.W. 

1875. “'WA'rBBHOtrsE, Major-General J, Hnretmead, Bltham, Kent. 

1905. fWatermeyer, F. S,, Government Land Surveyor. P.O. Box 973, 

Pretoria, South Africa. 

1904. JWaters, A. H., B.A, 48 Devonshire-road, Cambridge, 

1900. XWaUfslonf Davids IT.D., FMM.E, 23 CoUnton-roady Edinburgh 
1875, IWatberston, Eev* Alexander Law, M,A., F.B.A.S. 2 Countess- 

road, Nuneaton. 

1909, §WatkinBOtt, Professor W. H. The University, Liverpool 

1884, JWatson, A. G., D,C.L. Uplands, Wadhurst, Sussex. 

1901, ♦Watsok, Armlo Thomas, FX.S. Southwold, Tapto Crescent- 
‘ rOad, ShelGield. 

1880, *Watson, C. J. Alton Cottage, Botteville-road, Aoook^s Green, 
Birmingham. 

1909. §Watson, Colonel Sir 0. M., K.O.M.G., O.B., B.E., M,A. 1 6 Wilton- 
orescent, S.W. 

1900. §Watsou, D. M. S. Windlehurst, Anson-road, Victoria Park, 
Manchester. 

1909. JWatson, Ernest Ansley, B.Sc. Alton Cottage, Bottoville-road, 
Acock’s Green, Bhmingham. 

1892. JWatson, G., M.Inst.C.E, Moorlands, Worcester. 

1885. JWatson, Deputy Surgeon-General G.A. Hondro, Overton Park, 

Cheltenham. 

1906. ^Watson, Henry Angus. 3 Museum-street, York. 

1889, JWatson, John, FJ.O. P.O. Box 1020, Johamwburg, Sp^nth 
Africa. 


1905. JWatson, Dr. B. W. Ladysmith, Cape Colony, 

1894. ♦Wa'tsoh, Professor W., D.So., F.B.S. 7 Upper Choyne-row, 
S,W. 

1879. *Watsok, WxniJtAM Hekry, F.C.S., F.G.S. Braystoncs House, 
Beokermet, Cumberland. 

1901. §Watt, Henry Anderson."^ |S Ardenslato House, Hunter’s Quay, 
Argyllsmre. » • 

1910, ’^'Watts, Miss Beatrix, M.A, * Girton College, Cambridge. 

1875, ’•'Waots, Johh, B, A.i D.So. Merton College, Oxford. 

1884. ’*‘WattB, Rev, Canon Robert R. The Red House, Bemerton, Salis- 


bury^ ! 

1873. *WAm, W* Marshall, D*So. Shirley, Venner-road, Sydenham, 

S E ' ' ' 

188?. ’w. W., M.A., M.So., F.B.S., F.G.S. (Pres. 0, 1903 ; 

, “ ^ ^ 1902-09), ProfeBWor. of Geology in the Imperial 

College o! Science and Technology, London, S.W. 

E.Iast.p.E., F.G.8.^Kenmoro,^fJVilmalow, Cheshire. 
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Year ol: • 

♦Election. 

1&06. tWay, W. A., M.A. The College, Graaf Reinet, South Africa* 

1905. tWebb, Miss Dora, Gezina School, Pretoria. ♦ 

19(i7. *|Webb, Wilfred Mark. Odstock, Hanwell, W. • 

1891. JWebber, Thomas. 12 Southey-terrace, Wordsworth-avenue, Roath, 
Cardiff. 

1910. §Webstor, Professor Arthur G, Worcester, Massachusetts, U.S.A. 
1909* IWebster, William, M,D. 1252 Portage-avenue, Winnipeg, Canada, 

1908. IWedderWn, Ernest Maclagan, F.R.S.E. G Succoth-gardens, 

♦ Edinburgh. 

1903. tWeekes, R. W., A,M.Inst.C,E. 65 Hayes-road, Bromley, Kent. 
1890. ♦Weiss, E. Ernest, D.So., P.L.S., Professor of Botany in the 
Victoria University, Manchester. 

1905. JWelby, Miss E. A. Hamilton House, Hall-road, N.W. 

1902, JWelch, R. J. 49 Lonsdale-street, Belfast. 

1894. fWeld, Miss. 119 Ififley-road, Oxford. 

1880, *Weldon, Mrs. Merton Lea, Oxford. 

1908. tWelland, Rev. C. N. Wood Park, Kingstown, Co. Dublin. 

1881. IWellcome, Henry S. Snow Hill-buildings, E.O. 

1908. JWellisch, E. M. 17 Park-street, Cambridge. 

1881. iWeUs, Rev, Edward, M,A. West Dean Rectory, Salisbury. 

1881. ♦Wenlook, The Right Hon. Lord, G.O.S.I., G.C.LE., K.C.B., LL.D, 

Escrick Park, Yorkshire. 

Wentworth, Frederick W. T. Vernon. Wentworth Castle, near 
Barnsley, Yorkshire. 

1864. *Were, Anthony Berwick. Roslyn, Walland’s Park, Lewes. 

1886. *Wertheimer, Julius, B.A., B.So., E.C.S., Principal of and Professor 
- of Chemistry in the Merchant Venturers^ Technical College, 

Bristol. 

1910. §West, G. S., M.A., D.Sc,, Professor of Botany in the University of 
Birmingham. 

1900. §West, WimcAM, E.L.S. 26 Woodville-terrace, Horton-lane, 
Bradford. 

1903. §Westaway, E. W. 1 Pemberley-crescent, Bedford. 

1882. *Westlake, Ernest, E.G.S. Eordingbridge, Salisbury. 

1900. JWethey, B. R., M.A., E.R,G.S. 4 Cunliffe-villas, Manningham, 
Bradford. 

1909. §Wheeler, A. 0*, E.R.G.S. The Alpine Club of Canada, Sidney, 

B.O., Canada. 

1S78. ♦Wheller, W* H., M.Inst.C.E. 4 Hope-park, Bromley, Kent. 

1888. §Whelen, John Leman. 23 Eairhazel-gardens, N.W, 

^>1893. ♦Whetham, W. 0. D., M,A., E.R.S. Upwater Lodge, Cambridge. 
1888. ♦Whidborne, Miss Alice Maria. Charant^, Torquay. 

1898* ♦Whipple, Robert S. Scientific Instrument Company, Cambridge. 

1883. *Whitaker, T, Walton House, Burley-in-Wharfedale. 

1859. *Whixaker, William, B.A., E.B.S., E.G.S. (Pres. C, 1895 ; Council, 
1890-96.) 3 Oampden-road, Croydon. 

1884. tWhitoher, Arthur Henry. Dominion Lands OiBfice, Winnipeg, 

Canada. 

1886. JWhitcombe, E. B. Borough Asylum, Winson Green, Birmingham. 
1897. fWhitcombe, George. The Wotton Elms, Wotton, Gloucester. ^ 
1886. {White, A. Silva. Lee-on-Solent, Hants, • 

1908, {White, Mrs. A. Silva. Lee-on-Soient, Hants. 

1904, {White, H? Lawrence, B.A, 33 Rossington-road, Sheffield. 

1885. *White, J, M^ptin. Balyuddery, Dundee. 

1905. {White, Miss J, R. Huguenot College, Wellington, Cape Colony. 

1910. *White, Mrs. Jessie, D.So., B,A 4 Blthorne-mansions, Upper 

Holiday, N, • 



imiTISn ASBOOIA.TION. 


Year of ^ ^ 

Its- E“rS(£sr«”«iisr6„: 

B- is&us 
!™.KrsS‘sr4, uvxfi • " 

IIS SSSaS^"i,Y■.A\”04iSrit^« 

Dublin. The Observatory, Dunsink, Co. Dublin. 

1001 tWhitton, James. Oity-ohambors.OlM^w. lo n....iivill» 

18 OT.' *Whioty. Bov. JOHM lawiUB, M.A., D.C.L.. LL.D. 13 Crauville 

Marina, Bamsgato. 

!£ IS&5. 0 . &'LS’SSS^'Xi»^ U„«. Soa«. 

1 1889. *Wii.B^SoB, L. E., M.A., Professor of Physics in the University 
1887. *WiJ'B,HSfi).8c..D.C.L.,P.B.S. The Hurst, Alderley Edge, 

100'! tWife'^T. B. Kingsfold, Mill-street, CstoToto. . - 

TAlA ^WilkijDB Oi i*. Oare of Messrs. King & Oo., Pall Mall, 

Im. IwS B. P. Thatched House aub, St. J^es s-sU-eet, fe.W. 
innri sWillriTiqon Hon Mrs. Dringliouses Manor, York. 

B IwES: ? R Hoto-tol DadW Hill. Bnrffori. 

1903. JWiUett, John E. 3 Park^oad, Southport. 

1004 * Williams, Miss Antonia. 6 Sioane-garaens, S.^y^ i j . i 

l|6t>Wimars:0hMles Theodore, M.V O.,M.A.,M.D. 2 Upper Brook- 

street, Grosvonor-square, W. . , r\ n ri q a 

190^1 Whliama, Gardner F. 2201 B-streot, Washington, D.C., U.b.A. 
1883* Iwilliams, Bev. H. Alban, M.A. Sheering Lbbox. 

iRfil iwiffi^^Dns Harry Samuel, M.A., P.B.A.S. 0 HeaUifaold, Swansea. 
1875*. ^Williams*, Bev. Herbert Addams. lianglbby Bectory, near Kew- 

1891. §WimS5f“B.fM.Sst.0.B. The Hurst, Braifisome ParS, 

lasiR *WiUiftms Mrs. J. Davies. 6 Chopstow-mansions, Bayswatei, W. 
1888. *wlS: £ kXrine T. lLkM House, Bombroke-vale, 
CMfton, Bristol. 

1901. *Wi]Mams, Miss Mary. 6 Sloano-ga^em, S.W. 

, 1891. tWilliams, Morgan. 6 Park-place, Cujcdifl. 

1883 tWiUiams, T. H. 27 Water-street, Liverpool. 

1877 ’ W. Oablbtom. P.O.S. Broomgrove, Gormg-on-lhames, 

1906’. tWaiiams,W.E.Lobb. 32 

1857. JWiUiiAHSoisr, Bsiujamin, M.A., D. 0.U, I .B,{5. xiimty u u g , 

^ " 1894 .J'‘Willi8^^"MrB. Janora. 18 Bosobory-gardons, Crouch End, N. 
19ia iWMamson: K. B., Central Provinces, India. ^Oare ot Messrs. 

Grindlay &Co., SiParhament-streot, S.W. 

*1 895. tWmiNK.W. (Local See. 1896.) J4 Castle-s^^t, Liverpool. ■ 
la^ IwilhS, Jdha 0., M.A., E.L.S., Director of the Eoyal Botanical 
; ^ ? .. .ijOaidsis, Peradmiiy^ Cey^ . , 

(Les see. 1897.) ' Toronto, Canada, 
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Year of * • 

%Lllectiou. - 

1859, *Wills, The Hon. Sii’ Alfred. Saxholm, Basset, Southampton. 

1899. fWillson, George. Leiiderac, Sedlescombe-road S<»ith, St. Leonards- 
# on-Sea. « 

1899. §Willson, Mrs. George. Lenderac, Sedlescombe-road South, St. 

Leonards-on-Sea. 

1908, §Wilson, Miss. Grove House, Paddock, Huddersfield. 

1901, :: Wilson, A. Bel voir Park, Newtownbreda, Co. Down, 

1886* %WiUon^ Alexander B, Eolywood, Belfast 

1878. {Wilson^ Professor Alexander S., M,A., B.So. United Pree Church 

Manse, North Queensferry. 

1905. §Wilson, A, W. P.O. Box 24, Langlaagte, South Africa. 

1907. IWilson, A. W. Low Slack, Queen’s-road, Kendal. 

1903. JWilson, 0. T. B,, M.A., F.R.S. Sidney Sussex College, Cambridge. 

1894. *Wilson, Charles J,, F.I.C., F.O.S, 14 Old Queen-street, West- 

minster, S.W. 

1904. §Wilson, Charles John, P.B.G.S. Deanfield, Hawick, Scotland. 

1904. gWilson, David, M.D. Grove House, Paddock, Huddersfield. 

1900. *Wilson, Duncan R. 109a Whitehall-court, S.W. 

1903. JlA^ilson, George. The University, Leeds. 

1895. JWilson, Dr. Gregg. Queen’s College, Belfast. 

1901. JWilson, Harold A., M.A., D.Sc., P.R.S., Professor of Physios in 

McGill University, Montreal, Canada. 

1902. *Wilson, Harry, P.I.C. 32 Westwood-road, Southampton. 

1879. JWilson, Henry J., M.R, Osgathorpo Hills, Sheffield. 

1910. § Wilson, J. 8. 5 iiegency House, Regent-place, Westminster, S.W. 

1908. I Wilson, Professor James, M.A., B.Sc. Cluny, Orwell Park, Dublin, 
1865. IWiLSoasr, Ven. Archdeacon James M., M.A., F.G.S. The Vicarage, 

Robh(lale. 

1879. JWilson, John Wycllfe. Eastihill, East Bank-road, Sheffield. 

190L * Wilson, Joseph. Hillside, Avon-road, Walthamstow, N.E. 

1908., ’‘‘Wilson, Malcolm, B.Sc. Royal College of Science, S.W. 

1909. § Wilson, R. A. Hinton, Londonderry. 

1903. IWilson, Dr. R. Arderne. Saasveld House, Kloof -street, Cape Town. 
1847, *Wiison, Rev. Sumner. Preston Canclover Vicarage, Basingstoke. 
1883, J Wilson, T. Rivers Lodge, Harpenden, Hertfordshire. 

1892. JWilson, T. Stacey, M.D. 27 Wheeley’s-road, Edgbaston, Bir- 
mingham. 

1887. gWilson, W., jun. Battlehillock, Kildrummy, Mossat, Aberdeen- 
^ fhiro. 

1909. {Wilson, W. Murray. 29 South Drive, Harrogate. 

♦1910, I Wilton, T. R., M.A., Assoc. M,Xust,0.E. 18 Westminster-chambers, 
OroBshall-street, LivorpooL 

1907* §Wimpei'is, H, E,, M.A. 28 Rossetti Garden-mansions, S.W. 

1910, gWindor, B. W, Ceylon House, Sheffield. 

1886, Bebteam C. A., M.A., M.D., D.Sc., F.R.S., President of 

Queen’s College, Cork. 

1863. *WiKWOOi), Rev. H, H., M. A., E.G.S* (Local Sec. 1864.) 11 Caven- 
dish-orescent, Bath, 

1905. §Wiseman, J, G., E.R.C.S., E.R.G.S. Stranraer, St. Peter’s-road, 

St. Margaret’s-on-Thames. * 

1875. IWolfe-Babby, Sir John, K.C.B., F.R.S., MJnst.C.E. (Ps^s. G, 
1898 ; Council, 1899-'1903, 1909-10.) Dartmouth House, 

2 QnSen Anne’s-gate, Westihinster, S.W. 

1905, {Wood, A., fm* Emmanuel College, Cambridge. 

1863. ’‘‘Wood, Colfingwood L. Kreeland, Forgandenny, N.B. 

1875. ’“Wood, George William Rayner, Singleton Lodge, Manchester, 
1908. §Wood, Heftry J. 4 Blsworthy-road, N,W. 
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Year ot ^ ^ r 

1878’'’lWoop, Sir H. Trueman, M.A. Bo.yttl Soe|.>tv of Arte, .lolm- 
1878. Ado^hi, W:C. } and rrinoo Edward H-ma»wons. 

1883 *Woo 4 Th !*°21 Wostbourne-ipad, Birkdalo, liancawhire^ 

1904 •Wo^, T. B., M.A., Bipfettsor of Agriculture in the University el 
Cambridge. Oaius College, Cambridge. 

I son *Wood W. Hofiman. Bon Bhydding, YorMuro. 

1901. ‘Wood William James, F.S. A(Soot ) 26« 

1899. ‘Woodcock, Mis. B. M. Care of Messrs. Stilwell &-Harlffy, 4 bt. 

James’ -street, Dover. . . , . « i i i 

1896. ^WooBHBAD, Professor G. Sims, M,I). .Pathological Laboratoiy, 
Cambridge. „ 

1888. nVoodmies, Mrs. Alfred. 121 Gasdenau, Barms, BAY. 

1906. tWoodland, W. N. F. University College, GOTO^treot, W.O. 

1904. SWoodrow, John. Berryknowe, MeiHorigg^ Paisley. 

1904. tWoods, Henry, M.A. &t. John’s College, Cambridge. . « 

Voops, Samuel. 1 n 

1887. ’"WoopwAEP, ARTHUBSMiTH,lIj.D..F.R.b.,l.HS.,l.G.S.(Pies. C, 

1909; Council, 1903-10), Keeper, of the Departoent of 
Geology, British Museum (Natural History), Cromwell- 

1869. ‘Woopw!^,’^’. J., B.Sc., F.G.S. The lindens, St. Maiy’s-road, 

Haibome, Birmingham. , . . c iw 

1886. ^Woodward, Page, F.aS. 129 Beaufori-sti^.S.W. _ 

1866 tWOOPWARBt HBNBY, f aV. ’ 

* Counoil, 1887-94.) 13 Arundel-gardons,NottmgHill, W. 

1870. JWooDWABP, Hobaob B., F.E.S., P.G.S. 86 Coombe-ioad, 

1894 ♦Woodward, John Harold. 8 Queen Anne’s-gate, Westminster, S.W. 
1909. ‘Woodward, Kobert S. Carnegie Institation, WMkngton, 

1908. §WooLACOTT, David, D.Sc., F.G.S. 8 rho 0^ West, Sunderland 
1890. *WooUcombe, Robert Uoyd, M.A., LL.D., P.I.Inst., h.R.C.Iust., 

^ F.R.G.S., F.R.E.S., F.S.S., M.R.I.A. 14 Waterloo-ioad, 

Dublin. ^ . , , 

1883 *Woolley, George Stephen. Victoria Bridge, Manchester. 

1908! Worsdell, W. 0. 2 Woodside, Bathford, ButK 
1863. *Worsley, Philip J. Bodney Lodge, Clifton, Bristol 
1901. tWorth, J. T, Oakonrod Mount, Eoohdalo. ^ ^ 

1904. SWoBTBiNGXOK, A. M., C.B., P.Bi.S. 1 i ho 1 aragon, Blackhcatli, 

* ^ S 12 

1908. ‘Worthington, James H., B.A., F.B.A.8. Wycombe Court, Higlr' 
Wycombe. 

1906. JWBASaE, B. H. Vernon. York. 

1910. iWrenoh, E. G. Park Lodge, Baslow, porbwhiro. 

1896. fwrendi, Edward M., M.V.O., F.B.C.8. Park Lodge, Baslow, 

1905 tWren^^G^G. Marva, Silwood-road, Rondobosch, Capo Colony. 
1M6. IWright, Sir A. B., M.D., D.Sc., F.R.S. 6 Park-oresoent, W. 

1906. IWright, Allan. Struan TiUa, Gardens, Capo Town. _ 

1883. *Wright, Bev. Arthur, D.D. Queens College, Cambridge. 
l909<,tWright, C. S., B.A. Caius College, Cambridge. 

« 1905. •Wright, EitzHerbert. The Hayes, Alfreton. 

1874. tWright, Joseph, F.G.S. 4 Alfred-street, Belfast. „ 

1884. JWbiqet, Professor B. Bamsax, H.A., B.So.^^fmversity College, 

Toronto, Canada. „ , . , 

1904 IWright, B. T. Goiaeslie, Tmmpington, Cambn^e. 

1903; JWri^t, Willi^ Bie Uaversity, BltminghaaE 
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1871. JWEiQjaTSON, Sir Thomas, Bart., MJnst,O.E., F.G.S. Neasham 
Hall, Darlington. * 

19i&2. JWyatt, Q. H. 1 Maurice-road, St. Andrew’s Park, Bristol. ’* 

1901. JWylie, Alexander. Kirkfield, Johnstone, N.B. 

1902. JWylie, John, 2 Mafeking- villas, Whitehead, Belfast, 

1899. tWYNNifl, W. P., D.Sc., F.R.S., Professor of Chemistry in the Uni- 
versity of Sheffield. 17 Taptonville-road, Sheffield. 


1905. {Gallop, J. Allan. Alandale, London-road, Sea Point, Cape Colony, 
1901, *Yapp, B. H., M.A,, Professor of Botany in University College, 
Aberystwyth, 

. * Yarborough, George Cook. Camp’s Mount, Doncaster. 

1894. *Yarrow, A. P. Oampsie Dene, Blaneheld, Stirlingshire. 

1905. JYerbury, Colonel. Army and Navy Club, Pall Mall, S.W. 

1909. §Young, Professor A. H. Triiiity College, Toronto, Canada. 

1904. JYoung, Alfred. Selwyn College, Cambridge. 

1891. • §Young, Alfred C., E.C.S. 17 Vioar’s-hill, Lewisham, S.E, 

1905. JYoung, Professor Andrew, M.A., B.So. South African College, 

Cape Town. 

1909. :1; Young, F. A. 615 Notre Dame-avenue, Winnipeg, Canada. 

1894, *Yottng, Geoegb, Ph.D. 79 Harvard-court, Honoybourne-road, 
N.W. 

1909. §Young, Herbert, M.A., B.C.L., F.K.G.B. Ainprior, Ealing, W. 
1901. *•* Young, John. 2 Montague- terrace, Kelvinside, Glasgow. 

1905. JYoung, Professor E. B, Transvaal Technical Institute, Johannes- 
burg, 

1885. JYotjkg, B. Beuob, M.A., M.B. 8 Oown-gardens, Dowanhill, 
Glasgow, 

1909. JYoung, B. G. University of North Dakota, North Chautauqua^ 
North Dakota, U.S.A. 

1901, JYoung, Bobert M., B.A. Eathvarna, Belfast. 

1883. *Yotog, SyBHBY, D.Sc., F.R.S. (Pres. B, 1904), Professor of 
Chemistry in the University of Dublin. 12 Raglan-road, 
"" Dublin. 

1887. JYoung, Sydney. 29 Mark-lane, E.C. 

1907. ♦Youko, Wilijlam Henry, M. A., So.D., F.B.S. La Nonette de la 

^ Foret, Geneva, Switzerland. 

i!f03. tYox^l, Sir J. H., M.P. 67 Russell-squai'e, W.C. 
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1887. Professor Olevelaud Abbe. Local OMco> U,B. A. Weather Bureau, 
Washingtou, U.S.A. 

1892, Professor Svante Arrhenius. The University, Stockholm. (Bergs* 
gatan 18.) 

1897* Professor Oarl Barus. Brown University, Providence, B.L, U.B.A. 
1887. Hofratk Professor A. Bernthsen, Ph.I), Anilenfrabrik, Lud wigshafen, 
Germany. 

1892. Professor M. Bertrand. 75 rue de Vaugirard, Paris, 

1894, Bui^on-General J. S. Billings, 40 Lafayette-plaoe, New 

1893. Professor Christian Bohr. Bredgade Copenha^n, I)eiHnar|, 
1887. Professor Lewis Boss. Dudley Observatory, Albany, New Ybrk, 

U,S.A. 

1884. Professor H. P. Bowditoh, M.D,, LL.D. Harvard Medical School, 
Boston, Massachusetts, U.S.A, 

1890. Professor Dr, L. Brentano. Priedriohstrasse 11, Munohen. 

1893. Professor Dr. W. C. Brogger. Universitets Mineralogske Institute, 

Christiania, Norway. 

1887. Professor J. W. BriihL Heidelberg. 

1884. Professor George J. Brush. Yale University, New Haven, Conn., 
U.S.A. 

1894. Professor D. H. Campbell. Stanford University, Palo Alto, Cali- 

fornia, U.S.A. 

1897. M. 0. de Candolle. 3 Cour de St. Pierre, Geneva, Switzerland. 

1887. il^ofessor G, Capellini, 65 Via Zamboni, Bologna, Itajy. ^ 

1887. Hofrath Dr, H. Caro. C, 8, No. 9, Mamilieim, Germany. 

1894. Emile Oartailhao. 5 rue de la ChaSne, Toulouscs kVanee. 

1901. Professor T. 0. Chamberlin. Cliicago, U.S.A. ^ 

1894* Dr, A. Chauveau. 7 rue Cuvier, Pads. 

1887. P. W, Clarke. United States Geological Survey, Washington, 
D.q., U.S.A. 

1873. Professor Guido Cora, Via Nazionalo 181, Borne. 

1889. W. H. Dali, So.D. United States Geological Survey, Washington, 
D.C„ U.S.A. 

1872, Dr. Yves Delage. Faculty dos Sciences, La Sorbonne, Fads. 

1901. Professor G. Dewalque. 17 rue d© la Paix, Liege, Belgium. 

Professor V. Dwelshauvers-Dery. 4 quai Maroellis, Liege, Belgium, 
I876.^rofessor Alberto Eccher. Florence. 

1^4,. Professor Dr. W. ISinthoven. Leiden, N©thbrlan<|s. 
ip2, professor F, ElMng. Helsingfors, Finland. * 
l90l.; professor J. Elster. Wolfenbtttel, Germany, 

1901. PrpfeS^r W, G. Farlow. Harvard, U.S.A. 
d874;vgrA.,.p^,;;Fed^r^^ . Carohnenstrasse 9^ Leipzig. ^ ' 

' Altewiekdbig,,No,i9”b, Braunschweig, Germany.' 



91 
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^ Yeai* o£ J 
'Mootiou.^ 


1887. Professor Dr, R. Pittig. Strassburg. 

1894. Professor Wilhelm Foerster, D.C.L. Encke Plate 5 a, Berlin, S.W, 48. 
1872, W. do Fouvielle. 50 rue des Abbesses, Paris. ^ 

1901, Professor A, P. N. Franohimont. Leiden, Netherlajids. 

1894. Professor Leon Fredericq. 20 rue do Pitteurs, Li6ge, Belgium. 
1887, Professor Dr. Anton Fritsch. 66 Wenzolsplatz, Prague, Bohemia. 

1892. Professor Dr. Gustav Fritsch. Dorotheenstrasse 35, Berlin, 

1881. Professor C. M, Gariel. 6 rue Edouard D6taiile, Paris. 

1901, ftofessSr Dr. H!. Geitel. Wolfenbiittel, Germany. 

1889, Professor Gustave Gilson. TUniversite, Louvain, Belgium. 

1889. A. Gobert, 222 Chaussee de Charleroi, Brussels. 

1884. General A. W. Greely, LL.D, War Department, Washington, 


1892. Dr. C. E. Guillaume. Bureau International des Poids et Mesures, 

PaAdlion de Breteull, Sevres. 

1876. Professor Ernst Haeckel. Jena. 

1881. Dr, Edwin H, Hall 30 Langdon-streeb, Cambridge, Mass., U.S.A, 

1893. Professor Paul Heger. 23 rue de Drapiers, Brussels. 

1894. Professor Ludimar Hermann. Universitat, Konigsberg, Prussia. 

1893. Professor Richard Hertwig. Zoologisches Institut, Alte Akademie, 

Munich, 

1893. Professor Hildebrand. Stockholm. 

1897, Dr. G. W. Hill. West Nyack, New York, U.S.A. 

1881. Professor A. A. W. Hubreoht, LL.D., D.Sc., C.M.Z.S. The 
University, Utrecht, Netherlands. 

1887. Dr. Oliver W. Huntington. Cloyne House, Newport, R.I., U.S.A. 
1884. Professor 0. Loring Jackson. 6 Boylston Hall, Cambridge, Mas- 
sachusetts, U.S,A. 

1876. Dr. W. J. Janssen, Villa Polar, Massagno, Lugano, Switzerland. 
1881. W. Woolsey Johnson, Professor of Mathematics in the United States. 

Naval Academy, Annapolis, Maryland U.S.A. 

1887. Professor C. Julin. 163 rue de Fragn^e, Li^ge. 

1876. Dr. Giusejppe Jung, Bastions Vittoria 41, Milan. 

1884, Baron Dairoku Kikuchi, M, A. Imperial University, Tokyo, J apan. 
1873, Professor Dr. Felix Klein. Wilhelm- Weberstrasse 3, Gottingen. 

1894, Professor Dr. L. Kny. Kaiser-Allee 186-7t Wilmorsdorf, boi Berlin. 
1894. Professor J. Kollmann. St. Johann 88, Basel, Switzerland. 

*ijj94. Maxiqje Kovalevsky. 13 Avenue de I’Observatoiro, Paris, France. 
1887. Professor W. Krause. Knesebeckstrasso, 17/1, Charlottenburg, bei 

Berlin, 

•l877. Dr. Hugo Kroneoker, Professor of l^hysiology. Universitat, Bern, 
Switzerland. 

1887* Professor A, Ladonburg. Kaiser Wilhelmstrasse 108, Breslau. 

1SS7. I^rofessor J. W. Langley. 2037 Geddes-avenue, Ann Arbor, Michi- 
gan, U.S.A. 

1872. M. Georges Lemoine. 76 rue Notre Dame des Changes, Paris. 

1901. Professor Philipp Lenai*d. SoWossstrasse 7, Heidelberg. 

1887. Professor A. lieben, Molkorbastoi 5, Vienna. 

1883. Dr. F. lindemann. Franz- Josefstrasse 12/1, Munich. 

1887. Professor Dr. Georg Lunge. Ramistrasse 66, Zurich, V. 

1871. Professor Jakob Liiroth. Mozartstrasse 10, aiid Unvefsltat, 
Freibvrg“i»*Breisgau, Germany. 

1894. Professor D^ Otto Maas. UniversitSlt, Munich. 

1887. Henry C. McCook, D.B., So.D,, LL.D. 3700 Chestnut-street, 
Philadelphia, U.S.A, 

1867. Professor M[|j»nnhexm. ^1 Boulevard Beaus6jour, Paris. 

1887* Dr. C. A. von Martins. Voss-strasse 8, Berlin, W. 
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18^’"pi-olessor Albert A. Miohotoi. The Univewitv. Cliieago, U S.A. 

1887 Dr Oharlea'Sedgwiok Minot. BoaUnw Ma^Wotts, U.b.A. 

1887 PealKjdy Academy oISoianoo,SaleJu.Mw8.,U.S. A. 

Ifi Via S. ^ Pa* My- 

Professor EuiiHo Noolting. MuhlhaiiiSOJi, liilsass, 

liL g£S 0?^ ■»«£»« 

1890. Professor W. Ostwald. Linn6ste«e 2, ^P“g- 

1890. MafEeo Pantaieoni. 13 Cola da 

iftciK Professor P. Pascliow.* UDivesrsitatj Pubingon* ^ 

1887* Dr Pauli. Peldbergstrasse 49, Frankfurt ^ w 

lom’ Professor A Penck. Georgenstrasse 34-36, Berlin, N.W. 7. 

iQOd. Pmfi^sor W PfefEer, D.O.D* Xann^strasse . 

1870 SSr PdiSt^u. 148 Chaussfie de Co^traf, (f^d, Bekmm. 
1886! Sofessor P. W. Putnam. Harvard University, Oambndge, Massa- 

1887. ProtoOT^rgQi^oke. Hauptsteasse 47, Priederiohsbau, Heidel- 

1868. L. Roofer, Professor of Botany in the Univeraity of Munich. 
1896. ProffflS™^H^*^B^- Hopkins University, Baltimore, 

1807 Profiisor Dr. 0. Biohet. 16 rue do I’Umvei-sitd, Pims, Frwice. 

1896' Dr. van Eijokevorsel. Parklaan 3, Rotordam, Netherlan^. 

laoa' Professor Rosenthal, M.D. Erlangen, Bavma. 

im. PwK A Lawence Rotch. Blue HiU Observatory, Hyde Park, 

1895. Prof^^^M^R^ge- Wilhelm Weber-strasso 21, Gottingen, 

1901.' Gen.-^^^%hatchew. Central Physical Observatory, St. Peters- 

1894. ProfeS'P. H. Sohoute. The Uiiiverdty. Gromnpn, Netherlands. 
1874. Dr. G. Scbweinfurth. Potsdamerstra^e 7«)A, Borbn. ^ ^ • 

1897. Professor W. B* Scott. Princeton, N.J.,U.S.A. 

1892. Dr. Maurits Snellen. Apeldoorn, Pays- Bos, Holland. 

1887, Professor H. Graf Solms. Botamsober Gacten, Strassburg. 

1887 Pmi&at Solvav. 25 I'ue du Prince Albert), Brussels. ^ 

m8! Al^ Ipri^er. 312 East 2nd.Btreot, Oinomnati, Ohio, 

1889. ProfMBOT G. Stefanesou. Strada Vwde 8, Buchwest, Roumaiiia. 
1881. Dr. CypatiSBOs Stephanos. The Umvomty, Athens. 

1894. Profe^ B. Strasburger. The Umversity, Bonm 
1881. Professor Dr. Rudolf Sturm. Weyderstrasre 9, Breslau. 

1887. Professor John Trowbridge. Harvard Umversity, Cambridge, 
Massachusetts, D.S. A. ^ ^ tt • u 

"" ^iarminiusVamb^ry, Professor of Oriental Languages m the Uiuvem 

1890. Professor Dr.^ J, H? wi’t Hoff. Ublandstrasse % Oharlottenburg, 

Berlin. ' . cii. a 

1839. Wladlioir Yemadsky. Imperial Academy of Sciences, Bt. Peters- 
burg. ' ' 

1886w Prpf^Bpr Wes B^ard, Brijflsels, Belgium. 
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1887. Professor H. P. Weber, Ziiricb. 

1887, Professor Dr. Leonhard Weber, Moltkestrasse 60, Kiel. 

18i7, Professor August Weismann. Freiburg-in-Breisgau, Baden. 

1887. Dr, H. C. White. Athens, Georgia, U.S.A. 

1881. Professor H. M. Whitney. Branford, Conn., U.S.A* 

1887. Professor E. Wiedemann. Erlangen. 

1887. Professor Dr. Wiedersheim. Hansastrasse 3, Freiburg-im- 
Breisgau, Baden. 

1887. ft. Ottb N. Witt. Eberesohen-Allee 10, Westend bei Berlin. 

1896. Professor E. Zaoharias, Botanisoher Garten, Hamburg. 

1 887. Professor F. Zirkel. Konigstrasse 2a, Bonn-am-B-hine." 



/VBBfXHATKW 



LIST OF^SOCtETrES AND. PUIiLIO TNSIMTUIMONS 

TO WHICH. A COPY TEE BEPOBT IH PBEHENTKT). 


GREAT BRITAIN AND IRELAND. 


Belfast, Queen’s College. 

Birmingham, Midland Institute, 
Bradford Philosophical Society. 
Brighton Public Library. 

Bristol Naturalists’ Sooioty, 

, The Museum. 

Cambridge Philosophioal Society. 
Cardiff, Uniyersity College. 

Ohathatn^ Royal Engineers’ Institute. 
Comwail, Royal Geological Society 
of. 

Dublin, Qeolomoal Survey of Ireland. 

Royal College of Surgeons in 

Ireland. 

, Royal Irish Academy. 

Royal Society. 

Dundee, University College. 
Edinburgh, Royal Society of. 

, Royal Medical Society of. 

Scottish Society of Arts. 

Exeter, Royal Albert Memorial 
College Museum. 

Glasgow, Royal Philosophical Society 
of. 


- — , Institution of Engineers and 
Shipbuilders in Scotland. 

Leeds, Institute of Science. 

- — Philosophioal and Literary 
Society of. 

Liverpool, Free Public Library. 

— Royal Institution. 

— , The University. 

London, Admiralty, Library of the. 

. , Olxemical Society. 

Civil Engineers, Institution of. 

, Geological Society, 
t Geology, Museum of Practical 
Greenwich, Royal Observatory. 
T^,<^uildhalL library. 

, InsMtutioh of Electrical 

atution of Mechanical 



t’Mfigenoe Office, Central De- 
" Pohlical Information^^ 


London, King’s College. 

, Linnean Sooioty. 

, London Institution. 

, Meteorological Ollico. 

, Physical Society. 

>*' — «, BoyalAnthropologicallnstitute. 

, Boj-^al Asiatic Society. 

I , Royal Astronomical Society. 

: , Royal College of Physicians. 

I , Royal College of Surgeons. 

I Royal Geographical Society, 

j Royal Institution. 

j Royal Meteorolc^oal Society, . 

I , Royal Sanitary Institute, 

, Royal Society. 

, Royal Society of Arts. 

Royal Statistical Society. 

, United Service Institution. 

— , University College. 

, War Office, Library. 

Zoological Society. 

Manchester Literary and Philosophi- 
cal Society. 

, Municipal School of Technology. 

Nowcastle-upon-Tyno, Literary atul 
Philosophical Society, 

, Public Library. 

Norwich, The Free Library* 
Nottingham, The Free Library, ^ 
Oxford, Ashinoleau Natural IliBiory 
Society. 

- — , Eadclifo Obsorvatory. 
Plymouth Institution. 

, Marino Biological Association. 

Salford, Royal Museum and liibrary^ 
Sheffield, University Colloge. 
Southampton, Hartley Institution. 
Stonyhurst College Observatory, 
Surrey, Royal Gardens, Kcw. 

, National Physical Laboratory 

(Observatorv Department), 
Swansea, B>o^l Institution of South 
Wales. 

York^ire Philosophical Society* 

The t^rrespondJhg Societies. 
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EUROPE. 


. . Die Kaisorlioho Aka- 
demie der Wissen- 
sohaften. 

Bonn University Library. 

Brnssols «... Royal Academy of 
Sciences. 

Charkow . . . .University Library, 

Coimbra ^ . . . . Hfeteorologioal Ob- 

servatory, 

Copenhagen. . .Royal Society of 
Sciences. 


Dorpat, Russia University library. 

Dresden Royal PubHo Library. 

Frankfort ...Natoal History So- 
ciety. 

Genova Natural History So- 

ciety. 

Gdttingen ... .University Library, 

Qrte Naturwissenschaft - 

licher Verein. 

Halle Leopoldinasoh - Caro - 

linische Akademie. 

Harlem Soci6t6 Hollandaise 

des, Sciences. 

Heidelberg, . . .University Library. 

Helsingfors . . .University library, 

Jena .University library. 

Hassan, Russia University Library. 

Kiel .Royal Observatory, 

Kiev .University Library, 

Lausanne . . . .The University. 

Leiden University library. 

lito .University Library, 

Lisbon. Academia Real des 


* Sciences,* 

Milan The Institute. 

Modena ..... .Royal Academy. 

Mfii^ow j^oclety of Naturalists. 


Moscow 
Munich. 
Naples . 


Paris 


Pultova 
Rome . 


. University library. 

. University Libpp^y. 

. Royal Academy of 
Sciences. 

.Association Fran 9 aise 
pour FAvancement 
des Sciences. 

. Geographical Society, 

.Geological Society. 

, Royal Academy of 
Sciences. 

School of Mines. 

Imperial Observatory, 

Accademiadei Lincei. 


Collegio Romano. 

Italian Geographical 

Society. 

Italian Society of 

Sciences. 

Roumania ..Roumanian Association 
for the Advance- 
ment of Science. 


St. Petersburg. Uni varsity Library, 

Imperial Observatory. 

Stockholm , . .Royal Academy. 

Turin Royal Academy of 

Sciences.- 

Upsala Royal Society of 

Science. 

Utrecht University library. 

Vienna The Imperial library. 

Central Anstalt fiir 

Meteorologie und 
Erdmagnetismus. 

Zurich Naturforschende Ge- 

sellschaft. 


Agra .. 
Bombay 


Calcutta 


ASIA. 


,The College. 

» Blphinstono Institu* 
tidn. 

Grant Medical Col- 
lege. 

Asiatic Society, 
Hooghly College. 


Calcutta 
Ceylon . 
Madras 
Tokyo , 


AFRICA. 


, .Medical College. 

, .Presidency College. 

, .The Museum, Co- 
lombo. 

,";The Observatory. 

. .University Library, 

. .Imperial University. 


Cape Town ... .The Royal Observatory. 

, , .C South African Association for the Advjncement 

""v. of Sgienoe. 

.South African Public Library. 

Grahamstown . .Rhodes University Oollogo. 

Kimberley* . , . .Public Library. 



AsbciATlON. 


Albaht' • 

, Amtosfc. 
Ba^timoro 

Boston 


ATVtEUICA. 


CaliforBia. . . . 

CamMdga *. 
dhipago 


Kingston 

Manitot)a 


Mexico . 

Missouri 

Montreal 


The Instittito. 

.The Observatory. ^ 
.J6hns HopMns Uni- 

. American Academy of 
Arts and Sciences. 
.Boston Society of 
Na.tural History. 

.The University. 

.Lick Observatory. 

, Academy of Sciences, 

, Harvard University 
Library. 

.American Medical 
Association. 

.Field Mnsenm of 
Hatnral History. 
.Queen’s University, 
.Historical and Scien- 
tific Society 
.The University. 

Massachusetts .Marine 

Laboratory, Woods 

Hoil. . 

. Sociedad Cientifica 

‘ Antonio Alzate. 
.Botanical Garden. 
.Council of Arts and 
Manufactures. 


Montreal . 
No w York 


Ottawa 

Philadelphia 


..McGill Uhivorsitf. 

. . Ameincan Society of 
■ Civil 'Hngineors, ■ 
.Academy oi ScienceB, 

’..Geological Survey of igi 
Canada, 

Ameiican Btilosoplvi- 
cal Society, 

.... Franklin Institute. 

‘.‘......University of Penn- 
sylvania. 

Toronto 'Che Obseryatory, , . ,r > 

Xoionto Canadian Insto' \ 

tnte. 

___ The Univeraity. ■ 

Washington. - .Bureau of Ethnology. 
!!__ .Sraithsonian Institu- 

tion. 

-.The Naval Obsorva- 
tory. 

.XJuited States Gcolo- 
meal Survey of ,tb9 
Territories. 

. library of Congre^ ■ 

.Board of Agrioulturo. 
.Coast and Geodetic 
SiH-vey. 


AUSTRALIA. 

. , , . . The Colonial Govenunent. 

Adelaide • ^oyal Geographical Society. 

i^bano 

Melbourne Works UopaHmei^'.. 

hydney . . . ■ • ■ • • ■ ■ ’ • Mnsonra. 

. , . Koyal Society. 

. . .The Colonial Ooverammit, 


^Pastuania 
Vifitoria* . 


NP.W ZEALAND. 


Canterbury 

Wellington 


.The Museum. 

.New Zealand Institute. 


' , ' iCi ' 

'mrN’m'n W' . 

tsfo!fri8WOch£^.ANC CO, 

■ ' ANW KM , 
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